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Preface 
The Uniform Building Code is dedicated to the development of better building construction and 

greater safety to the public by uniformity in building laws. The code is founded on broad-based prin­
ciples that make possible the use of new materials and new construction systems. 

The Uniform Building Code was first enacted by the International Conference of Building Offi­
cials atthe Sixth Annual Business Meeting held in Phoenix, Arizona, October 18-21, 1927. Revised 
editions of this code have been published since that time at approximate three-year intervals. New 
editions incorporate changes approved since the last edition. 

The Uniform Building Code is designed to be compatible with related publications to provide a 
complete set of documents for regulatory use. See the publications list following this preface for a 
listing of the complete family of Uniform Codes and related publications. 

Code Changes. Anyone may propose amendments to this code. For more information, write to 
the International Conference of Building Officials, 5360 Workman Mill Road, Whittier, California 
90601-2298. Changes to the code are processed each year and published as supplements in a form 
allowing ready adoption by local communities. These changes are carefully reviewed in public 
hearings by experts in the field of building construction and fire and life safety. An analysis of 
changes between editions is published in the Analysis of Revisions to the Uniform Codes. 

Marginal Markings. Solid vertical lines in the margins within the body of the code indicate a 
change from the requirements of the 1991 edition except where an entire chapter was revised, a new 
chapter was added or a change was minor. Where an entire chapter was revised or a new chapter was 
added, a notation appears at the beginning of that chapter. The letter F repeating in line vertically in 
the margin indicates that the provision is maintained under the code change procedures of the 
International Fire Code Institute. Deletion indicators <•) are provided in the margin where a para­
graph or item listing has been deleted if the deletion resulted in a change of requirements. 

Common Code Format. The provisions of the 1994 edition of the Uniform Building Code have 
been reformatted into the common code format established by the Council of American Building 
Officials. The new format establishes a common format of chapter designations for the three model 
building codes published in the United States. Apart from those changes approved by the conference 
membership, this reformatting has not changed the technical content of the code. 

The chart on the page following this preface indicates how the new chapters are grouped, lists the 
new chapter designations and indicates the general location of the provisions from the 1991 edition. 
Cross-reference tables are available to assist in locating provisions of the 1991 edition in the 1994 
edition. 

Three-Volume Set. Provisions of the Uniform Building Code and the U.B.C. Standards have 
been divided into a three-volume set. Volume 1 accommodates administrative, fire- and life-safety 
and field inspection provisions. Chapters 1 through 15 and Chapters 24 through 35 are printed in 
Volume 1 in their entirety. Any appendix chapters associated with these chapters are printed in their 
entirety at the end of Volume 1. Excerpts of certain chapters from Volume 2 are reprinted in Volume 1 
to provide greater usability. 

Volume 2 accommodates structural engineering design provisions, and specifically contains 
Chapters 16 through 23 printed in their entirety. Included in this volume are design standards pre­
viously published in the U.B.C. Standards. Design standards have been added to their respective 
chapters as divisions of the chapters. Any appendix chapters associated with these chapters are 
printed in their entirety at the end of Volume 2. Excerpts of certain chapters from Volume 1 are 
reprinted in Volume 2 to provide greater usability. 

Volume 3 contains material, testing and installation standards. 
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Metrication. The Uniform Building Code has been metricated for the 1994 edition. The metric 
conversions are provided in parenthesis following the English units. Where industry has made met­
ric conversions available, the conversions conform to current industry standards. 

Formulas are also provided with metric equivalents. Metric equivalent formulas immediately fol­
low the English formula and are denoted by "For SI:" preceding the metric equivalent. Some formu­
las do not use dimensions and, thus, are not provided with a metric equivalent. Multiplying 
conversion factors have been provided for formulas where metric forms were unavailable. Tables 
are provided with multiplying conversion factors in subheadings for each tabulated unit of measure­
ment. Metricated tables of the Uniform Codes are available from the Conference. 
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1994 U.B.C. Chapter 1991 U.B.C. Chapter 

ADMINISTRATION AND TERMS 

I Administration I, 2, 3 

2 Definitions and Abbreviations 4 

BUILDING PLANNING 

3 Use or Occupancy 5-12 

4 Special Use and Occupancy 18, 39, 40, 48, 56 and part of 6, 7, 9, 17, 19 

5 General Building Limitations Part of 5 and Section 1717 

6 Types of Construction 19, 20, 21, 22, part of 17 and 18 

FIRE PROTECTION 

7 Fire-resistant Materials and Construction 43 and part of 17-19 and 25 

8 Interior Finishes Part of 5 and 42 

9 Fire-protection Systems 38, 57 and part of 32 

OCCUPANT NEEDS 

10 Means of Egress 33 and part of 17 

II Accessibility 31 J 
12 Interior Environment Part of 5 and 12 

BUILDING ENVELOPE I 

13 Energy Conservation Section 1715 

14 Exterior Wall Coverings 30 and part of 17 I 

15 Roofs and Roof Structures 32, 36 and Section 1719 

STRUCTURAL SYSTEMS 

16 Structural Forces 23 J 
17 Structural Tests and Inspections 50 and part of 3, 17 and 30 

18 Foundations and Retaining Walls 29 

STRUCTURAL MATERIALS 

19 Concrete 26 I 

20 Lightweight Metals 28 

21 Masonry 24 

22 Steel 27 

23 Wood 25 

NONSTRUCTURAL MATERIALS I 

24 Glass and Glazing 34,54 

25 Gypsum Board and Plaster 47 i 

26 Plastic 52, part of 17 and Section 3007 
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1994 U.B.C. Chapter 1991 U.B.C. Chapter 

BUILDING SERVICES 

27 Electrical Systems New 

28 Mechanical Systems New 

29 Plumbing Systems New and part of 5-12 

30 Elevators, Dumbwaiters, Escalators and Moving Walks 51 

SPECIAL DEVICES AND CONDITIONS 

31 Special Construction 37 and part of 5 

32 Construction in the Public Right of Way 45 

33 Site Work, Demolition and Construction 44 and part of 25 and 29 

34 Existing Structures part of 2 and 5 

STANDARDS 

35 Uniform Building Code Standards 60 

APPENDIX CHAPTERS 

A3 Detention and Correction Facilities; Agricultural 10; II; and 12, Div. I and II 
Buildings; Group R, Division 3; and Group R, Division 4 
Requirements 

A4 Barriers for Swimming Pools, Spas and Hot Tubs; 7; 12, Div. III; 57 
Aviation Control Towers; and Fallout Shelters 

A9 Basement Pipe Inlets 38 

All Site Accessibility; and Accessibility for Existing 31 
Buildings 

A12 Ventilation; and Sound Transmission Control 5,35 

A13 Energy Conservation in New Building Construction 53 

AIS Reroofing 32 

A16 Snow Load Design; Earthquake Recording 23; Div. I, II, III 
Instrumentation; and Seismic-isolated Structures 

A18 Waterproofing and Dampproofing Foundations 29 

A19 Protection of Residential Concrete Exposed to Freezing 26 
and Thawing 

A21 Prescriptive Masonry Construction in High-wind Areas 24 

A23 Conventional Light-frame Construction in High-wind 25 
Areas 

A29 Minimum Plumbing Fixtures New 

A30 Elevators, Dumbwaiters, Escalators and Moving Walks 51 

A31 Flood-resistant Construction; Membrane Structures; and 23, Div. IV; 49; 55 
Patio Covers 

A33 Excavation and Grading 70 

A34 Life-safety Requirements for Existing Buildings Other I 
Than High-rise Buildings; and for Existing High-rise 
Buildings 
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CODES AND RELATED PUBLICATIONS 
The International Conference of Building Officials (ICBO) publishes the family of Uniform Codes, each correlated 

with the Uniform Building CodeTM to provide jurisdictions with a complete set of building-related regulations for 
adoption. Other reference materials and related codes are available to improve knowledge of code enforcement and 
administration of building inspection programs. Publications are continually being added, so inquiries should be 
directed to Conference headquarters for a listing of available products. The following publications are available from 
ICBO: 

UNIFORM CODES 

Uniform Building Code, Volumes I, 2 and 3. The most widely adopted model building code in the United States, 
the performance-based Uniform Building Code is a proven document, meeting the needs of government units charged 
with the enforcement of building regulations. Volume I contains administrative, fire- and life-safety and field inspec­
tion provisions; Volume 2 contains structural engineering design provisions; and Volume 3 contains material, testing 
and installation standards. 

Uniform Mechanical CodeTM. Provides a complete set of requirements for the design, construction, installation 
and maintenance of heating, ventilating, cooling and refrigeration systems; incinerators and other heat-producing 
appliances. 

Uniform Fire Code"'. Volumes I and 2. The premier model fire code in the United States, the Uniform Fire Code 
sets forth provisions necessary for fire prevention and fire protection. Published by the International Fire Code Insti­
tute, the Uniform Fire Code is endorsed by the Western Fire Chiefs Association, the International Association of Fire 
Chiefs and ICBO. Volume I contains code provisions compatible with the Uniform Building Code, and Volume 2 con­
tains standards referenced from the code provisions. 

Uniform Housing CoderM. Provides complete requirements affecting conservation and rehabilitation of housing. 
Its regulations are compatible with the Uniform Building Code. 

Uniform Code for the Abatement of Dangerous BuildingsrM. A code compatible with the Umform Building 
Code and the Uniform Housing Code which provides equitable remedies consistent with other laws for the repair, va­
cation or demolitioo of dangerous buildings. 

Uniform Sign Code rM. Dedicated to the development of better sign regulation, its requirements pertain to all signs 
and sign construction attached to buildings. 

Uniform Administrative CoderM. This code covers administrative areas in connection with adoption of the Uni­
form Building Code, Uniform Mechanical Code and related codes. It contains provisions which relate to site prepara­
tion, construction, alteration, moving, repair and use and occupancies of buildings or structures and building service 
equipment, including plumbing, electrical and mechanical regulations. The code is compatible with the administrative 
provisions of all codes published by the Conference. 

Uniform Building Security Code TM. This code establishes minimum standards to make dwelling units resistant to 
unlawful entry. It regulates swinging doors, sliding doors, windows and hardware in connection with dwelling units of 
apartment houses or one- and two-family dwellings. The code gives consideration to the concerns of police, fire and 
building officials in establishing requirements for resistance to burglary which are compatible with fire and life safety. 

Uniform Code for Building ConservationrM. A building conservation guideline presented in code format which 
will provide a community with the means to preserve its existing buildings while achieving appropriate levels of safe­
ty. It is formatted in the same manner as the Uniform Building Code, is compatible with other Uniform Codes, and may 
be adopted as a code or used as a guideline. 

Uniform Zoning CoderM. This newest addition to the Uniform Codes family is dedicated to intelligent community 
development and to the benefit of the public welfare by providing a means of promoting uniformity in zoning laws and 
enforcement. 

Dwelling Construction under the Uniform Building CodeTM. Designed primarily for use in home building and 
apprentice training, this book contains requirements applicable to the construction of one- and two-story dwellings 
based on the requirements of the Uniform Building Code. Available in English or Spanish. 

Dwelling Construction under the Uniform Mechanical CodeTM. This publication is for the convenience of the 
homeowner or contractor interested in installing mechanical equipment in a one- or two-family dwelling in confor­
mance with the Uniform Mechanical Code. 

Quick-Reference Guide to the Occupancy Requirements of the 1994 U.B.C. Code requirements are compiled in 
this publication by occupancy groups for quick access. These tabulations assemble requirements for each occupancy 
classification in the code. Provisions, such as fire-resistive ratings for occupancy separations in Table 3-B, exterior 
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wall and opening protection requirements in Table 5-A-1, and fire-resistive ratings for types of construction in Table 
6-A, are tabulated for quick reference and comparison. 

Supplements to U.B.C. and related codes. Published each of the two years between editions, the Supplements 
contain all changes approved during that year, plus an analysis of those changes. 

Metricated Tables and Figures of the 1994 Uniform Codes. The tables presented in the 1994 Uniform Codes 
tabulate values in inch-pound units system and are provided with multiplying factors to convert values to the SI equiv­
alent. This publication provides all the tables and figures of the Uniform Codes completely metricated. All tabulated 
values will be presented in SI units without reference to the inch-pound equivalent. 

Uniform Building Code--1927 Edition. A special 60th anniversary printing of the first published Uniform Build­
ing Code. 

CABO CODES 
CABO One and Two Family Dwelling Code. Jointly sponsored by ICBO and the other model building code orga­

nizations, this code eliminates conflicts and duplications among the model codes to achieve national uniformity. Cov­
ers mechanical and plumbing requirements as well as construction and occupancy. 

Application and Commentary on CABO One and Two Family Dwelling Code. An interpretative commentary 
on the CABO One and Two Family Dwelling Code intended to enhance uniformity of interpretation and application of 
the code nationwide. Developed by the three model code organizations, this document includes numerous illustrations 
of code requirements and the rationale for individual provisions. 

CABO Model Energy Code. This code includes minimum requirements for effective use of energy in the design of 
new buildings and structures and additions to existing buildings. It is based on American Society of Heating, Refrig­
eration and Air-conditioning Engineers Standard 90A-1980 and was originally developed jointly by ICBO, BOCA, 
SBCCI and the National Conference of States on Building Codes and Standards under a contract funded by the United 
States Department of Energy. The code is now maintained by CABO and is adopted by reference in the Uniform Build­
ing Code. 

TECHNICAL REFERENCES AND EDUCATIONAL MATERIALS 
Analysis of Revisions to the Uniform Codes rM. An analysis of changes between the previous and new editions of 

the Uniform Codes is provided. Changes between code editions are noted either at the beginning of chapters or in the 
margins of the code text. 

1991/1994 Cross-Reference Directory to the U.B.C. and U.M.C. Both the U.B.C. and U.M.C. have been refor­
matted and reorganized for the 1994 editions. This publication provides two directories for both the U.B.C. and 
U .M.C. to cross-reference the provisions from the 1991 format to the 1994 format. The first cross-reference for each 
code lists the 1991 section numbers and indicates where provisions from the 1991 U .B.C. and U.M.C. are located in the 
1994 editions. Other cross-reference tables listthe 1994 U .B.C. and U .M.C. section numbers and referto their origin in 
the 1991 codes. 

Handbook to the Uniform Building Code. The handbook is a completely detailed and illustrated commentary on 
the Uniform Building Code, tracing historical background and rationale of the codes through the current edition. Also 
included are numerous drawings and figures clarifying the application and intent of the code provisions. Also avail­
able in electronic format. 

Handbook to the Uniform Mechanical Code. An indispensable tool for understanding the provisions of the cur­
rent U.M.C., the handbook traces the historical background and rationale behind the U.M.C. provisions, includes 160 
figures which clarify the intent and application of the code, and provides a chapter-by-chapter analysis of the U.M.C. 

Uniform Building Code Application/Interpretation Manual. This manual discusses sections of the Uniform 
Building Code with a question-and-answer format, providing a comprehensive analysis of the intent of the code sec­
tions. Most sections include illustrative examples. The manual is in loose-leaf format so that code interpretations pub­
lished in Building Standards magazine may be inserted. Also available in electronic format. 

Uniform Mechanical Code Application/Interpretation Manual. As a companion <iocument to the Uniform 
Mechanical Code, this manual provides a comprehensive analysis of the intent of a number of code sections in an 
easy-to-use question-and-answer format. The manual is available in a loose-leaf format and includes illustrative 
examples for many code sections. 

Plan Review Manual. A practical text that will assist and guide both the field inspector and plan reviewer in apply­
ing the code requirements. This manual covers the nonstructural and basic structural aspects of plan review. 

Field Inspection Manual. An important fundamental text for courses of study at the community college and trade 
or technical school level. It is an effective text for those studying building construction or architecture and includes 
sample forms and checklists for use in the field. 

2-viii 

1m 



II 

Building Department Administration. An excellent guide for improvement of skills in departmental manage­
ment and in the enforcement and application of the Building Code and other regulations administered by a building 
inspection department. This textbook will also be a valuable aid to instructors, students and those in related profes­
sional fields. 

Building Department Guide to Disaster Mitigation. This new, expanded guide is designed to assist building 
departments in developing or updating disaster mitigation plans. Subjects covered include guidelines for damage miti­
galion, disaster-response management, immediate response, mutual aid and inspections, working with the media, 
repair and recovery policies, and public information bulletins. This publication is a must for those involved in prepar­
ing for and responding to disaster. 

Building Official Management Manual. This manual addresses the unique nature of code administration and the 
managerial duties of the building official. A supplementary insert addresses the budgetary and financial aspects of a 
building department. It is also an ideal resource for those preparing for the management module of the CABO Building 
Official Certification Examination. 

Legal Aspects of Code Administration. A manual developed by the three model code organizations to inform the 
building official on the legal aspects of the profession. The text is written in a logical sequence with explanation of 
legal terminology. It is designed to serve as a refresher forthose preparing to take the legal module of the CABO Build­
ing Official Certification Examination. 

U.M.C. Workbook. Designed for independent study or use with instructor-led programs based on the Uniform 
Mechanical Code, this comprehensive study guide consists of 16leaming sessions, with the first two sessions review­
ing the purpose, scope, definitions and administrative provisions and the remaining 14 sessions progressively explor­
ing the requirements for installing, inspecting and maintaining heating, ventilating, cooling and refrigeration systems. 

Concrete Manual. A publication for individuals seeking an understanding of the fundamentals of concrete field 
technology and inspection practices. Of particular interest to concrete construction inspectors, it will also benefit 
employees of concrete producers, contractors, testing and inspection laboratories and material suppliers. 

Reinforced Concrete Masonry Construction Inspector's Handbook. A comprehensive information source 
written especially for masonry inspection covering terminology, technology, materials, quality control, inspection and 
standards. Published jointly by ICBO and the Masonry Institute of America. 

You Can Build It! Sponsored by ICBO in cooperation with CABO, this booklet contains information and advice to 
aid "do-it-yourselfers" with building projects. Provides guidance in necessary procedures such as permit require­
ments, codes, plans, cost estimation, etc. 

Guidelines for Manufactured Housing Installations. A guideline in code form, implementing the Uniform 
Building Code and its companion code documents to regulate the permanent installation of a manufactured home on a 
privately owned, nonrental site. A commentary is included to explain specific provisions, and codes applying to each 
component part are defined. 

Accessibility Reference Guide. This guide will be a valuable resource for architects, interior designers, plan 
reviewers and others who design and enforce accessibility provisions. Features include accessibility requirements, 
along with detailed commentary and graphics to clarify the provisions; cross-references to other applicable sections of 
the U.B.C. and the Americans with Disabilities Act Accessibility Guidelines; a checklist of U.B.C. provisions on 
access and usability requirements; and many other useful references. 

U.B.C. Field Inspection Workbook. A comprehensive workbook for studying the provisions of the U.B.C. 
Divided into 12 sessions, this workbook focuses on the U.B.C. combustible construction requirements for the inspec­
tion of wood-framed construction. 

Educational and Technical Reference Materials. The Conference has been a leader in the development of texts 
and course material to assist in the educational process. These materials include vital information necessary for the 
building official and subordinates in carrying out their responsibilities and have proven to be excellent references in 
connection with community college curricula and higher-level courses in the field of building construction technology 
and inspection and in the administration of building departments. A full line of videotapes and automated products are 
also available. 
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1994 UNIFORM BUILDING CODE 
CHAP.16, DIV.I 

1601-1603.3.2 

Volume 2 
Chapters 1 through 15 are printed in Volume 1 of the Uniform Building Code. 

Chapter 16 

STRUCTURAL FORCES 

Division I-GENERAL DESIGN REQUIREMENTS 

SECTION 1601 - SCOPE 

This chapter prescribes general design requirements applicable to all structures regulated by this 
code. 

SECTION 1602- DEFINITIONS 

The following definitions give the meaning of certain terms used in this chapter: 

DEAD LOAD is the vertical load due to the weight of all permanent structural and nonstructural 
components of a building, such as walls, floors, roofs and fixed service equipment. 

LIVE LOAD is the load superimposed by the use and occupancy of the bJilding not including 
the wind load, earthquake load or dead load. 

LOAD DURATION is the period of continuous application of a given load, or the aggregate of 
periods of intermittent application of the same load. 

SECTION 1603- DESIGN METHODS 

1603.1 General. Buildings and other structures, and all portions thereof, shall be designed and I 
constructed to sustain, within the limitations specified in this code, all dead los.ds and all other loads 
specified within this chapter, elsewhere in this code. Impact loads shall be considered in the design 
of any structure where impact loads occur. 

EXCEPTION: Unless otherwise required by the building official, buildings or I'ortions thereof which are 
constructed in accordance with the conventional framing requirements specified ir, Chapter 23 of this code 
shall be deemed to meet the requirements of this section. 

1603.2 Standards. The standards listed below are recognized standards. (See Section 3503.) 

I. Wind design. 

1.1 ASCE 7, Chapter 6, Minimum Design Loads for Buildings and Other Structures 

1.2 ANSI EIAffiA 222-E, Structural Standards for Steel Antenna Towers and Antenna Sup­
porting Structures 

1.3 ANSIINAAMM FPI 001, Guide Specifications for the Design Loads of Metal Flagpoles 

1603.3 Rationality. 

1603.3.1 General. Any system or method of construction to be used shall be based on a rational 
analysis in accordance with well-established principles of mechanics. Such analysis shall result in a 
system which provides a complete load path capable of transferring all loads and forces from their 
point of origin to the load-resisting elements. The analysis shall include, but not be limited to, the 
provisions of Sections 1603.3.2 through 1603.5. 

1603.3.2 Distribution of horizontal shear. The total lateral force shall be distributed to the vari­
ous vertical elements of the lateral-force-resisting system in proportion to their rigidities consider-

2-1 



CHAP. 16, DIV. I 
1603.3.2-1604.1 1994 UNIFORM BUILDING CODE 

ing the rigidity of the horizontal bracing system or diaphragm. Rigid elements that are assumed not 
to be part of the lateral-force-resisting system may be incorporated into building!;, provided that 
their effect on the action of the system is considered and provided for in the desi~;n. 

1603.3.3 Horizontal torsional moments. Provision shall be made for the incwased forces in­
duced on resisting elements of the structural system resulting from torsion due to eccentricity be­
tween the center of application of the lateral forces and the center of rigidit~' of the lateral 
force-resisting system. Forces shall not be decreased due to torsional effects. For accidental torsion 
requirements for seismic design, see Section 1628.6. 

1603.3.4 Stability against overturning. Every building or structure shall be designed to resist 
the overturning effects caused by the lateral forces specified in this chapter. See Section 1619 for 
wind and Section 1628 for seismic. 

1603.3.5 Anchorage. Anchorage of the roof to walls and columns, and of walls and columns to 
foundations, shall be provided to resist the uplift and sliding forces which result from the applica­
tion of the prescribed forces. For additional requirements for masonry or concrete walls, see Section 
1611. 

1603.4 Critical Distribution of Live Loads. Where structural members are arranged so as to 
create continuity, the loading conditions which would cause maximum shear and bending moments 
along the member shall be investigated. 

1603.5 Stress Increases. All allowable stresses and soil-bearing values specified in this code for 
working stress design may be increased one third when considering wind or earthquake forces ei­
ther acting alone or when combined with vertical loads. No increase will be allowed for vertical 
loads acting alone. 

1603.6 Load Factors and Load Combinations. When the design of a building, :;tructure or por­
tion thereof is based on ultimate strength design (concrete), plastic design (steel) or load and resis­
tance factor design (steel), each component shall be designed to resist the most critical effects of the 
load factors and load combinations in the appropriate material chapter or U.B.C. >tandard. When 
the design of a building, structure or portion thereof is based on allowable stress o: working stress 
design, each component shall be designed to resist the most critical effect resulting from the follow­
ing combination of loads. (Floor live load shall not be included when its inclusion results in lower 
stresses in the member under investigation.) 1 

1. Dead plus floor live plus roof live (or snow).2 

2. Dead plus floor live plus wind2 (or seismic). 

3. Dead plus floor live plus wind plus snow/2.2 

4. Dead plus floor live plus snow plus wind/2.2 

5. Dead plus floor live plus snow3 plus seismic. 

SECTION 1604- FLOOR DESIGN 

1604.1 General. Floors shall be designed for the unit loads set forth in Table 16-A. These loads 
shall be taken as the minimum live loads in pounds per square foot of horizontal projection to be 

1 Lateral earth pressure shall be included in the design when it will result in a more critical combination. 

2Crane hook loads need nol be combined with roof live load or with more than three fourths of the snow load or 
one half of the wind load. 

3Design snow loads of 30 pounds per square foot (psf) ( 1.44 kN/m2) or less need not be combined with seismic 
loads. Where design snow loads exceed 30 psf ( 1.44 kN/m2) the design snow load shall be included with seismic 
loads, but may be reduced up to 75 percent where consideration of siting, configuration and load duration warrant 
when approved by the building official. 
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1994 UNIFORM BUILDING CODE 
CHAP. 16, DIV.I 

1604.1-1605.2 

used in the design of buildings for the occupancies listed, and loads at least equal shall be assumed 
for uses not listed in this section but which create or accommodate similar loadings. 

When it can be determined in designing floors that the actual live load will be greater than the 
value shown in Table 16-A, the actual live load shall be used in the design of such buildings or part 
thereof and special provisions shall be made for machine or apparatus loads. 

1604.2 Distribution of Uniform Floor Loads. Where uniform floor loads are involved, consid­
eration may be limited to full dead load on all spans in combination with full live load on adjacent 
spans and on alternate spans. 

1604.3 Concentrated Loads. Provision shall be made in designing floors for a concentrated load 
as set forth in Table 16-A placed upon any space 21/ 2 feet (762 mm) square, wherever this load upon 
an otherwise unloaded floor would produce stresses greater than those causec. by the uniform load 
required therefor. 

Provision shall be made in areas where vehicles are used or stored for concentrated loads consist­
ing of two or more loads spaced 5 feet (1524 mm) nominally on center without uniform live loads. 
Each load shall be 40 percent of the gross weight of the maximum-size vehicle to be accommo­
dated. The condition of concentrated or uniform live load producing the greater stresses shall gov­
ern. Parking garages for the storage of private or pleasure-type motor vehicles with no repair or I 
refueling shall have a floor system designed for a concentrated load of not le;s than 2,000 pounds 
(8. 9 kN) acting on an area of 20 square inches (12 900 mm2) without uniform live loads. The condi­
tion of concentrated or uniform live load producing the greater stresses shall govern. 

Provision shall be made for special vertical and lateral loads as set forth in Table 16-B. 

1604.4 Partition Loads. Floors in office buildings and in other buildings where partition loca­
tions are subject to change shall be designed to support, in addition to all other loads, a uniformly 
distributed dead load equal to 20 pounds per square foot (0.96 kNfm2). Access floor systems may be 
designed to support, in addition to all other loads, a uniformly distributed dead load equal to 10 
pounds per square foot (0.48 kNfm2). 

1604.5 Live Loads Posted. The live loads for which each floor or part thereof of a commercial or 
industrial building is or has been designed shall have such designed live loads ,;onspicuously posted 
by the owner in that part of each story in which they apply, using durable meta signs, and it shall be 
unlawful to remove or deface such notices. The occupant of the building shall be responsible for 
keeping the actual load below the allowable limits. 

SECTION 1605- ROOF DESIGN 

1605.1 General. Roofs shall sustain, within the stress limitations of this code, all dead loads plus 
unit live loads as set forth in Table 16-C. The live loads shall be assumed to act vertically upon the 
area projected upon a horizontal plane. 

1605.2 Distribution of Loads. Where uniform roof loads are involved in the design of structural 
members arranged so as to create continuity, consideration may be limited to full dead loads on all 
spans in combination with full live loads on adjacent spans and on alternate spans. 

EXCEPTION: Alternate span loading need not be considered where the uniform roof live load is 20 
pounds per square foot (0.96 kN/m2) or more or the provisions of Section 1605.4 are met. 

For those conditions where light-gage metal preformed structural sheets serve as the support and 
finish of roofs, roof structural members arranged so as to create continuity shall be considered ade­
quate if designed for full dead loads on all spans in combination with the most critical one of the 
following superimposed loads: 

1. Snow load in accordance with Section 1605.4. 

2. The uniform live load set forth in Table 16-C on all spans. 
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CHAP. 16, DIV. I 
1605.2-1606 1994 UNIFORM BUILDING CODE 

3. A concentrated gravity load of 2,000 pounds (8.9 kN) placed on any span supporting a tributary 
area greater than 200 square feet (18.58 m2) so as to create maximum stress in the member when­
ever this loading creates greater stresses than those caused by the uniform live load. The concen­
trated load shall be placed on the member over a length of 21/z feet (762 mm) along the span. The 
2,000-pound (8.9 kN) load need not be applied to more than one span simultaneoLJsly. 

4. Water accumulation as prescribed in Section 1605.6. 

1605.3 Unbalanced Loading. Unbalanced loads shall be used where such loading will result in 
larger members or connections. Trusses and arches shall be designed to resist the stresses caused by 
unit live loads on one half of the span if such loading results in reverse stresses, or stresses greater in 
any portion than the stresses produced by the required unit live load upon the entire span. For roofs 
whose structures are composed of a stressed shell, framed or solid, wherein stresse> caused by any 
point loading are distributed throughout the area of the shell, the requirements for unbalanced unit 
live load design may be reduced 50 percent. 

1605.4 Snow Loads. Snow loads full or unbalanced shall be considered in place of loads set forth 
in Table 16-C, where such loading will result in larger members or connections. 

I Potential unbalanced accumulation of snow at valleys, parapets, roof structures and offsets in 
roofs of uneven configuration shall be considered. Where snow loads occur, the snow loads shall be 
determined by the building official. 

Snow loads in excess of 20 pounds per square foot (0.96 kN/m2) may be reduced for each degree 
of pitch over 20 degrees by R., as determined by the following formula: 

R = .1.. - l (5-1) 
·' 40 2 

For SI: s R_, = 
40 

- 0.024 

WHERE: 

Rs = snow load reduction in pounds per square foot (kN/m2) per degree of p1 tch over 20 de­
grees. 

S total snow load in pounds per square foot (kN/m2). 

For alternate design procedure see Appendix Chapter 16, Division I. 

1605.5 Special Roof Loadings. Roofs to be used for special purposes shall be designed for appro­
priate loads as approved by the building official. 

Greenhouse roof bars, purlins and rafters shall be designed to carry a 100-pound-minimum 
(444.8 N) concentrated load in addition to the live load. 

1605.6 Water Accumulation. All roofs shall be designed with sufficient slope or camber to as­
sure adequate drainage after the long-time deflection from dead load or shall be designed to support 
maximum loads, including possible ponding of water from any source, including :mow, due to de­
flection. See Section 1608 for deflection criteria. 

SECTION 1606 - REDUCTION OF LIVE LOADS 

The design live load determined using the unit live loads as set forth in Table 16-A for floors and 
Table 16-C, Method 2, for roofs may be reduced on any member supporting more than 150 square 
feet (13.94 m2), including flat slabs, except for floors in places of public assembly and for live loads 
greater than 100 pounds per square foot (4.79 kN/m2), in accordance with the following formula: 

R = r (A - 150) (6-1) 
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For SI: R = r (A - 13.94) ( 0.0~29 ) 
The reduction shall not exceed 40 percent for members receiving load from one level only, 60 

percent for other members, or R as determined by the following formula: 

R = 23.1 (I + D/L) (6-2) 

WHERE: 
A area of floor or roof supported by the member, square feet (m2). 

D dead load per square foot (m2) of area supported by the member. 
L unit live load per square foot (m2) of area supported by the member. 

R reduction in percentage. 
r rate of reduction equal to 0.08 percent for floors. See Table 16-C for roofs. 

For storage live loads exceeding 100 pounds per square foot (4.79 kN/m2), no reduction shall be 
made, except that design live loads on columns may be reduced 20 percent. 

The live load reduction shall not exceed 40 percent in garages for the storage of private pleasure 
cars having a capacity of not more than nine passengers per vehicle. 

SECTION 1607- ALTERNATE FLOOR LIVE LOAD REDUCTION 

As an alternate to Formula (6-1 ), the unit live loads set forth in Table 16-A rna} be reduced in accor­
dance with Formula (7-1) on any member, including flat slabs, having an influence area of 400 
square feet (37.16 m2) or more. 

For SI: 

WHERE: 

L ~ +25 +F.) 
L ~ +25 +/¥,) 

(7-1) 

A1 = influence area, in square feet (square meters). The influence area A1 is four times the tribu­
tary area for a column, two times the tributary area for a beam, equal to the panel area for a 
two-way slab, and equal to the product of the span and the full flange width for a precast 
T-beam. 

L reduced design live load per square foot of area (per square meter of area) supported by the 
member. 

L,, unreduced design live load per square foot of area (per square meter of area) supported by 
the member (Table 16-A). 

The reduced live load shall not be less than 50 percent of the unit live load L,. for members receiv­
ing load from one level only, nor less than 40 percent of the unit live load L,, for other members. 

SECTION 1608 - DEFLECTION 

The deflection of any structural members shall not exceed the values set forth in Table 16-D, based 
on the factors set forth in Table 16-E. The deflection criteria representing the most restrictive condi­
tion shall apply. Deflection criteria for materials not specified shall be developed in a manner con­
sistent with the provisions of this section. See Section 1605.6 for camber requirements. Span tables 
for light wood-frame construction as specified in Sections 2326.8 and 2326.12.2 shall conform to 
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I the design criteria contained therein. (For concrete, see Section 1909.5.2.6; for aluminum, see Sec­
tion 2003.) 

SECTION 1609- SPECIAL DESIGN 

1609.1 General. In addition to the design loads specified in this chapter, the des gn of all struc­
tures shall consider the special loads set forth in Table 16-B and in this section. 

1609.2 Retaining Walls. Retaining walls shall be designed to resist the lateral pressure of the re­
tained material in accordance with accepted engineering practice. Walls retaining drained earth 
may be designed for pressure equivalent to that exerted by a fluid weighing not less than 30 pounds 
per cubic foot (4.71 kN/m3) and having a depth equal to that of the retained earth. Any surcharge 
shall be in addition to the equivalent fluid pressure. 

Retaining walls shall be designed to resist sliding by at least 1.5 times the lateral force and over­
turning by at least 1.5 times the overturning moment. 

1609.3 Heliport and Helistop Landing Areas. In addition to other design requrements of this 
chapter, heliport and helistop landing or touchdown areas shall be designed for the maximum stress 
induced by the following: 

1. Dead load plus actual weight of the helicopter. 

2. Dead load plus a single concentrated impact load covering 1 square foot (0.092 903 m2) of 
0. 75 times the fully loaded weight of the helicopter if it is equipped with hydraulic-type shock ab­
sorbers, or 1.5 times the fully loaded weight of the helicopter if it is equipped with a rigid or 
skid-type landing gear. 

3. The dead load plus a uniform live load of 100 pounds per square foot (4.9 ~~N/m2). There­
quired live load may be reduced in accordance with the formula in Section 1606. 

1609.4 Hydrostatic Uplift. All foundations, slabs and other footings subject to water pressure 
shall be designed to resist a uniformly distributed uplift equal to the full hydrostatic pressure. 

1609.5 Flood-resistant Construction. For flood-resistant construction requirem~nts see Appen­
dix Chapter 31, Division I. 

SECTION 1610- WALLS AND STRUCTURAL FRAMING 

1610.1 General. Walls and structural framing shall be erected true and plumb in accordance with 
the design. 

1610.2 Interior Walls. Interior walls, permanent partitions and temporary partitions which ex­
ceed 6 feet ( 1828 mm) in height shall be designed to resist all loads to which they are subjected but 
not less than a force of 5 pounds per square foot (0.24 kN/m2) applied perpendicular to the walls. 
The deflection of such walls under a load of 5 pounds per square foot (0.24 kN/m2) shall not exceed 
1/240 of the span for walls with brittle finishes and 1/120 of the span for walls with flexible finishes. 
See Table 16-0 for earthquake design requirements where such requirements are more restrictive. 

EXCEPTION: Flexible, folding or portable partitions are not required to meet the load and deflection cri­
teria but must be anchored to the supporting structure to meet the provisions of this code. 

SECTION 1611 -ANCHORAGE OF CONCRETE OR MASONRY WALLS 

Concrete or masonry walls shall be anchored to all floors, roofs and other structural elements which 
provide required lateral support for the wall. Such anchorage shall provide a positive direct connec­
tion capable of resisting the horizontal forces specified in this chapter or a minimiJm force of 200 
pounds per lineal foot (2.92 N/mm) of wall, whichever is greater. Walls shall be d<~signed to resist 
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bending between anchors where the anchor spacing exceeds 4 feet (1220 mm). Required anchors in 
masonry walls of hollow units or cavity walls shall be embedded in a reinforc,~d grouted structural 
element of the wall. See Sections 1630, 1631.2.8 and 1631.2.9. 

SECTION 1612- PREFABRICATED CONSTRUCTION 

1612.1 Connections. Every device used to connect prefabricated assemblies shall be designed as I 
required by this code and be capable of developing the strength of the members connected, except in 
the case of members forming part of a structural frame designed as specified in this chapter. Con­
nections shall be capable of withstanding uplift force as specified in this chapter. 

1612.2 Pipes and Conduit. In structural design, due allowance shall be made for any material to 
be removed for the installation of pipes, conduits or other equipment. 

1612.3 Tests and Inspections. See Section 1704 for requirements for tests and inspections of pre- I 
fabricated construction. 
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Every building or structure and every portion thereof shall be designed and constructed to resist the 
wind effects determined in accordance with the requirements of this section. Wind s h.all be assumed 
to come from any horizontal direction. No reduction in wind pressure shall be taken for the shield­
ing effect of adjacent structures. 

Structures sensitive to dynamic effects, such as buildings with a height-to-widh ratio greater 
than five, structures sensitive to wind-excited oscillations, such as vortex shedding or icing, and 
buildings over 400 feet (121.9 m) in height, shall be, and any structure may be, de:;igned in accor­
dance with approved national standards. 

The provisions of this section do not apply to building and foundation systems in those areas sub­
ject to scour and water pressure by wind and wave action. Buildings and foundation:; subject to such 
loads shall be designed in accordance with approved national standards. 

SECTION 1614- DEFINITIONS 

The following definitions apply only to this part: 

BASIC WIND SPEED is the fastest-mile wind speed associated with an annual probability of 
0.02 measured at a point 33 feet (10 000 mm) above the ground for an area having exposure catego­
ry c. 

I EXPOSURE B has terrain with buildings, forest or surface irregularities, covering at least 20 
percent of the ground level area extending 1 mile (1.61 km) or more from the site. 

EXPOSURE C has terrain which is flat and generally open, extending one-half mile (0.81 km) or 
more from the site in any full quadrant. 

EXPOSURE D represents the most severe exposure in areas with basic wind speeds of 80 miles 
per hour (mph) (129 krnlh) or greater and has terrain which is flat and unobstructed facing large 
bodies of water over one mile (1.61 km) or more in width relative to any quadram of the building 
site. Exposure D extends inland from the shoreline 1/4 mile (0.40 km) or 10 times the building 
height, whichever is greater. 

FASTEST-MILE WIND SPEED is the wind speed obtained from wind velocity maps prepared 
by the National Oceanographic and Atmospheric Administration and is the highesl sustained aver­
age wind speed based on the time required for a mile-long sample of air to pass '' fixed point. 

OPENINGS are apertures or holes in the exterior wall boundary of the structure. All windows or 
doors or other openings shall be considered as openings unless such openings and their frames are 
specifically detailed and designed to resist the loads on elements and componen1s in accordance 
with the provisions of this section. 

PARTIALLY ENCLOSED STRUCTURE OR STORY is a structure or story which has more 
than 15 percent of any windward projected area open and in which the area of opening on all other 
projected areas is Jess than half of that on the windward projection. 

SPECIAL WIND REGION is an area where local records and terrain features indicate 50-year 
fastest-mile basic wind speed is higher than shown in Figure 16-1. 

I UNENCLOSED STRUCTURE OR STORY is a structure which has 85 perce1t or more open­
ings on all sides. 

SECTION 1615- SYMBOLS AND NOTATIONS 

The following symbols and notations apply to the provisions of this part. 
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Ce = combined height, exposure and gust factor coefficient as given in Table 16-G. 
Cq = pressure coefficient for the structure or portion of structure under cc•nsideration as given 

in Table 16-H. 
lw = importance factor as set forth in Table 16-K. I 
P = design wind pressure. 

q.v = wind stagnation pressure at the standard height of 33 feet (10 000 mm) as set forth in Table 
16-F. 

SECTION 1616- BASIC WIND SPEED 

The minimum basic wind speed at any site shall not be less than that shown in Figure 16-1. For those 
areas designated in Figure 16-1 as special wind regions and other areas whew local records or ter­
rain indicate higher 50-year (mean recurrence interval) fastest-mile wind speeds, these higher val­
ues shall be the minimum basic wind speeds. 

SECTION 1617 - EXPOSURE 

An exposure shall be assigned at each site for which a building or structure ts to be designed. 

SECTION 1618- DESIGN WIND PRESSURES 

Design wind pressures for buildings and structures and elements therein shall be determined for any I 
height in accordance with the following formula: 

P = C, Cq qJw (18-1) 

SECTION 1619- PRIMARY FRAMES AND SYSTEMS 

1619.1 General. The primary frames or load-resisting system of every structure shall be designed 
for the pressures calculated using Formula (18-1) and the pressure coefficients, Cq, of either Meth­
od 1 or Method 2. In addition, design of the overall structure and its primary load-resisting system 
shall conform to Section 1603. 

The base overturning moment for the entire structure, or for any one of i:s individual primary 
lateral-resisting elements, shall not exceed two thirds of the dead-load-resi~ting moment. For an 
entire structure with a height-to-width ratio of 0.5 or less in the wind direction and a maximum 
height of 60 feet ( 18 290 mm), the combination of the effects of uplift and overturning may be re­
duced by one third. The weight of earth superimposed over footings may be used to calculate the 
dead-load-resisting moment. 

1619.2 Method 1 (Normal Force Method). Method 1 shall be used for the design of gabled rigid 
frames and may be used for any structure. In the Normal Force Method, the wind pressures shall be 
assumed to act simultaneously normal to all exterior surfaces. For pressures on roofs and leeward 
walls, Ce shall be evaluated at the mean roof height. 

1619.3 Method 2 (Projected Area Method). Method 2 may be used for any structure less than 
200 feet (60 960 mm) in height except those using gabled rigid frames. This method may be used in 
stability determinations for any structure less than 200 feet (60 960 mm) high. In the Projected Area 
Method, horizontal pressures shall be assumed to act upon the full vertical projected area of the 
structure, and the vertical pressures shall be assumed to act simultaneously upon the full horizontal 
projected area. 

SECTION 1620- ELEMENTS AND COMPONENTS OF STRUCTURES 

Design wind pressures for each element or component of a structure shall be determined from For­
mula ( 18-1) and Cq values from Table 16-H, and shall be applied perpendicular to the surface. For 
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outward acting forces the value of Ce shall be obtained from Table 16-G based on the mean roof 
height and applied for the entire height of the structure. Each element or compon~nt shall be de­
signed for the more severe of the following loadings: 

I. The pressures determined using Cq values for elements and components acting over the entire 
tributary area of the element. 

2. The pressures determined using Cq values for local areas at discontinuities wch as comers, 
ridges and eaves. These local pressures shall be applied over a distance from a discontinuity of I 0 
feet (3048 mm) or 0.1 times the least width of the structure, whichever is less. 

The wind pressures from Sections 1619 and 1620 need not be combined. 

SECTION 1621 -OPEN-FRAME TOWERS 

Radio towers and other towers of trussed construction shall be designed and constructed to with­
stand wind pressures specified in this section, multiplied by the shape factors set forth in Table 
16-H. 

SECTION 1622- MISCELLANEOUS STRUCTURES 

Greenhouses, lath houses, agricultural buildings or fences 12 feet (3658 mm) or le~s in height shall 
be designed in accordance with Division II, Chapter 16. However, three fourths or q·" but not less 
than 10 pounds per square foot (0.48 kN/m2), may be substituted for qs in Formula (18-1 ). Pressures 
on local areas at discontinuities need not be considered. 

SECTION 1623- OCCUPANCY CATEGORIES 

For the purpose of wind-resistant design, each structure shall be placed in one or the occupancy 
categories listed in Table 16-K. Table 16-K lists importance factors, lw, for each category. 
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Division Ill-EARTHQUAKE DESIGN 

SECTION 1624- GENERAL 

CHAP.16, DIV.III 
1624-1625 

1624.1 Minimum Seismic Design. Structures and portions thereof shall, a:; a minimum, be de­
signed and constructed to resist the effects of seismic ground motions as pro·tided in this section. 

1624.2 Seismic and Wind. When the code-prescribed wind design produces greater effects, the 
wind design shall govern, but detailing requirements and limitations prescribed in this and refer­
enced sections shall be followed. 

SECTION 1625- DEFINITIONS 

For the purposes of this section certain terms are defined as follows: 

BASE is the level at which the earthquake motions are considered to be im~ arted to the structure 
or the level at which the structure as a dynamic vibrator is supported. 

BASE SHEAR, V, is the total design lateral force or shear at the base of a structure. 

BEARING WALL SYSTEM is a structural system without a complete vertical load-carrying 
space frame. See Section 1627.6.2. 

BOUNDARY ELEMENT is an element at edges of openings or at perimeters of shear walls or 
diaphragms. 

BRACED FRAME is an essentially vertical truss system of the concentric or eccentric type 
which is provided to resist lateral forces. 

BUILDING FRAME SYSTEM is an essentially complete space frame which provides support 
for gravity loads. See Section 1627.6.3. 

COLLECTOR is a member or element provided to transfer lateral force:; from a portion of a 
structure to vertical elements of the lateral-force-resisting system. 

CONCENTRICALLY BRACED FRAME is a braced frame in which the members are sub­
jected primarily to axial forces. 

DIAPHRAGM is a horizontal or nearly horizontal system acting to transm 1t lateral forces to the 
vertical resisting elements. The term "diaphragm" includes horizontal bracing systems. 

DIAPHRAGM CHORD is the boundary element of a diaphragm or shear wall which is as­
sumed to take axial stresses analogous to the flanges of a beam. 

DIAPHRAGM STRUT (drag strut, tie, collector) is the element of a diaphragm parallel to the 
applied load which collects and transfers diaphragm shear to the vertical resi~.ting elements or dis­
tributes loads within the diaphragm. Such members may take axial tension or compression. 

DRIFT. See "story drift." 

DUAL SYSTEM is a combination of moment-resisting frames and shear walls or braced frames I 
designed in accordance with the criteria of Section 1627.6.5. 

ECCENTRICALLY BRACED FRAME (EBF) is a steel-braced frame designed in confor­
mance with Section 2211.10. 

ESSENTIAL FACILITIES are those structures which are necessary for emergency operations 
subsequent to a natural disaster. 

FLEXIBLE ELEMENT or system is one whose deformation under lateral load is significantly 
larger than adjoining parts of the system. Limiting ratios for defining specific flexible elements are 
set forth in Section 1628.5 or 1630.2. I 

HORIZONTAL BRACING SYSTEM is a horizontal truss system that serves the same func­
tion as a diaphragm. 
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INTERMEDIATE MOMENT-RESISTING FRAME (IMRF) is a concrete frame designed 
in accordance with Section 1921.8. 

LATERAL-FORCE-RESISTING SYSTEM is that part of the structural system assigned to 
resist lateral forces. 

MOMENT-RESISTING FRAME is a frame in which members and joints are capable of resist-
ing forces primarily by flexure. 

I 
MOMENT-RESISTING WALL FRAME (MRWF) is a masonry wall frame especially de­

tailed to provide ductile behavior and designed in conformance with Section 2Im.2.5. 

ORDINARY BRACED FRAME (OBF) is a steel-braced frame designed in accordance with 
the provisions of Section 2211.8 or 2212.6, or concrete-braced frame designed in Lccordance with 
Section 1921. 

ORDINARY MOMENT-RESISTING FRAME (OMRF) is a moment-resi ;ting frame not 
meeting special detailing requirements for ductile behavior. 

ORTHOGONAL EFFECTS are the effects on structural elements common to t:1e resisting sys­
tems along two orthogonal axes due to earthquake forces acting in a direction other than those axes. 

P~ EFFECT is the secondary effect on shears, axial forces and moments of frame members in­
duced by the vertical loads acting on the laterally displaced building frame. 

SHEAR WALL is a wall designed to resist lateral forces parallel to the plane of the wall (some­
times referred to as a vertical diaphragm). 

SOFT STORY is one in which the lateral stiffness is less than 70 percent of the: stiffness of the 
story above. See Table 16-L. 

SPACE FRAME is a three-dimensional structural system, without bearing walls, composed of 
members interconnected so as to function as a complete self-contained unit with or without the aid 
of horizontal diaphragms or floor-bracing systems. 

I SPECIAL CONCENTRICALLY BRACED FRAME (SCBF) is a steel-braced frame de­
signed in conformance with the provisions of Section 2211.9. 

SPECIAL MOMENT-RESISTING FRAME (SMRF) is a moment-resisting frame specially 
detailed to provide ductile behavior and comply with the requirements given in Chapter 19 or 22. 

STORY is the space between levels. Story xis the story below Level x. 

STORY DRIFT is the displacement of one level relative to the level above or below. 

STORY DRIFT RATIO is the story drift divided by the story height. 

STORY SHEAR, Vx, is the summation of design lateral forces above the story under consider-
ation. 

I STRENGTH is the capacity of an element or a member to resist factored load as specified in 
Chapters 16, 19, 21 and 22. 

STRUCTURE is an assemblage of framing members designed to support grav ty loads and re-
sist lateral forces. Structures may be categorized as building structures or nonbuilding structures. 

I SUBDIAPHRAGM is a portion of a larger wood diaphragm designed to anchor and transfer lo­
cal forces to primary diaphragm struts and the main diaphragm. 

VERTICAL-LOAD-CARRYING FRAME is a space frame designed to carry 11l vertical grav-
ity loads. 

WEAK STORY is one in which the story strength is less than 80 percent of l.hat of the story 
above. See Table 16-L. 
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1626 

Ac the combined effective area, in square feet (m2), of the shear walls in the first story of the 
structure. 

Ae the minimum cross-sectional shear area in any horizontal plane in the first story, in square 
feet (m2), of a shear wall. 

Ax the torsional amplification factor at Level x. 

C = numerical coefficient specified in Section 1628.2.1. 

Cp numerical coefficient specified in Section 1630 and given in Table 16-0. 

C1 = numerical coefficient given in Section 1628.2.2. 

De the length, in feet (m), of a shear wall in the first story in the direction parallel to the applied 
forces. 

DL 

E 

dead load on a structural element. 

load due to an earthquake on a structural element. 

F;, Fn, Fx = lateral force applied to Level i, n, or x, respectively. 

Fp lateral forces on a part of the structure. 

F1 that portion of the base shear, V, considered concentrated at the top of the structure in addi­
tion to Fn. 

f; lateral force at Level i for use in Formula (28-5). 

g acceleration due to gravity. 

h;, hn, hx = height in feet (m) above the base to Level i, n, or x, respectively. 

I importance factor given in Table 16-K. 

lp 

LL 

Level i 

Leveln 

Levelx 

importance factor specified in Section 1630.2. 

live load on a structural element. 

level of the structure referred to by the subscript i. "i = I" designates t.1e first level above the 
base. 

that level which is uppermost in the main portion of the structure. 

that level which is under design consideration. "x = I" designates the first level above the 
base. 

numerical coefficient given in Tables 16-N and 16-P. 

S = site coefficient for soil characteristics given in Table 16-J. 

T 

v 

Wj,Wx 

fundamental period of vibration, in seconds, of the structure in the direction under consider-
ation. 

the total design lateral force or shear at the base. 

the design story shear in Story x. 

the total seismic dead load defined in Section 1628.1. 

the weight of an element or component. 

that portion of W which is located at or is assigned to Level i or x, respectively. 

the weight of the diaphragm and the elements tributary thereto at Level x, including applica­
ble portions of other loads defined in Section 1628.1. 

Z = seismic zone factor given in Table 16-1. 

oi horizontal displacement at Level i relative to the base due to applied· ateral forces, f. for use 
in Formula (28-5). 
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SECTION 1627- CRITERIA SELECTION 
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1627.1 Basis for Design. The procedures and limitations for the design of structures shall be de­
termined considering zoning, site characteristics, occupancy, configuration, structlral system and 
height in accordance with this section. The minimum design seismic forces shall be those deter­
mined in accordance with the static lateral force procedure of Section 1628 except as modified by 
Section 1629.5.3. One- and two-family dwellings in Seismic Zone I need not conform to the provi­
sions of this section. 

1627.2 Seismic Zones. Each site shall be assigned to a seismic zone in accordance with Figure 
16-2. Each structure shall be assigned a zone factor, Z, in accordance with Table 16-1. 

1627.3 Site Geology and Soil Characteristics. Soil profile type and site coefficient, S, shall be 
established in accordance with Table 16-J. 

1627.4 Occupancy Categories. For purposes of earthquake-resistant design, each structure shall 
be placed in one of the occupancy categories listed in Table 16-K. Table 16-K lists importance fac­
tors, /, and review requirements for each category. 

1627.5 Configuration Requirements. 

1627.5.1 General. Each structure shall be designated as being structurally regular or irregular. 

1627.5.2 Regular structures. Regular structures have no significant physical discontinuities in 
plan or vertical configuration or in their lateral-force-resisting systems such as the iJTegular features 
described below. 

1627.5.3 Irregular structures. 

I. Irregular structures have significant physical discontinuities in configuration or in their lateral 
force-resisting systems. Irregular features include, but are not limited to, those des~ribed in Tables 
16-L and 16-M. Structures in Seismic Zone I and in Occupancy Category 4 in Seismic Zone 2 need 
be evaluated only for vertical irregularities of Type 5 (Table 16-L) and horizontal irregularities of 
Type I (Table 16-M). 

2. Structures having one or more of the features listed in Table 16-L shall be designated as if hav­
ing a vertical irregularity. 

EXCEPTION: Where no story drift ratio under design lateral forces is greater than 1.3 cimes the story drift 
ratio of the story above the structure may be deemed to not have the structural irregularities of Type I or 2 in 
Table 16-L. The story drift ratio for the top two stories need not be considered. The story drifts for this determi­
nation may be calculated neglecting torsional effects. 

3. Structures having one or more of the features listed in Table 16-M shall be designated as having 
a plan irregularity. 

1627.6 Structural Systems. 

1627.6.1 General. Structural systems shall be classified as one of the types listed in Table 16-N 
and defined in this subsection. 

1627.6.2 Bearing wall system. A structural system without a complete vertical load-carrying 
space frame. Bearing walls or bracing systems provide support for all or most gravity loads. Resis­
tance to lateral load is provided by shear walls or braced frames. 

1627.6.3 Building frame system. A structural system with an essentially complete space frame 
providing support for gravity loads. Resistance to lateral load is provided by shear walls or braced 
frames. 

1627.6.4 Moment-resisting frame system. A structural system with an essentially complete 
space frame providing support for gravity loads. Moment-resisting frames provide :esistance to lat­
eralload primarily by flexural action of members. 
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1627.6.5 Dual system. A structural system with the following features: 

I. An essentially complete space frame which provides support for gravit~' loads. 

2. Resistance to lateral load is provided by shear walls or braced frames and moment-resisting 
frame (SMRF, IMRF or steel OMRF). The moment-resisting frames shall be designed to indepen­
dently resist at least 25 percent of the design base shear. 

3. The two systems shall be designed to resist the total design base shear in proportion to their 
relative rigidities considering the interaction of the dual system at all levels. 

1627.6.6 Undefined structural system. A structural system not listed in Table 16-N. 

1627.6.7 Nonbuilding structural system. A structural system conforming to Section 1632. 

1627.7 Height Limits. Height limits for the various structural systems in Seismic Zones 3 and 4 
are given in Table 16-N. 

EXCEPTION: Regular structures may exceed these limits by not more than 50 percent for unoccupied 
structures which are not accessible to the general public. 

1627.8 Selection of Lateral-force Procedure. 

1627.8.1 General. Any structure may be, and certain structures defined below shall be, designed 
using the dynamic lateral-force procedures of Section 1629. 

1627.8.2 Static. The static lateral-force procedure of Section 1628 may be used for the following 
structures: 

1. All structures, regular or irregular, in Seismic Zone 1 and in Occupancy Category 4 in Seismic 
Zone 2. 

2. Regular structures under 240 feet (73 152 mm) in height with lateral-force resistance provided 
by systems listed in Table 16-N except where Section 1627.8.3, Item 4, applies. 

3. Irregular structures not more than five stories or 65 feet (19 812 mm) in height. 

4. Structures having a flexible upper portion supported on a rigid lower po1tion where both por­
tions of the structure considered separately can be classified as being regular, I he average story stif­
fness of the lower portion is at least 10 times the average story stiffness of the llpper portion and the 
period of the entire structure is not greater than 1.1 times the period of the upper portion considered 
as a separate structure fixed at the base. 

1627.8.3 Dynamic. The dynamic lateral-force procedure of Section 1629 shall be used for all oth­
er structures, including the following: 

1. Structures 240 feet (73 152 mm) or more in height except as permitted by Section 1627.8.2, 
Item 1. 

2. Structures having a stiffness, weight or geometric vertical irregularity of Type 1, 2 or 3 as de­
fined in Table 16-L or structures having irregular features not described in Table 16-L or 16-M ex­
cept as permitted by Section 1628.3.2. 

3. Structures over five stories or 65 feet (19 812 mm) in height in Seismic Zones 3 and 4 not hav­
ing the same structural system throughout their height except as permitted by Section 1628.3.2. 

4. Structures, regular or irregular, located on Soil Profile Type S4 which have a period greater 
than 0. 7 second. The analysis shall include the effects of the soils at the site and shall conform to 
Section 1629.2, Item 4. 

1627.9 System Limitations. 

1627.9.1 Discontinuity. Structures with a discontinuity in capacity, vertical irregularity Type 5 as 
defined in Table 16-L, shall not be over two stories or 30 feet (9144 mm) in height where the weak 
story has a calculated strength of less than 65 percent of the story above. 
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EXCEPTION: Where the weak story is capable of resisting a total lateral seismic force of 3 (Rw/8) times 
the design force prescribed in Section 1628. 

1627.9.2 Undefined structural systems. Undefined structural systems shall be shown by techni­
cal and test data which establish the dynamic characteristics and demonstrate the lateral-force resis­
tance and energy absorption capacity to be equivalent to systems listed in Table 16-N for equivalent 
Rw values. 

1627.9.3 Irregular features. All structures having irregular features described i11 Table 16-L or 
16-M shall be designed to meet the additional requirements of those sections referenced in the 
tables. 

1627.10 Alternative Procedures. 

1627.10.1 General. Alternative lateral-force procedures using rational analyses based on well­
established principles of mechanics may be used in lieu of those prescribed in these provisions. 

1627.10.2 Seismic isolation. Seismic isolation, energy dissipation and damping systems may be 
used in the design of structures when approved by the building official and when special detailings 
are used to provide results equivalent to those obtained by the use of conventional structural sys­
tems. For alternate design procedures on seismic isolation systems, refer to Appendix Chapter 16, 
Division III, Earthquake Regulations for Seismic-isolated Structures. 

SECTION 1628- MINIMUM DESIGN LATERAL FORCES AND RELATED 
EFFECTS 

1628.1 General. Structures shall be designed for seismic forces coming from any horizontal di­
rection. 

The design seismic forces may be assumed to act noncurrently in the direction of each principal 
axis of the structure, except as required by Section 1631.1. 

Seismic dead load, W. is the total dead load and applicable portions of other loads listed below. 

1. In storage and warehouse occupancies, a minimum of 25 percent of the floor live load shall be 
applicable. 

2. Where a partition load is used in the floor design, a load of not less than 10 pcunds per square 
foot (psf) (0.48 kN/m2) shall be included. 

I 
3. Design snow loads of 30 pounds per square foot (psf) (1.44 kN/m2) or less need not be in­

cluded. Where design snow loads exceed 30 psf (1.44 kN/m2) the design snow load shall be in­
cluded, but may be reduced up to 75 percent where consideration of siting, configuration and load 
duration warrant when approved by the building official. 

4. Total weight of permanent equipment shall be included. 

1628.2 Static Force Procedure. 

1628.2.1 Design base shear. The total design base shear in a given direction sha I be determined 
from the following formula: 

v 

c = 1.25 s 
J'l/3 

(28-1) 

(28-2) 

The value of C need not exceed 2.75 and may be used for any structure without regard to soil type 
or structure period. 
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Except for those provisions where code-prescribed forces are scaled up by 3 (Rw/8) the minimum 
value of the ratio C!Rw shall be 0.075. 

1628.2.2 Structure period. The value of T shall be determined from one of the following 
methods: 

1. Method A: For all buildings, the value T may be approximated from th1~ following formula: 

(28-3) 

WHERE: 
C1 0.035 (0.0853) for steel moment-resisting frames. 
C1 = 0.030 (0.0731) for reinforced concrete moment-resisting frames and eccentrically braced 

frames. 
C1 0.020 (0.0488) for all other buildings. 

Alternatively, the value of C1 for structures with concrete or masonry shear walls may be taken as 

0.11./A: (For SI: 0.0743/ ./A: for A, in m2). 

The value of Ac shall be determined from the following formula: 

(28-4) 

The value of Delhn used in Formula (28-4) shall not exceed 0.9. 

2. Method B: The fundamental period T may be calculated using the stm;tural properties and 
deformational characteristics of the resisting elements in a properly substantiated analysis. This re­
quirement may be satisfied by using the following formula: 

T = 2:rc (28-5) 

The values offi represent any lateral force distributed approximately in accordance with the prin­
ciples of Formulas (28-6), (28-7) and (28-8) or any other rational distribution. The elastic deflec­
tions, 8;, shall be calculated using the applied lateral forces,fi. The value ofT from Method B shall I 
not be over 30 percent greater than the value of T obtained from Method A in S !ismic Zone 4 and 40 
percent in Seismic Zones 1, 2 and 3. 

1628.3 Combinations of Structural Systems. 

1628.3.1 General. Where combinations of structural systems are incorpc•rated into the same 
structure, the requirements of this subsection shall be satisfied. 

1628.3.2 Vertical combinations. The value of Rw used in the design of any story shall be less than 
or equal to the value of Rw used in the given direction for the story above. 

or 

EXCEPTION: This requirement need not be applied to a story where the dead weight above that story 
is less than 10 percent of the total dead weight of the structure. 

Structures may be designed using the procedures of this section under the following conditions: 

1. The entire structure is designed using the lowest Rw of the lateral-force-resisting systems used, 

2. The following two-stage static analysis procedures may be used for structures conforming to 
Section 1627.8.2, Item 4. 

2.1 The flexible upper portion shall be designed as a separate structure, supported laterally 
by the rigid lower portion, using the appropriate value of Rw. 
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2.2 The rigid lower portion shall be designed as a separate structure using the appropriate 
value of Rw. The reactions from the upper portion shall be those detennined from the 
analysis of the upper portion amplified by the ratio of the Rw of the upper portion over the 
Rw of the lower portion. 

1628.3.3 Combinations along different axes. In Seismic Zones 3 and 4 where H structure has a 
bearing wall system in only one direction, the value of Rw used for design in the o1thogonal direc­
tion shall not be greater than that used for the bearing wall system. 

Any combination of bearing wall systems, building frame systems, dual systems or moment­
resisting frame systems may be used to resist seismic forces in structures less than J 60 feet (48 768 
mm) in height. Only combinations of dual systems and special moment-resisting frames shall be 
used to resist seismic forces in structures exceeding 160 feet (48 768 mm) in height in Seismic 
Zones 3 and 4. 

1
1628.3.4 Combinations along the same axes. For other than dual systems, wher'! a combination 
of different structural systems is utilized to resist lateral forces in the same direction, the value of Rw 
used in that direction shall not be greater than the least value of any of the system:; utilized in that 
same direction. 

1628.4 Vertical Distribution of Force. The total force shall be distributed over the height of the 
structure in conformance with Formulas (28-6), (28-7) and (28-8) in the absence of a more rigorous 
procedure. 

n 

v = F, + L F; (28-6) 
i=l 

The concentrated force F1, at the top, which is in addition to Fn, shall be determined from the 
formula: 

F, = 0.01TV (28-7) 

The value ofT used for the purpose of calculating F1 may be the period that com sponds with the 
design base shear as computed using Formula (28-1 ). F1 need not exceed 0.25V and may be consid­
ered as zero where Tis 0. 7 second or less. The remaining portion of the base shear shall be distrib­
uted over the height of the structure, including Level n, according to the following formula: 

F = (V - F,) Wx hx 
x n 

L W;h; 
(28-8) 

i=l 

At each level designated as x, the force Fx shall be applied over the area of the building in accor­
dance with the mass distribution at that level. Stresses in each structural element shall be calculated 
as the effect of forces Fx and F1 applied at the appropriate levels above the base. 

1628.5 Horizontal Distribution of Shear. The design story shear, Vx, in any stc~ry is the sum of 
the forces F1 and Fx above that story. Vx shall be distributed to the various elemenl.s of the vertical 
lateral-force-resisting system in proportion to their rigidities, considering the rigidity of the dia­
phragm. See Section 1631.2.4 for rigid elements that are not intended to be part of the lateral-force­
resisting systems. 

I Where diaphragms are not flexible, the mass at each level shall be assumed to be displaced from 
the calculated center of mass in each direction a distance equal to 5 percent of the building dimen­
sion at that level perpendicular to the direction of the force under consideration. The effect of this 
displacement on the story shear distribution shall be considered. 

I Diaphragms shall be considered flexible for the purposes of distribution of stmy shear and tor­
sional moment when the maximum lateral deformation of the diaphragm is more thm two times the 
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average story drift of the associated story. This may be determined by comparing the computed 
midpoint in-plane deflection of the diaphragm itself under lateral load with the story drift of adjoin­
ing vertical-resisting elements under equivalent tributary lateral load. 

1628.6 Horizontal Torsional Moments. Provisions shall be made for the increased shears result­
ing from horizontal torsion where diaphragms are not flexible. The most sevt~re load combination 
for each element shall be considered for design. 

The torsional design moment at a given story shall be the moment resulting from eccentricities 
between applied design lateral forces at levels above that story and the vertical resisting elements in 
that story plus an accidental torsion. 

The accidental torsional moment shall be determined by assuming the ma>s is displaced as re­
quired by Section 1628.5. 

Where torsional irregularity exists, as defined in Table 16-M, the effects shall be accounted for by 
increasing the accidental torsion at each level by an amplification factor, Ax, determined from the 
following formula: 

A = [ O max ]

2 

x 1.2 Oavg (28-9) 

WHERE: 
oavg = the average of the displacements at the extreme points of the structure at Level x. 

Omax = the maximum displacement at Level x. 

The value of Ax need not exceed 3.0. 

1628.7 Overturning. 

1628.7.1 General. Every structure shall be designed to resist the overturning effects caused by 
earthquake forces specified in Section 1628.4. At any level, the overturning moments to be resisted 
shall be determined using those seismic forces (F1 and Fx) which act on levels above the level under 
consideration. At any level, the incremental changes of the design overturning moment shall be dis­
tributed to the various resisting elements in the manner prescribed in Section 1628.5. Overturning 
effects on every element shall be carried down to the foundation. See Sectior 1631 for combining 
gravity and seismic forces. 

1628.7.2 Seismic Zones 3 and 4. In Seismic Zones 3 and 4, where a lateral bad-resisting element 
is discontinuous, such as for vertical irregularity Type 4 in Table 16-L or plan irregularity Type 4 in 
Table 16-M, columns supporting such elements shall have the strength to resist the axial force re­
sulting from the following load combinations, in addition to all other applicable load combinations: 

1.0 DL + 0.8 LL + 3 (Rw/8)£ 

0.85 DL ± 3 (Rw/8)£ 

1. The axial forces in such columns need not exceed the capacity of other elements of the structure 
to transfer such loads to the column. 

2. Such columns shall be capable of carrying the above-described axial forces without exceeding 
the axial load strength of the column. For designs using working stress methods this capacity may 
be determined using an allowable stress increase of 1.7. 

3. Such columns shall meet the following detailing or member limitatiom.: 

Chapter 19, Section 1921.4, for concrete, and Chapter 22, Section 2211.5, fer steel in structures in 
Seismic Zones 3 and 4. 
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Chapter 19, Section 1921.8, for concrete and Chapter 22, Divisions I and IX, sp,~cia1 provisions 
for developing plastic hinges at ultimate loading, for steel in structures in Seismic Zone 2. 

1628.7.3 At foundation. See Section 1809.4 for overturning moments to be resi!ted at the foun­
dation soil interface. 

1628.8 Story Drift Limitation. 

1628.8.1 Defined. Story drift is the displacement of one level relative to the level above or below 
due to the design lateral forces. Calculated drift shall include deflections due to translation and tor­
sional effects. 

1628.8.2 Calculated. Calculated story drift shall not exceed 0.04/Rw or 0.005 times the story 
height for structures having a fundamental period of less than 0.7 second. For structures having a 
fundamental period of 0.7 second or greater, the calculated story drift shall not ex,;eed 0.03/Rw or 
0.004 times the story height. 

EXCEPTIONS: I. These drift limits may be exceeded when it is demonstrated that greater drift can be 
tolerated by both structural elements and nonstructural elements that could affect life safdy. 

2. There shall be no drift limit in single-story steel-framed structures classified as Group; B, F and S Occu­
pancies or Group H, Division 4 or 5 Occupancies. In Groups B, F and S Occupancies, tht~ primary use shall 
be limited to storage, factories or workshops. Minor accessory uses shall be allowed in accordance with the 
provisions of Section 302. Structures on which this exception is used shall not have equipment attached to the 
structural frame or shall have such equipment detailed to accommodate the additional dri 1. Walls which are 
laterally supported by the steel frame shall be designed to accommodate the drift in accordance with Section 
1631.2.4. 

1628.8.3 Deriving forces. The design lateral forces used to determine the calculated drift may be 
derived from a value of C based on the period determined from Formula (28-5) neglecting the Iower-

1 bound ratio for C!Rw of 0.075 of Section 1628.2.1 and the limitations of Section 1528.2.2, Item 2. 

1628.9 P ~Effects. The resulting member forces and moments and the story drifts induced by P ~ 
effects shall be considered in the evaluation of overall structural frame stability. P ~ need not be 
considered when the ratio of secondary moment to primary moment does not exceed 0.1 0; the ratio 
may be evaluated for any story as the product of the total dead, floor live load and snow load, as 
required in Section 1603.6, above the story times the seismic drift in that story divided by the prod­
uct of the seismic shear in that story times the height of that story. In Seismic Zones 3 and 4, P ~ need 
not be considered where the story drift ratio does not exceed 0.02/Rw. 

1628.10 Vertical Component. The following requirements apply in Seismic Zores 3 and 4 only. 

I Horizontal cantilever components shall be designed for a net upward force of 0.5 Z Wp. 

In addition to all other applicable load combinations, horizontal prestressed components shall be 
designed using not more than 50 percent of the dead load for the gravity load, alone or in combina­
tion with the lateral force effects. 

SECTION 1629- DYNAMIC LATERAL-FORCE PROCEDURES 

1629.1 General. Dynamic analyses procedures, when used, shall conform to the criteria estab­
lished in this section. The analysis shall be based on an appropriate ground motion representation 
and shall be performed using accepted principles of dynamics. Structures which are designed in 
accordance with this section shall comply with all other applicable requirements of these provi­
sions. 

1629.2 Ground Motion. The ground motion representation shall, as a minimum, be one having a 
10 percent probability of being exceeded in 50 years and may be one of the following: 

1. The normalized response spectrum given in Figure 16-3. 

2. A site-specific response spectrum based on the geologic, tectonic, seismologic and soil char­
acteristics associated with the specific site. The spectrum shall be developed for a damping ratio of 
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0.05 unless a different value is shown to be consistent with the anticipated structural behavior at the 
intensity of shaking established for the site. 

3. Ground motion time histories developed for the specific site shall be representative of actual 
earthquake motions. Response spectra from time histories, either individually or in combination, 
shall approximate the site design spectrum conforming to Section 1629.2, lt<!m 2. 

4. For structures on Soil Profile Type S4, the following requirements shall apply when required 
by Section 1627.8.3, Item 4: 

4.1 The ground motion representation shall be developed in accordance with Items 2 and 3 
above. 

4.2 Possible amplification of building response due to the effects of soil-structure interaction 
and lengthening of building period caused by inelastic behavior shall be considered. 

4.3 The base shear determined by these procedures may be reduced to a design base shear, V, 
by dividing by a factor not greater than the appropriate Rw factor lor the structure. 

5. The vertical component of ground motion may be defined by scaling coTesponding horizon­
tal accelerations by a factor of two thirds. Alternative factors may be used when substantiated by 
site-specific data. 

1629.3 Mathematical Model. A mathematical model of the physical structne shall represent the 
spatial distribution of the mass stiffness of the structure to an extent which is adequate for the calcu­
lation of the significant features of its dynamic response. A three-dimensiona I model shall be used 
for the dynamic analysis of structures with highly irregular plan configurations such as those having 
a plan irregularity defined in Table 16-M and having a rigid or semirigid diaphragm. 

1629.4 Description of Analysis Procedures. 

1629.4.1 Response spectrum analysis. An elastic dynamic analysis of a structure utilizing the 
peak dynamic response of all modes having a significant contribution to total structural response. 
Peak modal responses are calculated using the ordinates of the appropriate response spectrum curve 
which correspond to the modal periods. Maximum modal contributions are combined in a statistical 
manner to obtain an approximate total structural response. 

1629.4.2 Time-history analysis. An analysis of the dynamic response of a slructure at each incre­
ment of time when the base is subjected to a specific ground motion time history. 

1629.5 Response Spectrum Analysis. 

1629.5.1 Number of modes. The requirement of Section 1629.4.1 that all significant modes be 
included may be satisfied by demonstrating that for the modes considered, at least 90 percent of the 
participating mass of the structure is included in the calculation of response fer each principal hori­
zontal direction. 

1629.5.2 Combining modes. The peak member forces, displacements, story forces, story shears 
and base reactions for each mode shall be combined by recognized methods. When three-dimen­
sional models are used for analysis, modal interaction effects shall be consid(:red when combining 
modal maxima. 

1629.5.3 Scaling of results. The base shear for a given direction determined using these proce­
dures, when less than the values below, shall be scaled up to these values. 

1. The base shear shall be increased to the following percentage of the value:; determined from the 
procedures of Section 1628: 

1.1 One hundred percent for irregular buildings. 

1.2 Ninety percent for regular buildings, except that the base shear shdl not be less than 80 
percent of that determined from Section 1628 using the period, T. c 1lculated from Meth­
od A. 
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All corresponding response parameters, including deflections, member forces and moments, 
shall be increased proportionately. 

2. The base shear for a given direction determined using these procedures need not exceed that 
required by Item 1 above. All corresponding response parameters may be adjusted proportionately. 

1629.5.4 Directional effects. Directional effects for horizontal ground motion s :1all conform to 
the requirements of Section 1628.1. The effects of vertical ground motions on horizontal cantile­
vers and prestressed elements shall be considered in accordance with Section 1628.10. Alternately, 
vertical seismic response may be determined by dynamic response methods; in n~ case shall the 
response used for design be less than that obtained by the static method. 

1629.5.5 Torsion. The analysis shall account for torsional effects, including accidental torsional 
effects as prescribed in Section 1628.6. Where three-dimensional models are used for analysis, ef­
fects of accidental torsion shall be accounted for by appropriate adjustments in the model such as 
adjustment of mass locations, or by equivalent static procedures such as provided in Section 
1628.6. 

1629.5.6 Dual systems. Where the lateral forces are resisted by a dual system as defined in Sec­
tion 1627.6.5, the combined system shall be capable of resisting the base shear determined in accor­
dance with this section. The moment-resisting frame shall conform to Section 1627 .6.5, Item 2 and 
may be analyzed using either the procedures of Section 1628.4 or those of Section 1629.5. 

1629.6 Time-history Analysis. Time-history analyses shall meet the requirements of Section 
1627.10. 

SECTION 1630- LATERAL FORCE ON ELEMENTS OF STRUCTURES, 
NONSTRUCTURAL COMPONENTS AND EQUIPMENT SUPPORTED ElY 
STRUCTURES 

1630.1 General. Elements of structures and their attachments, permanent nonstmctural compo­
nents and their attachments, and the attachments for permanent equipment support(:d by a structure 
shall be designed to resist the total design seismic forces prescribed in Section 163C .2. Attachments 
for floor- or roof-mounted equipment weighing less than 400 pounds (181 kg), and furniture need 
not be designed. 

Attachments shall include anchorages and required bracing. Friction resulting from gravity loads 
shall not be considered to provide resistance to seismic forces. 

When the structural failure of the lateral force-resisting systems of nonrigid equipment would 
cause a life hazard, such systems shall be designed to resist the seismic forces prescribed in Section 

• 1630.2. 

When allowable design stresses and other acceptance criteria are not contained in or referenced 
by this code, such criteria shall be obtained from approved national standards. 

J 
1630.2 Design for Total Lateral Force. The total design lateral seismic force, Fj .. shall be deter­
mined from the following formula: 

(30-1) 

The values of Z and lp shall be the values used for the structure from Tables 16-1 and 16-K. 

The coefficient CP is for elements and components and for rigid and rigidly supported equipment. 
Rigid or rigidly supported equipment is defined as having a fundamental period less than or equal to 
0.06 second. Nonrigid or flexibly supported equipment is defined as a system having a fundamental 
period, including the equipment, greater than 0.06 second. 

The lateral forces calculated for nonrigid or flexibly supported equipment supported by a struc­
ture and located above grade shall be determined considering the dynamic properties of both the 
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equipment and the structure which supports it, but the value shall not be less than that listed in Table 
16-0. In the absence of an analysis or empirical data, the value of Cp for nomigid or flexibly sup­
ported equipment located above grade on a structure shall be taken as twice the value listed in Table 
16-0, but need not exceed 2.0. 

EXCEPTION: Piping, dueling and conduit systems which are constructed of ductile materials and con­
nections may use the values of Cp from Table 16-0. 

The value of Cp for elements, components and equipment laterally self-st.pported at or below 
ground level may be two thirds of the value set forth in Table 16-0. Howev•!r, the design lateral 
forces for an element or component or piece of equipment shall not be less than would be obtained 
by treating the item as an independent structure and using the provisions of Section 1632. 

The design lateral forces determined using Formula (30-1) shall be distributed in proportion to 
the mass distribution of the element or component. 

Forces determined using Formula (30-1) shall be used to design members ar d connections which 
transfer these forces to the seismic-resisting systems. 

For applicable forces in connectors for exterior panels and diaphragms, refer to Sections 
1631.2.4 and 1631.2.9. 

Forces shall be applied in the horizontal directions, which result in the mos: critical loadings for 
design. 

1630.3 Specifying Lateral Forces. Design specifications for equipment shall either specify the 
design lateral forces prescribed herein or reference these provisions. 

1630.4 Relative Motion of Equipment Attachments. For equipment in Categories 1 and 2 
buildings as defined in Table 16-K, the lateral-force design shall consider the effects of relative mo- I 
tion of the points of attachment to the structure (drift). 

1630.5 Alternative Designs. Where an approved national standard or appro•1ed physical test data 
provide a basis for the earthquake-resistant design of a particular type of equipment or other non­
structural component, such a standard or data may be accepted as a basis for de ;ign of the items with 
the following limitations: 

1. These provisions shall provide minimum values for the design of the anc 1orage and the mem­
bers and connections which transfer the forces to the seismic-resisting systen. 

2. The force, Fp, and the overturning moment used in the design of the non:;tructural component 
shall not be less than 80 percent of the values that would be obtained using 1 hese provisions. 

SECTION 1631- DETAILED SYSTEMS DESIGN REQUIREMENTS 

1631.1 General. All structural framing systems shall comply with the requirements of Section 
1627. Only the elements of the designated seismic-force-resisting system shal I be used to resist de­
sign forces. The individual components shall be designed to resist the prescribed design seismic 
forces acting on them. The components shall also comply with the specific requirements for the 
material contained in Chapters 19 through 23. In addition, such framing syst•!ms and components 
shall comply with the detailed system design requirements contained in Section 1631. 

All building components in Seismic Zones 2, 3 and 4 shall be designed to resist the effects of the 
seismic forces prescribed herein and the effects of gravity loadings from deac, floor live and snow 
loads. 

Consideration shall be given to design for uplift effects caused by seismic loads. For materials 
which use working stress procedures, dead loads shall be multiplied by 0.85 when used to reduce 
uplift. 

In Seismic Zones 2, 3 and 4, provision shall be made for the effects of earthquake forces acting in 
a direction other than the principal axes in each of the following circumstances: 
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The structure has plan irregularity Type 5 as given in Table 16-M. 

The structure has plan irregularity Type 1 as given in Table 16-M for both major axes. 

A column of a structure forms part of two or more intersecting lateral-force-re!.isting systems. 

EXCEPTION: If the axial load in the column due to seismic forces acting in either direction is less than 
20 percent of the column allowable axial load. 

The requirement that orthogonal effects be considered may be satisfied by designing such ele­
ments for 100 percent of the prescribed seismic forces in one direction plus 30 percent of the pre­
scribed forces in the perpendicular direction. The combination requiring the gre 1ter component 
strength shall be used for design. Alternatively, the effects of the two orthogonal directions may be 
combined on a square root of the sum of the squares (SRSS) basis. When the SRSS method of com­
bining directional effects is used, each term computed shall be assigned the sign that will result in 
the most conservative result. 

1631.2 Structural Framing Systems. 

1631.2.1 General. Four types of general building framing systems defined in Section 1627.6 are 
recognized in these provisions and shown in Table 16-N. Each type is subdivided by the types of 
vertical elements used to resist lateral seismic forces. Special framing requirements are given in this 
section and in Chapters 19 through 23. 

1631.2.2 Detailing for combinations of systems. For components common to different structur­
al systems, the more restrictive detailing requirements shall be used. 

1631.2.3 Connections. Connections which resist seismic forces shall be designed and detailed on 
the drawings. 

1631.2.4 Deformation compatibility. All framing elements not required by des gn to be part of 
the lateral-force-resisting system shall be investigated and shown to be adequate for vertical 
load-carrying capacity when displaced 3(Rwl8) times the displacements resulting fwm the required 
lateral forces. P A effects on such elements shall be accounted for. For designs usin:~ working stress 
methods, this capacity may be determined using an allowable stress increase of 1.7. The rigidity of 
adjoining rigid and exterior elements shall be considered as follows: 

1631.2.4.1 Adjoining rigid elements. Moment-resistant frames may be enclosed by or ad­
joined by more rigid elements which would tend to prevent the frame from resisting lateral forces 
where it can be shown that the action or failure of the more rigid elements will not impair the 
vertical and lateral load-resisting ability of the frame. 

1631.2.4.2 Exterior elements. Exterior nonbearing, nonshear wall panels or elements which 
are attached to or enclose the exterior shall be designed to resist the forces per Fotmula (30-1) and 
shall accommodate movements of the structure resulting from lateral forces or temperature 
changes. Such elements shall be supported by means of cast-in-place concrete or by mechanical 
connections and fasteners in accordance with the following provisions: 

1. Connections and panel joints shall allow for a relative movement between stories of not less 
than two times story drift caused by wind, 3(Rwl8) times the calculated elastic story drift 
caused by design seismic forces, or 1h inch (13 mm), whichever is greater. 

2. Connections to permit movement in the plane of the panel for story drift shal be sliding con­
nections using slotted or oversize holes, connections which permit movement by bending of 
steel, or other connections providing equivalent sliding and ductility capacity. 

3. Bodies of connections shall have sufficient ductility and rotation capacity Sl) as to preclude 
fracture of the concrete or brittle failures at or near welds. 

4. The body of the connection shall be designed for one and one-third times the force determined 
by Formula (30-1 ). 
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5. All fasteners in the connecting system such as bolts, inserts, welds and dowels shall be de­
signed for four times the forces determined by Formula (30-1 ). 

6. Fasteners embedded in concrete shall be attached to, or hooked around, reinforcing steel or 
otherwise terminated so as to effectively transfer forces to the reinforcing steel. 

1631.2.5 Ties and continuity. All parts of a structure shall be interconnected and the connections 
shall be capable of transmitting the seismic force induced by the parts being connected. As a mini­
mum, any smaller portion of the building shall be tied to the remainder of the building with elements 
having at least a strength to resist Z/3 times the weight of the smaller portion. 

A positive connection for resisting a horizontal force acting parallel to the member shall be pro­
vided for each beam, girder or truss. This force shall not be less than Z/5 times the dead plus live 
load. 

1631.2.6 Collector elements. Collector elements shall be provided which are capable of transfer­
ring the seismic forces originating in other portions of the building to the element providing the 
resistance to those forces. 

1631.2.7 Concrete frames. Concrete frames required by design to be part of the lateral-force­
resisting system shall conform to the following: 

1. In Seismic Zones 3 and 4 they shall be special moment-resisting frame:;. 

2. In Seismic Zone 2 they shall, as a minimum, be intermediate moment-resisting frames. 

1631.2.8 Anchorage of concrete or masonry walls. Concrete or masomy walls shall be an­
chored to all floors and roofs which provide lateral support for the wall. The anchorage shall pro­
vide a positive direct connection between the wall and floor or roof construction capable of resisting 
the horizontal forces specified in Section 1630 or Section 1611. Requirements for developing an­
chorage forces in diaphragms are given in Section 1631.2.9 below. Diaphragm deformation shall be 
considered in the design of the supported walls. 

1631.2.9 Diaphragms. 

1. The deflection in the plane of the diaphragm shall not exceed the permis:;ible deflection of the 
attached elements. Permissible deflection shall be that deflection which will permit the attached 
element to maintain its structural integrity under the individual loading and continue to support the 
prescribed loads. 

2. Floor and roof diaphragms shall be designed to resist the forces deternined in accordance 
with the following formula: 

n 

F, +IF; 
i =X 

(31-1) n 

I W; 

i =X 

The force Fpx determined from Formula (31-1) need not exceed 0.75 Z I wp_,, but shall not be less 
than 0.35 Z I Wpx· 

When the diaphragm is required to transfer lateral forces from the vertical resisting elements 
above the diaphragm to other vertical resisting elements below the diaphragm due to offset in the 
placement of the elements or to changes in stiffness in the vertical elements, these forces shall be 
added to those determined from Formula (31-1 ). 

3. Design forces for flexible diaphragms, and their connections providin.~ lateral supports for I 
walls or frames of masonry or concrete, shall be calculated using an Rw not to exceed 6. 
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4. Diaphragms supporting concrete or masonry walls shall have continuous ties or struts be­
tween diaphragm chords to distribute the anchorage forces specified in Section 1631.2.8. Added 
chords may be used to form subdiaphragms to transmit the anchorage forces to the main crossties. 

5. Where wood diaphragms are used to laterally support concrete or masonry walls, the anchor­
age shall conform to Section 1631.2.8 above. In Seismic Zones 2, 3 and 4 anchorage shall not be 
accomplished by use of toenails or nails subject to withdrawal, nor shall wood ledge:s or framing be 
used in cross-grain bending or cross-grain tension, and the continuous ties required by Item 4 above 
shall be in addition to the diaphragm sheathing. 

6. Connections of diaphragms to the vertical elements and to collectors and connections of col­
lectors to the vertical elements in structures in Seismic Zones 3 and 4, having a plan irregularity of 
Type 1, 2, 3 or 4 in Table 16-M, shall be designed without considering one-third increase usually 
permitted in allowable stresses for elements resisting earthquake forces. 

7. In structures in Seismic Zones 3 and 4 having a plan irregularity of Type 2 in Table 16-M, 
diaphragm chords and drag members shall be designed considering independent movement of the 
projecting wings of the structure. Each of these diaphragm elements shall be desigr.ed for the more 
severe of the following two assumptions: 

Motion of the projecting wings in the same direction. 

Motion of the projecting wings in opposing directions. 

EXCEPTION: This requirement may be deemed satisfied if the procedures of Section 1629 in conjunc­
tion with a three-dimensional model have been used to determine the lateral seismic forces for design. 

1631.2.10 Framing below the base. The strength and stiffness of the framing between the base 
and the foundation shall not be less than that of the superstructure. The special detailing require­
ments of Chapters 19 and 22, as appropriate, shall apply to columns supporting discontinuous later­
al force-resisting elements and to SMRF, IMRF and EBF system elements below the base which are 
required to transmit the forces resulting from lateral loads to the foundation. 

1631.2.11 Building separations. All structures shall be separated from adjoining structures. Sep-

1 

arations shall allow for 3(Rw/8) times the displacement due to seismic forces. When a structure ad­
joins a property line not common to a public way, that structure shall also be se: back from the 
property line by at least 3(Rw/8) times the displacement of that structure. 

EXCEPTION: Smaller separations or property line setbacks may be permitted when j 1stified by rational 
analyses based on maximum expected ground motions. As a minimum, building separations or property line 
setbacks shall not be less than (Rw/8) ~ I times the sum of displacements due to code-specified seismic forces. 

SECTION 1632- NONBUILDING STRUCTURES 

1632.1 General. 

1632.1.1 Scope. Nonbuilding structures include all self-supporting structures other than build­
ings which carry gravity loads and resist the effects of earthquake. Nonbuilding structures shall be 
designed to resist the minimum lateral forces specified in this section. Design shal: conform to the 
applicable provisions of other sections as modified by the provisions contained in Section 1632. 

1632.1.2 Criteria. The minimum design lateral forces prescribed in this section are at a service 
level (rather than yield or ultimate level). The design of non building structures shall provide suffi­
cient strength and ductility, consistent with the provisions specified herein for bui I dings, to resist 
the effects of seismic ground motions as represented by these design forces. 

When applicable, allowable stresses and other detailed design criteria shall be ob :ained from oth­
er sections or their referenced standards. 

When applicable design stresses and other design criteria are not contained in or referenced by 
this code, such criteria shall be obtained from approved national standards. 
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1632.1.3 Weight W. The weight W for nonbuilding structures shall include all dead load as de­
fined for buildings in Section 1628.1. For purposes of calculating design seismic forces in non­
building structures, W shall also include all normal operating contents for 1tems such as tanks, 
vessels, bins and piping. 

1632.1.4 Period. The fundamental period of the structure shall be determined by rational meth­
ods such as by using Method B in Section 1628.2. 

1632.1.5 Drift. The drift limitations of Section 1628.8 need not apply to nonbuilding structures. 
Drift limitations shall be established for structural or nonstructural elements whose failure would 
cause life hazards. P ~effects shall be considered for structures whose calculated drifts exceed the 
values in Section 1628.8. 

1632.1.6 Interaction effects. In Seismic Zones 3 and 4, structures which wpport flexible non­
structural elements whose combined weight exceeds 25 percent of the weight of the structure shall 
be designed considering interaction effects between the structure and the supported elements. 

1632.2 Lateral Force. Lateral-force procedures for nonbuilding structure~ with structural sys­
tems similar to buildings (those with structural systems which are listed in Table 16-N) shall be se­
lected in accordance with the provisions of Section 1627. 

EXCEPTION: Intermediate moment-resisting frames (IMRF) may be used in Seismic Zones 3 and 4 for 
nonbuilding structures in Occupancy Categories 3 and 4 if (I) the structure is less tl1an 50 feet ( 15 240 mm) 
in height and (2) an Rw = 4.0 is used for design. 

1632.3 Rigid Structures. Rigid structures (those with period Tless than 0.06 second), including I 
their anchorages, shall be designed for the lateral force obtained from Formula (32-1 ). 

V = 0.5ZIW (32-1) 

The force V shall be distributed according to the distribution of mass and shall be assumed to act 
in any horizontal direction. 

1632.4 Tanks with Supported Bottoms. Flat bottom tanks or other tanks with supported bot­
toms, founded at or below grade, shall be designed to resist the seismic force!: calculated using the 
procedures in Section 1632 for rigid structures considering the entire weight 01' the tank and its con­
tents. Alternatively, such tanks may be designed using one of the two procedures described below. 

A response spectrum analysis, which includes consideration of the actual ~round motion antici­
pated at the site and the inertial effects of the contained fluid. 

A design basis prescribed for the particular type of tank by an approved national standard, pro­
vided that the seismic zones and occupancy categories shall be in conformance with the provisions 
of Sections 1627.2 and 1627.4, respectively. 

1632.5 Other Nonbuilding Structures. Nonbuilding structures which are not covered by Sec­
tions 1632.2 and 1632.3 shall be designed to resist minimum seismic lateral forces not less than 
those determined in accordance with the provisions in Section 1628 with tht~ following additions 
and exceptions: 

1. The factor Rw shall be as given in Table 16-P. The ratio C!Rw used for design shall not be less 
than 0.4. I 

2. The vertical distribution of the lateral seismic forces in structures covered by this section may 
be determined by using the provisions of Section 1628.4 or by using the proceoures of Section 1629. 

EXCEPTION: For irregular structures assigned to Occupancy Categories I and 2 which cannot be mod­
eled as a single mass, the procedures of Section 1629 shall be used. 

3. Where an approved national standard provides a basis for the earthquake-resistant design of a 
particular type of nonbuilding structure covered by this Section 1632.4, such a standard may be 
used, subject to the limitations in this section: 
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The seismic zones and occupancy categories shall be in conformance with the provisions of Sec­
tions 1627.5 and 1627.4, respectively. 

The values for total lateral force and total base overturning moment used in design shall not be 
less than 80 percent of the values that would be obtained using these provisions. 

SECTION 1633 - EARTHQUAKE-RECORDING INSTRUMENTATIONS 

For earthquake-recording instrumentations, see Appendix Chapter 16, Division II. 
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TABLE 16-A-UNIFORM AND CONCENTRATED LOADS 
UNIFORM CONCEN-

Lt>AD1 TRATED 

USE OR OCCUPANCY t~~~~~~~ ~~~~~s) 
x 0.)479 for X 0.00448 

Category Description k'llfm2 forkN 

I. Access floor systems Office use so 2,000L 

Computer use 100 2,0002 

2. Armories ISO 0 

3. Assembly areas3 and auditoriums Fixed seating areas so 0 

and balconies therewith Movable seating and other areas 100 0 

Stage areas and enclosed platforms 12S 0 

4. Cornices and marquees 604 0 I 
5. Exit facilities) 100 o6 

6. Garages General storage and/or repair 100 7 

Private or pleasure-type motor vehicle 
storage 50 7 

7. Hospitals Wards and rooms 40 1,0002 

8. Libraries Reading rooms 60 1,0002 

Stack rooms 125 I,S002 

9. Manufacturing Light 7S 2,000l 

Heavy 125 3,000L 

10. Offices 50 2,0002 

II. Printing plants Press rooms ISO 2,5002 

Composing and linotype rooms 100 2,0002 

12. Residential& Basic floor area 40 oo 

Exterior balconies 504 0 

Decks 404 0 I 
13. Restrooms" 

14. Reviewing stands, grandstands, 
bleachers, and folding and 
telescoping seating 100 0 

IS. Roof decks Same as area served or for the type of 
occupancy accommodated 

16. Schools Classrooms 40 1,0002 

17. Sidewalks and driveways Public access 250 I 

18. Storage Light 125 

Heavy 250 

19. Stores 100 3,0002 I 
20. Pedestrian bridges and walkways 100 

I See Section 1606 for live load reductions. 
2See Section 1604.3, first paragraph, for area of load application. 
3 Assembly areas include such occupancies as dance halls, drill rooms, gymnasiums, playgro mds, plazas, terraces and 

similar occupancies which are generally accessible to the public. 
4When snow loads occur that are in excess of the design conditions, the structure shall be designed to support the loads I 

due to the increased loads caused by drift buildup or a greater snow design as determine< I by the building official. 
See Section 160S.4. For special-purpose roofs, see Section 160S.S. 

5Exit facilities shall include such uses as corridors serving an occupant load of 10 or more pe ·sons, exterior exit balco­
nies, stairways, fire escapes and similar uses. 

6Jndividual stair treads shall be designed to support a 300-pound ( 1.33 kN) concentrated oad placed in a position 
which would cause maximum stress. Stair stringers may be designed for the uniform load set forth in the table. 

?see Section 1604.3, second paragraph, for concentrated loads. See Table 16-B for vehicl{ barriers. I 
&Residential occupancies include private dwellings, apartments and hotel guest rooms. 
9Restroom loads shall not be less than the load for the occupancy with which they are associ lied, but need not exceed 

50 pounds per square foot (2.4 kN/m2). 
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TABLE 16-B-5PECIAL LOADS1 

USE VERTICAL LOAD LATERAL LOAD 

Category Description 
(pounds per squure foot unless 

otherwise noted) 

x 0.0479 fur kNfm2 

I. Construction, public access at Walkway, see Section 3303.6 ISO 
site (live load) 

Canopy, see Section 3303.7 ISO 
2. Grandstands, reviewing stands, Seats and footboards 1202 See Footnote 3 

bleachers, and folding and 
telescoping seating (live load) 

3. Stage accessories (live load) Catwalks 40 

Followspot, projection and 50 
control rooms 

4. Ceiling framing (live load) Over stages 20 

All uses except over stages Io4 
5. Partitions and interior walls, see 

Sec. 1609 (live load) 5 

6. Elevators and dumbwaiters (dead 
and live loads) 2 x totalloadss 

7. Mechanical and electrical 
equipment (dead load) Total loads 

8. Cranes (dead and live loads) Total load including impact 1.25 x total 0.10 x total 
increase load6 load7 

9. Balcony railings and guardrails Exit facilities serving an 
occupant load greater than 50 sos 

Other than exit facilities 208 

Components 259 

10. Vehicle barriers See Section 311.2.3.5 6,ooolo 

II. Handrails See Footnote II See Footnote II 
12. Storage racks Over 8 feet (2438 mm) high Total loads 12 See Table 16-0 

13. Fire sprinkler structural support 250 pounds 
(1112 N) plus See Table 16-0 weight of water-
filled pipe13 

14. Explosion exposure Hazardous occupancies, see 
Section 307.10 

I The tabulated loads are minimum loads. Where other vertical loads required by this code or required by the design 
would cause greater stresses, they shall be used. 

2Pounds per lineal foot ( x 14.6 for N/m). 
3Lateral sway bracing loads of24 pounds per foot (350 N/m) parallel and 10 pounds per foot (145.<1 N/m) perpendicu-

olii.. Jar to seat and footboards . 
.,. 4Does not apply to ceilings which have sufficient total access from below, such that access is not ·equired within the 

space above the ceiling. Does not apply to ceilings if the attic areas above the ceiling are not provided with access. 
This live load need not be considered as acting simultaneously with other live loads imposed up<'n the ceiling fram­
ing or its supporting structure. 

5Where Appendix Chapter 30 has been adopted, see reference standard cited therein for additional design require­
ments. 

6The impact factors included are for cranes with steel wheels riding on steel rails. They may be moe ified if substantiat­
ing technical data acceptable to the building official is submitted. Live loads on crane support girders and their con­
nections shall be tal<en as the maximum crane wheel loads. For pendant-operated traveling cn111e support girders 
and their connections, the impact factors shall be 1.1 0. 

7This applies in the direction parallel to the runway rails (longitudinal). The factor for forces perpt:ndicular to the rail 
is 0.20 X the transverse traveling loads (trolley, cab, hooks and lifted loads). Forces shall be applied at top of rail 
and may be distributed among rails of multiple rail cranes and shall be distributed with due refard for lateral stif­
fness of the structures supporting these rails. 

8 A load per lineal foot ( x 14.6 for N/m) to be applied horizontally at right angles to the top rail. 
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FOOTNOTES TO TABLE 16-B-(Continued) 

9Jntermediate rails, panel fillers and their connections shall be capable of withstanding a load of 25 pounds per square I 
foot ( 1.2 kNfm2) applied horizontally at right angles over the entire tributary area, including openings and spaces 
between rails. Reactions due to this loading need not be combined with those of Footnote 8. 

10 A horizontal load in pounds (N) applied at right angles to the vehicle barrier at a height of I:! inches ( 457 mm) above 
the parking surface. The force may be distributed over a !-foot-square (304.8-milimeter· square) area. 

II The mounting of handrails shall be such that the completed handrail and supporting struc ure are capable of with­
standing a load of at least 200 pounds (890 N) applied in any direction at any point on tile rail. These loads shall 
not be assumed to act cumulatively with Item 9. 

12Vertical members of storage racks shall be protected from impact forces of operating equ pment, or racks shall be 
designed so that failure of one vertical member will not cause collapse of more than the hay or bays directly sup­
ported by that member. 

13The 250-pound ( 1.11 kN) load is to be applied to any single fire sprinkler support point but not simultaneously to 
all support joints. 

TABLE 16-C-MINIMUM ROOF LIVE LOADS1 
METHOD 1 METHOD2 

Tributary Loaded Area In Square Feet for 
Any Structural Member 

x 0.0929 for m2 
Uniform 

Oto 200 201 to 600 Over 600 Load2 

Uniform Load (pounds per square foot) 
(pounds per Rata of Maximum 
square foot) Reduc- Raduc-

x 0.0479 for kNim2 lion r tlonR 
ROOF SLOPE (percentage) (percentage) 

I. Flat3 or rise less than 
4 units vertical in 12 
units horizontal 
(33.3% slope). Arch 20 16 12 20 .08 40 
or dome with rise less 
than one eighth of 
span 

2. Rise 4 units vertical 
to less than 12 units 
vertical in 12 units 
horizontal (33% to 
less than I 00% 16 14 12 16 .06 25 
slope). Arch or dome 
with rise one eighth 
of span to less than 
three eighths of span 

3. Rise 12 units vertical 
in 12 units horizontal 
(100% slope) and 
greater. Arch or dome 12 12 12 12 
with rise three 
eighths of span or 
greater 

4. Awnings except cloth 5 5 5 5 No reductions permitted 
covered4 

5. Greenhouses, lath 
houses and 10 10 10 10 
agricultural 
buildings5 

I Where snow loads occur, the roof structure shall be destgned for such loads as determmec by the butldmg offictal. 
See Section 1605.4. For special-purpose roofs, see Section 1605.5. 

2See Section 1606 for live load reductions. The rate of reduction r in Section 1606 Formula ( 6-1) shall be as indicated 
in the table. The maximum reduction R shall not exceed the value indicated in the table. 

I 

3 A flat roof is any roof with a slope of less than 1/4 unit vertical in 12 units horizontal (2% slope). The live load for I 
flat roofs is in addition to the ponding load required by Section 1605.6. 

4 As defined in Section 3206. 
5See Section 1605.5 for concentrated load requirements for greenhouse roof members. 
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TABLE 16-0-MAXIMUM ALLOWABLE DEFLECTION FOR STRUCTURAL ME:MBERS1 

MEMBER LOADED IIIlTH LIVE LOAD 
MEMBER LOADED WITH LIVE LOAD PLUS [·EAD 

TYPE OF MEMBER ONLY (LL.) LOAD (LL. + K.D.L.) 

Roof member supporting 
plaster or floor member U360 U2,•0 

1Suffic1ent slope or camber shall be prov1ded for flat roofs m accordance w1th SectiOn 1605.6. 
L.L.-live load. 
D.L.- dead load. 
K- factor as determined by Table 16-E. 
L- length of member in same units as deflection. 

TABLE 16-E-VALUE OF "K" 

WOOD 
Unseasoned I Seasoned1 REINFORCED CONCRETE2 

1.0 l 0.5 T/(1+50p') 

I Seasoned lumber 1s lumber havmg a mmsture content of less than 16 percent at time of mstallatwn and used under 
dry conditions of use such as in covered structures. 

2See also Section 1909 for definitions and other requirements. 
p' shall be the value at midspan for simple and continuous spans, and at support for cantilever;. Time-dependent 
factor T for sustained loads may be taken equal to: 

five years or more 2.0 
twelve months 1.2 
six months 1.4 
three months 1.0 

TABLE 16-F-WIND STAGNATION PRESSURE (11$) AT 
STANDARD HEIGHT OF 33 FEET (10 058 mm) 

Basic wind speed (mph) I ( x 1.61 for kmlh) I 70 80 90 100 110 

Pressure q., (psf) ( x 0.0479 for kNfm2) I 12.6 16.4 20.8 25.6 31.0 

IWmd speed from Section 1615. 

120 130 

36.9 43.3 

TABLE 16-G-COMBINED HEIGHT, EXPOSURE AND GUST FACTOR COEFFIC:IENT (C8 )1 
HEIGHT ABOVE AVERAGE LEVEL OF 

ADJOINING GROUND (feet) 
x 304.8 for mm EXPOSURE D EXPOSURE C I:XPOSURE B 

0-15 1.39 1.06 0.62 
20 1.45 1.13 0.67 
25 1.50 1.19 0.72 
30 1.54 1.23 0.76 
40 1.62 1.31 0.84 

60 1.73 1.43 0.95 

80 1.81 1.53 1.04 

100 1.88 1.61 1.13 
120 1.93 1.67 1.20 
160 2.02 1.79 1.31 
200 2.10 1.87 1.42 
300 2.23 2.05 1.63 
400 2.34 2.19 1.80 

1Values for intermediate heights above 15 feet (4572 mm) may be interpolated. 
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TABLE 16-H-PRESSURE COEFFICIENTS (Cq) 
STRUCTURE OR PART 

THEREOF DESCRIPTION CqFACTOR 

I. Primary frames and Method I (Normal force method) 
systems Walls: 

Windward wall 0.8 inward 
Leeward wall 0.5 outward 

Roofs1: 
Wind perpendicular to ridge 
Leeward roof or flat roof 0.7 outward 
Windward roof 

less than 2:12 (16.7%) 0.7 outward 
Slope 2:12 (16.7%) to less than 9:12 (75%) 0.9 outward or 

0.3 inward 
Slope 9:12 (75%) to 12:12 (100%) 0.4 inward 
Slope> 12:12 (100%) 0.7 inward 

Wind parallel to ridge and flat roofs 0.7 outward 

Method 2 (Projected area method) I. 3 horizontal any 
On vertical projected area direction 

Structures 40 feet ( 12 192 mm) or less in height 1.4 horizontal any 
Structures over 40 feet (12 192 mm) in height direction 

On horizontal projected area I 0.7 upward 

2. Elements and Wall elements 
components not in areas All structures 1.2 inward 
of discontinuity2 Enclosed and unenclosed structures I 2 outward 

Partially enclosed structures I 6 outward 
Parapets walls I 3 inward or outward 

I 

Roof elements3 
Enclosed and unenclosed structures 
Slope< 7:12 (58.3%) 

I 3 outward Slope 7:12 (58.3%) to 12:12 (100%) 
I 3 outward or inward 

Partially enclosed structures 
Slope< 2:12 (16.7%) I 7 outward 
Slope 2:12 (16.7%) to 7:12 (58.3%) I 6 outward or 

0.8 inward 

I 

Slope> 7:12 (58.3%) to 12:12 (100%) I 7 outward or inward 

3. Elements and Wall corners6 I 5 outward or 1.2 
components in areas of inward 
discontinuities2.4.5 Roof eaves, rakes or ridges without 

overhangs6 
Slope< 2:12 (16.7%) 2 3 upward 
Slope 2:12 (16.7%) to 7:12 (58.3%) 2 6 outward 
Slope> 7:12 (58.3%) to 12:12 (100%) I 6 outward 

For slopes less than 2:12 (16.7%) 
Overhangs at roof eaves, rakes or ridges, and 0 5 added to values 

canopies above 

4. Chimneys, tanks and Square or rectangular I 4 any direction 
solid towers Hexagonal or octagonal I I any direction 

Round or elliptical 0.8 any direction 

5. Open-frame towers7,8 Square and rectangular 
Diagonal 40 
Normal 36 

Triangular 3.2 

6. Tower accessories (such Cylindrical members 
as ladders, conduit, 2 inches (51 mm) or less in diameter 1.0 
lights and elevators) Over 2 inches (51 mm) in diameter 0.8 

Flat or angular members 1.3 

7. Signs, flagpoles, 
lightpoles

8 
minor 

structures 1.4 any direction 

(Continued) 
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FOOTNOTES TO TABLE 16-H 

I I For one story or the top story of multistory partially enclosed structures, an additional value of 0.5 shall be added 
to the outward Cq. The most critical combination shall be used for design. For definition of parti< lly enclosed struc­
tures, see Section 1614. 

2Cq values listed are for 10-square-foot (0.93 m2) tributary areas. For tributary areas of 100 square feet (9.29 m2), the 
value of 0.3 may be subtracted from Cq. except for areas at discontinuities with slopes less thar 7 units vertical in 
12 units horizontal (58.3% slope) where the value of 0.8 may be subtracted from Cq. Interpolation may be used for 
tributary areas between 10 and 100 square feet (0.93 m2 and 9.29 m2). For tributary areas greater than I ,000 square 
feet (92.9 m2), use primary frame values. 

3For slopes greater than 12 units vertical in 12 units horizontal (100% slope), use wall element values. 

4Local pressures shall apply over a distance from the discontinuity of I 0 feet (3048 mm) or 0.1 times the least width 
of the structure, whichever is smaller. 

5Discontinuities at wall comers or roof ridges are defined as discontinuous breaks in the surface where the included 
interior angle measures 170 degrees or less. 

6Load is to be applied on either side of discontinuity but not simultaneously on both sides. 

7Wind pressures shall be applied to the total normal projected area of all elements on one face. ""he forces shall be 
assumed to act parallel to the wind direction. 

BFactors for cylindrical elements are two thirds of those for flat or angular elements. 

TABLE 16-1-SEISMIC ZONE FACTOR Z 
ZONE 2A 28 3 4 

z 0.075 0.15 0.20 0.30 0.40 

The zone shall be determined from the seismic zone map in Figure 16-2. 

TABLE 16-J-SITE COEFFICIENTS1 

TYPE DESCRIPTION SFACTOR 

S1 A soil profile with either: 1.0 

(a) A rock-like material characterized by a shear-wave velocity greater 
than 2,500 feet per second (762 m/s) or by other suitable means of 
classification, or 

(b) Medium-dense to dense or medium-stiff to stiff soil conditions, where 
soil depth is less than 200 feet (60 960 mm). 

Sz A soil profile with predominantly medium-dense to dense or medium- 1.2 
stiff to stiff soil conditions, where the soil depth exceeds 200 feet 
(60960 mm). 

S3 A soil profile containing more than 20 feet (6096 mm) of soft to 1.5 
medium-stiff clay but not more than 40 feet ( 12 192 mm) of soft clay. 

S4 A soil profile containing more than 40 feet (12 192 mm) of soft clay 2.0 
characterized by a shear wave velocity less than 500 feet per second 
(152.4 m/s). 

1 The site factor shall be established from properly substantiated geotechnical data. In locations where the soil proper­
ties are not known in sufficient detail to determine the soil profile type, soil profile S3 shall be used. Soil profile 
S4 need not be assumed unless the building official determines that soil profile S4 may be pres<:nt at the site, or in 
the event that soil profile S4 is established by geotechnical data. 
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TABLE 16-K-OCCUPANCY CATEGORY 
WIND 

SEISMIC SEISMIC IMPOR-
IMPOR- IMPOR- TANCE 

OCCUPANCY TANCE TANCE1 FACTOR, 
CATEGORY OCCUPANCY OR FUNCTIONS OF STRUCTURE FACTOR, I FACTOR,~ 

,. 
I. Essential Group I, Division I Occupancies having surgery and 1.25 1.50 1.15 

facilities2 emergency treatment areas 
Fire and police stations 
Garages and shelters for emergency vehicles and 
emergency aircraft 
Structures and shelters in emergency-preparedness 
centers 
Aviation control towers 
Structures and equipment in government 
communication centers and other facilities required for 
emergency response 
Standby power-generating equipment for Category I 
facilities 
Tanks or other structures containing housing or 
supporting water or other fire-suppression material or 
equipment required for the protection of Category I, 2 
or 3 structures 

2. Hazardous Group H, Divisions I, 2, 6 and 7 Occupancies and 1.25 1.50 1.15 
facilities structures therein housing or supporting toxic or 

explosive chemicals or substances 

Nonbuilding structures housing, supporting or 
containing quantities of toxic or explosive substances 
which, if contained within a building, would cause that 
building to be classified as a Group H, Division I, 2 or 
7 Occupancy 

3. Special Group A, Divisions I, 2 and 2.1 Occupancies 1.00 1.00 1.00 
occupancy Buildings housing GroupE, Divisions I and 3 
structures3 Occupancies with a capacity greater than 300 students 

Buildings housing Group B Occupancies used for 
college or adult education with a capacity greater than 
500 students 
Group I, Divisions I and 2 Occupancies with 50 or 
more resident incapacitated patients, but not included 
in Category I 
Group I, Division 3 Occupancies 
All structures with an occupancy greater than 5,000 
persons 
Structures and equipment in power-generating stations; 
and other public utility facilities not included in 
Category I or Category 2 above, and required for 
continued operation 

4. Standard All structures housing occupancies or having functions 1.00 1.00 1.00 
occupancy not listed in Category I, 2 or 3 and Group U 
structures3 Occupancy towers 

5. Miscella- Group U Occupancies except for towers 1.00 1.00 1.00 
neous 
structures 

The hm1tat10n of lp for panel connections m Section 1631.2.4 shall be 1.0 for the entire connector. 
2Structural observation requirements are given in Sections I 08, 170 I and 1702. 
3For anchorage of machinery and equipment required for life-safety systems the value of 17 shall be taken as 1.5. 
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TABLE 16-L-VERTICAL STRUCTURAL IRREGULARITIES 

IRREGULARITY TYPE AND DEANITION REFEIIENCE SECTION 

I. Stiffness irregularity-soft story 
A soft story is one in which the lateral stiffness is less than 70 percent of that in 1627.8.3, Item 2 
the story above or less than 80 percent of the average stiffness of the three stories 
above. 

2. Weight (mass) irregularity 
Mass irregularity shall be considered to exist where the effective mass of any 1627.8.3, Item 2 
story is more than 150 percent of the effective mass of an adjacent story. A roof 
which is lighter than the floor below need not be considered. 

3. Vertical geometric irregularity 
Vertical geometric irregularity shall be considered to exist where the horizontal 1627.8.3, Item 2 
dimension of the lateral force-resisting system in any story is more than 130 
percent of that in an adjacent story. One-story penthouses need not be considered. 

4. In-plane discontinuity in vertical lateral-force-resisting element 
An in-plane offset of the lateral load-resisting elements greater than the length of 1628.7 
those elements. 

5. Discontinuity in capacity-weak story 
A weak story is one in which the story strength is less than 80 percent of that in 1627.9.1 
the story above. The story strength is the total strength of all seismic-resisting 
elements sharing the story shear for the direction under consideration. 

TABLE 16-M-PLAN STRUCTURAL IRREGULARITIES 

IRREGULARITY TYPE AND DEANITION REFEI~ENCE SECTION 

I. Torsional irregularity-to be considered when diaphragms are not flexible 
Torsional irregularity shall be considered to exist when the maximum story drift, 
computed including accidental torsion, at one end of the structure transverse to an 16:, 1.2.9, Item 6 
axis is more than 1.2 times the average of the story drifts of the two ends of the 
structure. 

2. Reentrant corners 
Plan configurations of a structure and its lateral force-resisting system contain 1631.2.9, 
reentrant comers, where both projections of the structure beyond a reentrant lt•:ms 6 and 7 
comer are greater than 15 percent of the plan dimension of the structure in the 
given direction. 

3. Diaphragm discontinuity 
Diaphragms with abrupt discontinuities or variations in stiffness, including those 1631.2.9, 
having cutout or open areas greater than 50 percent of the gross enclosed area of Item 6 
the diaphragm, or changes in effective diaphragm stiffness of more than 50 
percent from one story to the next. 

4. Out-of-plane offsets 
Discontinuities in a lateral force path, such as out-of-plane offsets of the vertical 1628.7; 
elements. 1631.2.9, Item 6; 

I 2211.8 

5. Nonparallel systems 
The vertical lateral load-resisting elements are not parallel to or symmetric about 1631.1 
the major orthogonal axes of the lateral force-resisting system. 
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TABLE 16-N-5TRUCTURAL SYSTEMS 

BASIC 
STRUCTURAL 

SYSTEM I LATERAL-FORCE-RESISTING SYSTEM-DESCRIPTION 

I. Bearing wall I. Light-framed walls with shear panels 
system a. Wood structural panel walls for structures three stories or less 

b. All other light-framed walls 
2. Shear walls 

a. Concrete 
b. Masonry 

3. Light steel-framed bearing walls with tension-only bracing 
4. Braced frames where bracing carries gravity loads 

a. Steel 
b. Concrete4 
c. Heavy timber 

2. Building I. Steel eccentrically braced frame (EBF) 
frame 2. Light-framed walls with shear panels 
system a. Wood structural panel walls for structures three stories or less 

b. All other light-framed walls 
3. Shear walls 

a. Concrete 
b. Masonry 

4. Ordinary braced frames 
a. Steel 
b. Concrete4 
c. Heavy timber 

5. Special concentrically braced frames 
a. Steel 

3. Moment- I. Special moment-resisting frames (SMRF) 
resisting a. Steel 
frame b. Concrete 
system 2. Masonry moment-resisting wall frame 

3. Concrete intermediate moment-resisting frames (IMRF)s 
4. Ordinary moment-resisting frames (OMRF) 

a. Steel6 

b. Concrete7 

4. Dual I. Shear walls 
systems a. Concrete with SMRF 

b. Concrete with steel OMRF 
c. Concrete with concrete IMRF5 
d. Masonry with SMRF 
e. Masonry with steel OMRF 
f. Masonry with concrete IMRf4 

2. Steel EBF 
a. With steel SMRF 
b. With steel OMRF 

3. Ordinary braced frames 
a. Steel with steel SMRF 
b. Steel with steel OMRF 
c. Concrete with concrete SMRf4 
d. Concrete with concrete IMRf4 

4. Special concentrically braced frames 
a. Steel with steel SMRF 
b. Steel with steel OMRF 

5. Undefined See Sections 1627.8.3 and 1627.9.2 
systems 

N.L.-No limit. 
1 Basic structural systems are defined in Section 1627.6. 
2See Section 1628.3 for combination of structural system. 
3H-Height limit applicable to Seismic Zones 3 and 4. See Section 1627.7. 
4Prohibited in Seismic Zones 3 and 4. 
5Prohibited in Seismic Zones 3 and 4, except as permitted in Section 1632.2. 

(Continued) 

16-N 

H3 I 
Ry/2 x 304.8 for mm 

8 65 I 
6 65 

6 160 
6 160 
4 65 

6 160 
4 -
4 65 

10 240 

9 65 I 
7 65 

8 240 
8 160 

I 
8 160 
8 -

8 65 

9 240 I 

12 N.L. 
12 N.L. 
9 160 I 
8 -

6 160 
5 - I 

12 N.L. 
6 160 
9 160 
8 160 
6 160 
7 -

12 N.L. 
6 160 

I 
10 N.L. 
6 160 
9 -
6 -

II N.L. 
6 160 I 

- -
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FOOTNOTES TO TABLE 16-N-(Continued) 

I 6Qrdinary moment-resisting frames in Seismic Zone I meeting the requirements of Section 2211 .6 may use an Rw 
value of 12. 

7Prohibited in Seismic Zones 2A, 28, 3 and 4. See Section 1631.2.7. 

I 

I 

TABLE 16-0-HORIZONTAL FORCE FACTOR, Cp 

ELEMENTS OF STRUCTURES, NONSTRUCTURAL COMPONENTS AND EQUIPMENT! 

I. Elements of structures 
I. Walls including the following: 

a. Unbraced (cantilevered) parapets 
b. Other exterior walls above the ground floor 
c. All interior bearing and nonbearing walls and partitions 
d. Masonry or concrete fences over 6 feet ( 1829 mm) high 

2. Penthouse (except when framed by an extension of the structural frame) 
3. Connections for prefabricated structural elements other than walls, with force 

applied at center of gravity 
4. Diaphragms 

2. Nonstructural components 
I. Exterior and interior ornamentations and appendages 
2. Chimneys, stacks, trussed towers and tanks on legs: 

a. Supported on or projecting as an unbraced cantilever above the roof more 
than one half their total height 
b. All others, including those supported below the roof with unbraced 
projection above the roof Jess than one half its 
height, or braced or guyed to the structural frame at or above their centers of 
mass 

3. Signs and billboards 
4. Storage racks (include contents) 
5. Anchorage for permanent floor-supported cabinets and book stacks more than 

5 feet (1524 mm) in height (include contents) 
6. Anchorage for suspended ceilings and light fixtures 
7. Access floor systems 

3. Equipment 
I. Tanks and vessels (include contents), including support systems and anchorage 
2. Electrical, mechanical and plumbing equipment and associated conduit, 

ductwork and piping, and machinery 

I See Section 1630.2 for items supported at or below grade. 
2See Section 1631.2.4 and Section 1630.2. 

VAI.UE 
OF Cp FOOTNOTE 

2.1)0 
0."75 2,3 

0."75 3 
0."75 
0.75 

0.75 4 
-- 5 

2.<)0 

2.')() 

0.75 

2. )() 
0. 75 10 

0.75 
0.75 4,6,7,11 

0.75 4,9 

0.75 

0.75 8 

3Where flexible diaphragms, as defined in Section 1628.5, provide lateral support for walls and partitions, the value 
of Cp for anchorage shall be increased 50 percent for the center one half of the diaphragm span. 

4 Apphes to Seismic Zones 2, 3 and 4 only. 
ssee Section 163 1.2.9. 
6Ceiling weight shall include all light fixtures and other equipment or partitions which are laterally supported by the 

ceiling. For purposes of determining the seismic force, a ceiling weight of not less than 4 pounds per square foot 
(19.5 kg!m2) shall be used. 

7Ceilings constructed of lath and plaster or gypsum board screw or nail attached to suspended members that support 
a ceiling at one level extending from wall to wall need not be analyzed provided the walls are not over 50 feet 
(15 240 mm) apart. 

1
8Equipment includes, but is not limited to, boiler, chiller, heat exchanger, pump, air-handling unit, cooling tower, con­

trol panel, motor, switch gear, transformer and life-safety equipment. It includes major conduit, dueling and piping 
serving such machinery and equipment and fire sprinkler systems. See Section 1630.2 for additional requirements 
for determining Cp for nonrigid or flexibly mounted equipment. 

9Wp for access floor systems shall be the dead load of the access floor system plus 25 percent of the floor live load 
plus a I 0 psf (0.479 kN/m2) partition load allowance. 

101n lieu of the tabulated values, steel storage racks may be designed in accordance with Chapte · 22, Division VI. 

I 11 Light fixtures and mechanical services installed in metal suspension systems for acoustical tile ar d lay-in panel ceil­
ings shall be independently supported from the structure above as specified in U.B.C. Standard 25-2, Part Ill. 
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TABLE 16-P-Rw FACTORS FOR NONBUILDING STRUCTUFIES 

STRUCTURE TYPE Rw 
I. Vessels, including tanks and pressurized spheres, on braced or unbraced legs. 3 I 
2. Cast-in-place concrete silos and chimneys having walls continuous to the foundat:on. 5 
3. Distributed mass cantilever structures such as stacks, chimneys, silos and skirt-supported vertical 

vessels. 4 

4. Trussed towers (freestanding or guyed), guyed stacks and chimneys. 4 

5. Inverted pendulum-type structures. 3 

6. Cooling towers. 5 

7. Bins and hoppers on braced or unbraced legs. 4 

8. Storage racks. 5 

9. Signs and billboards. 5 

10. Amusement structures and monuments. 3 

II. All other self-supporting structures not otherwise covered. 4 
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-= 1. Linear interpolation between wind speed contours is acceptable. 
2. Caution in use of wind speed contours in mountainous regions of Alaska is advised. 
3. Wind speed for Hawaii is 80, Puerto Rico is 95 and the Virgin Islands is 110. 
4. Wind speed may be assumed to be constant between the coastline and the nearest inland contour. 

FIGURE 16-1-MINIMUM BASIC WIND SPEEDS IN MILES PER HOUR ( x 1.61 for km/h) 
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FIGURE 16-2-SEISMIC ZONE MAP OF THE UNITED STATES 

For areas outside of the United States, see Appendix Chapter 16. 
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FIGURE 16-3-NORMALIZED RESPONSE SPECTRA SHAPES 
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Chapter 17 

STRUCTURAL TESTS AND INSPECTIONS 

SECTION 1701 - SPECIAL INSPECTIONS 

1701.1 General. In addition to the inspections required by Section 108, the owner or the engineer 
or architect of record acting as the owner's agent shall employ one or more special inspectors who 
shall provide inspections during construction on the types of work listed under Section 1701.5. 

EXCEPTION: The building official may waive the requirement for the employrrent of a special inspector 
if the construction is of a minor nature. 

1701.2 Special Inspector. The special inspector shall be a qualified perscn who shall demon­
strate competence, to the satisfaction of the building official, for inspection of the particular type of 
construction or operation requiring special inspection. 

1701.3 Duties and Responsibilities of the Special Inspector. The special inspector shall ob­
serve the work assigned for conformance with the approved design drawings and specifications. 

The special inspector shall furnish inspection reports to the building official, the engineer or ar­
chitect of record, and other designated persons. All discrepancies shall be brought to the immediate 
attention of the contractor for correction, then, if uncorrected, to the proper design authority and to 
the building official. 

The special inspector shall submit a final signed report stating whether the work requiring special 
inspection was, to the best of the inspector's knowledge, in conformance with the approved plans 
and specifications and the applicable workmanship provisions of this code. 

1701.4 Standards of Quality. The standards listed below labeled a "U.B.C. standard" are also 
listed in Chapter 35, Part II, and are part of this code. 

I. Concrete. 

U.B.C. Standard 19-3, Ready-mixed Concrete 

2. Connections. 

Chapter 22, Division IV, High-strength Bolting 

3. Fireproofing. 

U.B.C. Standard 7-6, Thickness and Density Determination for Spray-applied Fireproofing 

1701.5 Types of Work. Except as provided in Section 1701.1, the types of work listed below shall 
be inspected by a special inspector. 

I. Concrete. During the taking of test specimens and placing of reinforced wncrete. See Item 12 
for shotcrete. 

EXCEPTIONS: I. Concrete for foundations conforming to minimum requirements of Table 18-1-D or for 
Group R, Division 3 or Group U, Division I Occupancies, provided the building ollicial finds that a special 
hazard does not exist. 

2. For foundation concrete, other than cast-in-place drilled piles or caissons, where the structural design is I 
based on an f~· no greater than 2,500 pounds per square inch (psi) (17.2 MPa). 

3. Nonstructural slabs on grade, including prestressed slabs on grade when effective prestress in concrete 
is less than ISO psi. ( 1.03 MPa). 

4. Site work concrete fully supported on earth and concrete where no special hazard exists. 

2. Bolts installed in concrete. Prior to and during the placement of concrete around bolts when 
stress increases permitted by Footnote 5 of Table 19-E or Section 1925 are utilized. 

3. Special moment-resisting concrete frame. As required by Section 1921.9 of this code. 
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4. Reinforcing steel and prestressing steel tendons. 

4.1 During all stressing and grouting of tendons in prestressed concrete. 

4.2 During placing of reinforcing steel and prestressing tendons for all concrete required to 
have special inspection by Item I. 

EXCEPTION: The special inspector need not be present continuously during placing of reinforcing steel 
and prestressing tendons, provided the special inspector has inspected for conformance with the approved 
plans prior to the closing of forms or the delivery of concrete to the jobsite. 

5. Structural welding. 

5.1 General. During the welding of any member or connection which is dt:signed to resist 
loads and forces required by this code. 

EXCEPTIONS: I. Welding done in an approved fabricator's shop in accordance with Section 1701.7. 

2. The special inspector need not be continuously present during welding of the following items, provided 
the materials, qualifications of welding procedures and welders are verified prior to the strut of work; periodic 
inspections are made of work in progress; and a visual inspection of all welds is made prior to completion or 
prior to shipment of shop welding: 

2.1 Single-pass fillet welds not exceeding Sft6 inch (7.9 mm) in size. 
2.2 Floor and roof deck welding. 
2.3 Welded studs when used for structural diaphragm or composite systems. 
2.4 Welded sheet steel for cold-formed steel framing members such as studs and joists. 
2.5 Welding of stairs and railing systems. 

5.2 Special moment-resisting steel frames. During the welding of special moment-resist­
ing steel frames. In addition to Item 5.1 requirements above, nondestmctive testing as 
required by Section 1703 of this code. 

5.3 Welding of reinforcing steel. During the welding of reinforcing steel. 

EXCEPTION: The special inspector need not be continuously present during the welding of ASTM A 706 
reinforcing steel not larger than No. 5 bars used for embedments, provided the material;, qualifications of 
welding procedures and welders are verified prior to the start of work; periodic inspection; are made of work 
in progress; and a visual inspection of all welds is made prior to completion or prior to ship nent of shop weld­
ing. 

6. High-strength bolting. As required by Chapter 22, Division IV. Such inspections may be per­
formed on a periodic basis in accordance with the requirements of Section 1701.6. 

7. Structural masonry. 

7.1 For masonry, other than fully grouted open-end hollow-unit masonry, during preparation 
and taking of any required prisms or test specimens, placing of all maso 1ry units, place­
ment of reinforcement, inspection of grout space, immediately prior to closing of clean­
outs, and during all grouting operations. 

EXCEPTION: For hollow-unit masonry where the f'm is no more than I ,500 psi (I 0.3'' MPa) for concrete 
units or 2,600 psi (17.93 MPa) for clay units, special inspection may be performed as requir!d for fully grouted 
open-end hollow-unit masonry specified in Item 7.2 below. 

7.2 For fully grouted open-end hollow-unit masonry during preparation and taking of any 
required prisms or test specimens, at the start of laying units, after the pl.lcement of rein­
forcing steel, grout space prior to each grouting operation, and during all grouting opera­
tions. 

EXCEPTION: Special inspection as required in Items 7 .I and 7.2 above need not be provided when design 
stresses have been adjusted as specified in Chapter 21 to permit noncontinuous inspection. 

8. Reinforced gypsum concrete. When cast-in-place Class B gypsum concrete is being mixed 
and placed. 

9. Insulating concrete fill. During the application of insulating concrete fill when used as part of 
a structural system. 
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EXCEPTION: The special inspections may be limited to an initial inspection to check the deck surface 
and placement of reinforcing. The special inspector shall supervise the preparation of compression test speci­
mens during this initial inspection. 

10. Spray-applied fireproofing. As required by U.B.C. Standard 7-6. 
11. Piling, drilled piers and caissons. During driving and testing of pile~. and construction of 

cast-in-place drilled piles or caissons. See Items I and 4 for concrete and reinforcing steel inspec­
tion. 

12. Shotcrete. During the taking of test specimens and placing of all shotcre te and as required by 
Sections 1922. 10 and 1922.11. 

EXCEPTION: Shotcrete work fully supported on earth, minor repairs and wh,:n, in the opinion of the 
building official, no special hazard exists. 

13. Special grading, excavation and filling. During earth-work excavations, grading and filling 
operations inspection to satisfy requirements of Chapter 18 and Appendix Chapter 33 of this code. 

14. Smoke-control system. I 
14.1 During erection of ductwork and prior to concealment for the purposes of leakage test­

ing and recording of device location. 
14.2 Prior to occupancy and after sufficient completion for the purposes of pressure differ­

ence testing, flow measurements, and detection and control verification. 

15. Special cases. Work which, in the opinion of the building official, involves unusual hazards 
or conditions. 

1701.6 Continuous and Periodic Special Inspection. I 
1701.6.1 Continuous special inspection. Continuous special inspection means that the special 
inspector is on the site at all times observing the work requiring special inspection. 

1701.6.2 Periodic special inspection. Some inspections may be made on a periodic basis and sat­
isfy the requirements of continuous inspection, provided this periodic scheduled inspection is per­
formed as outlined in the project plans and specifications and approved by the building official. 

1701.7 Approved Fabricators. Special inspections required by this section and elsewhere in this 
code are not required where the work is done on the premises of a fabricator registered and approved 
by the building official to perform such work without special inspection. The certificate of registra­
tion shall be subject to revocation by the building official if it is found that any work done pursuant 
to the approval is in violation of this code. The approved fabricator shall submit a certificate of com­
pliance that the work was performed in accordance with the approved plans and specifications to 
the building official and to the engineer or architect of record. The approved fabricator's qualifica­
tions shall be contingent on compliance with the following: 

1. The fabricator has developed and submitted a detailed fabrication procedural manual reflect­
ing key quality control procedures which will provide a basis for inspection control of workman­
ship and the fabricator plant. 

2. Verification of the fabricator's quality control capabilities, plant and personnel as outlined in 
the fabrication procedural manual shall be by an approved inspection or qmJity control agency. 

3. Periodic plant inspections shall be conducted by an approved inspection or quality control 
agency to monitor the effectiveness of the quality control program. 

4. It shall be the responsibility of the inspection or quality control agency tc' notify the approving 
authority in writing of any change to the procedural manual. Any fabricator approval may be re­
voked for just cause. Reapproval of the fabricator shall be contingent on compliance with quality 
control procedures during the past year. 

SECTION 1702- STRUCTURAL OBSERVATION 
Structural observation shall be provided in Seismic Zone 3 or 4 when one of the following condi­
tions exists: 
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I. The structure is defined in Table 16-K as Occupancy Category I, II or III, or 

2. The structure is required to comply with Section 403, or 
3. When so designated by the architect or engineer of record, or 

4. When such observation is specifically required by the building official. I 
The owner shall employ the engineer or architect responsible for the structural design, or another 

engineer or architect designated by the engineer or architect responsible for the stru~tural design, to 

I 
perform structural observation as defined in Section 220. Observed deficiencies shall be reported in 
writing to the owner's representative, special inspector, contractor and the buildi11g official. The 
structural observer shall submit to the building official a written statement that the site visits have 
been made and identifying any reported deficiencies which, to the best of the structural observer's 
knowledge, have not been resolved. 

SECTION 1703- NONDESTRUCTIVE TESTING 

In Seismic Zones 3 and 4, welded connections between the primary members of special moment-

1 
resisting frames shall be tested by nondestructive methods for compliance with approved standards 
and job specifications. This testing shall be a part of the special inspection requirements of Section 
1701.5. A program for this testing shall be established by the person responsible fl)f structural de­
sign and as shown on plans and specifications. 

I 

As a minimum, this program shall include the following: 

I. All complete penetration groove welds contained in joints and splices shall be tested 100 per­
cent either by ultrasonic testing or by radiography. 

EXCEPTION: When approved, the nondestructive testing rate for an individual welde.· or welding opera­
tor may be reduced to 25 percent, provided the reject rate is demonstrated to be 5 percent or less of the welds 
tested for the welder or welding operator. A sampling of at least 40 completed welds for'' job shall be made 
for such reduction evaluation. Reject rate is defined as the number of welds containing reJectable defects di­
vided by the number of welds completed. For evaluating the reject rate of continuous wel:ls over 3 feet (914 
mm) in length where the effective throat thickness is I inch (25.4 mm) or less, each 12-ir.ch increment (305 
mm) or fraction thereof shall be considered as one weld. For evaluating the reject rate on continuous welds 
over 3 feet (914 mm) in length where the effective throat thickness is greater than I inch (25.4 mm), each 6 
inches ( 152 mm) of length or fraction thereof shall be considered one weld. 

For complete penetration groove welds on materials less than 5/16 inch (7.9 mm) thick, nondestructive test­
ing is not required; for this welding, continuous inspection is required. 

When approved by the building official and outlined in the project plans and specificatio11s, this nondestruc­
tive ultrasonic testing may be performed in the shop of an approved fabricator utilizing ~ualified test tech­
niques in the employment of the fabricator. 

2. Partial penetration groove welds when used in column splices shall be testec: either by ultra-

1 
sonic testing or radiography when required by the plans and specifications. For partial penetration 
groove welds when used in column splices, with an effective throat less than 3/4 inch (19.1 mm) 
thick, nondestructive testing is not required; for this welding, continuous special inspection is 
required. 

3. Base metal thicker than 11/2 inches (38.1 mm), when subjected to through-thickness weld 
shrinkage strains, shall be ultrasonically inspected for discontinuities directly behind such welds 
after joint completion. 

Any material discontinuities shall be accepted or rejected on the basis of the defect rating in ac-
1 cordance with the (larger reflector) criteria of approved national standards. 

SECTION 1704 - PREFABRICATED CONSTRUCTION 

1704.1 General. 

1704.1.1 Purpose. The purpose of this section is to regulate materials and establish methods of 
safe construction where any structure or portion thereof is wholly or partially prefabricated. 
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1704.1.2 Scope. Unless otherwise specifically stated in this section, all prdabricated construc­
tion and all materials used therein shall conform to all the requirements of th ts code. (See Section 
104.2.8.) 

1704.1.3 Definition. 

PREFABRICATED ASSEMBLY is a structural unit, the integral parts of which have been built 
up or assembled prior to incorporation in the building. 

1704.2 Tests of Materials. Every approval of a material not specifically m~ntioned in this code 
shall incorporate as a proviso, the kind and number of tests to be made during prefabrication. 

1704.3 Tests of Assemblies. The building official may require special tests to be made on assem­
blies to determine their durability and weather resistance. 

1704.4 Connections. See Section 1612.1 for design requirements of connections for prefabri­
cated assemblies. 

1704.5 Pipes and Conduits. See Section 1612.2 for design requirements for removal of material 
for pipes, conduit and other equipment. 

1704.6 Certificate and Inspection. 

1704.6.1 Materials. Materials and the assembly thereof shall be inspected to determine com­
pliance with this code. Every material shall be graded, marked or labeled where required elsewhere 
in this code. 

1704.6.2 Certificate. A certificate of approval shall be furnished with every prefabricated assem­
bly, except where the assembly is readily accessible to inspection at the site. The certificate of ap­
proval shall certify that the assembly in question has been inspected and meet:; all the requirements 
of this code. When mechanical equipment is installed so that it cannot be insDected at the site, the 
certificate of approval shall certify that such equipment complies with the laws applying thereto. 

1704.6.3 Certifying agency. To be acceptable under this code, every certificate of approval shall 
be made by an approved agency. 

1704.6.4 Field erection. Placement of prefabricated assemblies at the building site shall be in­
spected by the building official to determine compliance with this code. 

1704.6.5 Continuous inspection. If continuous inspection is required for certain materials where 
construction takes place on the site, it shall also be required where the same materials are used in 
prefabricated construction. 

EXCEPTION: Continuous inspection will not be required during prefabrication if the approved agency 
certifies to the construction and furnishes evidence of compliance. 
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Chapter 18 

FOUNDATIONS AND RETAINING WALLS 

Division I-GENERAL 

SECTION 1801 - SCOPE 

1801.1 General. This chapter sets forth requirements for excavation and fills for any building or 
structure and for foundations and retaining structures. 

Reference is made to Appendix Chapter 33 for requirements governing excavatiJn, grading and 
earthwork construction, including fills and embankments. 

1801.2 Standards of Quality. The standards listed below labeled a "U.B.C. standard" are also 
listed in Chapter 35, Part II, and are part of this code. 

1. Testing. 

1.1 U.B.C. Standard 18-1, Soils Classification 

1.2 U.B.C. Standard 18-2, Expansion Index Test 

SECTION 1802 - QUALITY AND DESIGN 

The quality and design of materials used structurally in excavations, footings and foundations shall 
conform to the requirements specified in Chapters 16, 19, 21, 22 and 23 of this code. 

Excavations and fills shall comply with Chapter 33. 

SECTION 1803 - SOIL CLASSIFICATION-EXPANSIVE SOIL 

1803.1 General. For the purposes of this chapter, the definition and classification ·Jf soil materials 
for use in Table 18-1-A shall be according to U.B.C. Standard 18-1. 

1803.2 Expansive Soil. When the expansive characteristics of a soil are to be dete~mined, the pro­
cedures shall be in accordance with U.B.C. Standard 18-2 and the soil shall be clas:;ified according 
to Table 18-1-B. Foundations for structures resting on soils with an expansion index greater than 20, 
as determined by U.B.C. Standard 18-2, shall require special design consideration. In the event the 
soil expansion index varies with depth, the weighted index shall be determined according to Table 
18-I-C. 

SECTION 1804- FOUNDATION INVESTIGATION 

1804.1 General. The classification of the soil at each building site shall be determined when re­
quired by the building official. The building official may require that this determination be made by 
an engineer or architect licensed by the state to practice as such. 

1804.2 Investigation. The classification shall be based on observation and any n'!cessary tests of 
the materials disclosed by borings or excavations made in appropriate locations. Additional studies 
may be necessary to evaluate soil strength, the effect of moisture variation on soil-bearing capacity, 
compressibility, liquefaction and expansiveness. 

I 
In Seismic Zones 3 and 4, when required by the building official, the potential for seismically 

induced soil liquefaction and soil instability shall be evaluated as described in Section 1804.5. 

EXCEPTIONS: I. The building official may waive this evaluation upon receipt of written opinion of a 
qualified geotechnical engineer or geologist that liquefaction is not probable. 

2. A detached, single-story dwelling of Group R, Division 3 Occupancy with or without attached garages. 
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3. Group U, Division I Occupancies. 

4. Fences. 

CHAP. 18, DIV. I 
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1804.3 Reports. The soil classification and design bearing capacity shall be shown on the plans, 
unless the foundation conforms to Table 18-1-D. The building official may require submission of a 
written report of the investigation which shall include, but need not be limited to, the following in­
formation: 

1. A plot showing the location of all test borings and/or excavations. 

2. Descriptions and classifications of the materials encountered. 

3. Elevation of the water table, if encountered. 

I 

4. Recommendations for foundation type and design criteria, including bearing capacity, provi­
sions to mitigate the effects of expansive soils, provisions to mitigate the effecls of liquefaction and I 
soil strength and the effects of adjacent loads. 

5. Expected total and differential settlement. 

1804.4 Expansive Soils. When expansive soils are present, the building official may require that 
special provisions be made in the foundation design and construction to safeguard against damage 
due to this expansiveness. The building official may require a special investigation and report to 
provide these design and construction criteria. 

1804.5 Liquefaction Potential and Soil Strength Loss. When required by Section 1804.2, the 
potential for soil liquefaction and soil strength loss during earthquakes shall be evaluated during the 
geotechnical investigation. The geotechnical report shall assess potential con:;equences of any liq­
uefaction and soil strength loss, including estimation of differential settlement. lateral movement or 
reduction in foundation soil-bearing capacity, and discuss mitigating measlJres. Such measures 
shall be given consideration in the design of the building and may include, but are not limited to, 
ground stabilization, selection of appropriate foundation type and depths, sel;!ction of appropriate 
structural systems to accommodate anticipated displacements or any combination of these mea­
sures. 

The potential for liquefaction and soil strength loss shall be evaluated for a site peak ground ac­
celeration that, as a minimum, conforms to the probability of exceedance specified in Section 
1629.2. Peak ground acceleration may be determined based on a site-specific study taking into ac­
count soil amplification effects. In the absence of such a study, peak ground acceleration may be 
assumed equal to the seismic zone factor in Table 16-1. 

1804.6 Adjacent Loads. Where footings are placed at varying elevations the effect of adjacent 
loads shall be included in the foundation design. 

1804.7 Drainage. Provisions shall be made for the control and drainage of surface water around 
buildings. (See also Section 1806.4.5.) 

SECTION 1805- ALLOWABLE FOUNDATION AND LATERAL PFIESSURES 

The allowable foundation and lateral pressures shall not exceed the values set forth in Table 18-1-A 
unless data to substantiate the use of higher values are submitted. Table 18- I-A may be used for 
design of foundations on rock or nonexpansive soil for Types II One-hour, li-N and V buildings 
which do not exceed three stories in height or for structures which have continuous footings having 
a load of less than 2,000 pounds per lineal foot (29.2 kN/m) and isolated footi1gs with loads of less 
than 50,000 pounds (222.4 kN). 

SECTION 1806 - FOOTINGS 

1806.1 General. Footings and foundations shall be constructed of masonr:{, concrete or treated 
wood in conformance with Division II and shall extend below the frost line. Footings of concrete 
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and masonry shall be of solid material. Foundations supporting wood shall extend at least 6 inches 
(152 mm) above the adjacent finish grade. Footings shall have a minimum depth as indicated in 
Table 18-1-D unless another depth is recommended by a foundation investigation. 

The provisions of this section do not apply to building and foundation systems in those areas sub­
ject to scour and water pressure by wind and wave action. Buildings and foundatiom subject to such 
loads shall be designed in accordance with approved national standards. 

1806.2 Bearing Walls. Bearing walls shall be supported on masonry or concrete foundations or 
piles or other approved foundation system which shall be of sufficient size to support all loads. 
Where a design is not provided, the minimum foundation requirements for stud be<ring walls shall 
be as set forth in Table 18-1-D. 

EXCEPTIONS: I. A one-story wood- or metal-frame building not used for human occupancy and not 
over 400 square feet (37 .2 m2) in floor area may be constructed with walls supported on a wood foundation 
plate when approved by the building official. 

2. The support of buildings by posts embedded in earth shall be designed as specified in Section 1806.7. 
Wood posts or poles embedded in earth shall be pressure treated with an approved prese1vative. Steel posts 
or poles shall be protected as specified in Section 1807.9. 

1806.3 Stepped Foundations. Foundations for all buildings where the surface of the ground 
slopes more than 1 unit vertical in 10 units horizontal (10% slope) shall be level or shall be stepped 
so that both top and bottom of such foundation are level. 

1806.4 Footings on or Adjacent to Slopes. 

1806.4.1 Scope. The placement of buildings and structures on or adjacent to slopes steeper than 
1 unit vertical in 3 units horizontal (33.3% slope) shall be in accordance with thi~; section. 

1806.4.2 Building clearance from ascending slopes. In general, buildings below slopes shall be 
set a sufficient distance from the slope to provide protection from slope drainage, erosion and shal­
low failures. Except as provided for in Section 1806.4.6 and Figure 18-1, the following criteria will 
be assumed to provide this protection. Where the existing slope is steeper than 1 unit vertical in 
1 unit horizontal ( 100% slope), the toe of the slope shall be assumed to be at the intersection of a 
horizontal plane drawn from the top of the foundation and a plane drawn tangent to the slope at an 
angle of 45 degrees to the horizontal. Where a retaining wall is constructed at the toe of the slope, the 
height of the slope shall be measured from the top of the wall to the top of the slope. 

1806.4.3 Footing setback from descending slope surface. Footing on or adjac,!nt to slope sur­
faces shall be founded in firm material with an embedment and setback from the slope surface suffi­
cient to provide vertical and lateral support for the footing without detrimental settlement. Except 
as provided for in Section 1806.4.6 and Figure 18-1, the following setback is deemed adequate to 
meet the criteria. Where the slope is steeper than 1 unit vertical in 1 unit horizontal ( 100% slope), 
the required setback shall be measured from an imaginary plane 45 degrees to the horizontal, proj­
ected upward from the toe of the slope. 

1806.4.4 Pools. The setback between pools regulated by this code and slopes shall be equal to one 
half the building footing setback distance required by this section. That portion of the pool wall 
within a horizontal distance of 7 feet (2134 mm) from the top of the slope shall be capable of sup­
porting the water in the pool without soil support. 

1806.4.5 Foundation elevation. On graded sites, the top of any exterior foundation shall extend 
above the elevation of the street gutter at point of discharge or the inlet of an approved drainage 
device a minimum of 12 inches (305 mm) plus 2 percent. The building official may approve alter­
nate elevations, provided it can be demonstrated that required drainage to the point of discharge and 
away from the structure is provided at all locations on the site. 

1806.4.6 Alternate setback and clearance. The building official may approve al temate setbacks 
and clearances. The building official may require an investigation and recommendation of a quali-
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fied engineer to demonstrate that the intent of this section has been satisfied. Such an investigation 
shall include consideration of material, height of slope, slope gradient, load intensity and erosion 
characteristics of slope material. 

1806.5 Footing Design. Except for special provisions of Section 1808 covering the design of 
piles, all portions of footings shall be designed in accordance with the structural provisions of this 
code and shall be designed to minimize differential settlement and the effects of expansive soils 
when present. 

Slab-on-grade and mat-type footings for buildings located on expansive soi s may be designed in 
accordance with the provisions of Division III or such other engineering design based on geotechni­
cal recommendation as approved by the building official. 

1806.6 Foundation Plates or Sills. Foundation plates or sills shall be bolted to the foundation or 
foundation wall with not less than 1/z-inch (13 mm) nominal diameter steel bolts embedded at least 
7 inches (178 mm) into the concrete or masonry and spaced not more than 6 feet (1829 mm) apart. 
There shall be a minimum of two bolts per piece with one bolt located within 12 inches (305 mm) of 
each end of each piece. A properly sized nut and washer shall be tightened on each bolt to the plate. 
Foundation plates and sills shall be the kind of wood specified in Section 2~ 17.4. 

1806.7 Designs Employing Lateral Bearing. 

1806.7.1 General. Construction employing posts or poles as columns embt:dded in earth or em­
bedded in concrete footings in the earth may be used to resist both axial and la:eralloads. The depth 
to resist lateral loads shall be determined by means of the design criteria established herein or other 
methods approved by the building official. 

1806.7.2 Design criteria. 

1806.7.2.1 Nonconstrained. The following formula may be used in dete1mining the depth of 
embedment required to resist lateral loads where no constraint is provided at the ground surface, 
such as rigid floor or rigid ground surface pavement. 

WHERE: 

d = ~ (I + j 1 + 4.~6h) (6-1) 

2.34P 
~ 

A 

b diameter of round post or footing or diagonal dimension of square post or footing, feet 
(m). 

d depth of embedment in earth in feet (m) but not over 12 feet (3658 mm) for purpose of 
computing lateral pressure. 

h distance in feet (m) from ground surface to point of application of "P." 
P applied lateral force in pounds (kN). 

S 1 = allowable lateral soil-bearing pressure as set forth in Table 18-1-A based on a depth of one 
third the depth of embedment (kPa). 

S3 allowable lateral soil-bearing pressure as set forth in Table 18-1-A b1sed on a depth equal 
to the depth of embedment (kPa). 

1806.7.2.2 Constrained. The following formula may be used to determine the depth of embed­
ment required to resist lateral loads where constraint is provided at the ground surface, such as a 
rigid floor or pavement. 

Ph 
4.25 S3b (6-2) 

1806.7.2.3 Vertical load. The resistance to vertical loads is determined by the allowable 
soil-bearing pressure set forth in Table 18-1-A. 
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1806.7.3 Backfill. The backfill in the annular space around columns not embedded in poured 
footings shall be by one of the following methods: 

I. Backfill shall be of concrete with an ultimate strength of 2,000 pounds per square inch (13.79 
MPa) at 28 days. The hole shall not be less than 4 inches (1 02 mm) larger than the diameter of the 
column at its bottom or 4 inches (1 02 mm) larger than the diagonal dimension of a s ~uare or rectan­
gular column. 

2. Backfill shall be of clean sand. The sand shall be thoroughly compacted by tamping in layers 
not more than 8 inches (203 mm) in depth. 

1806.7.4 Limitations. The design procedure outlined in this section shall be subject to the follow­
ing limitations: 

The frictional resistance for retaining walls and slabs on silts and clays shall be limited to one half 
of the normal force imposed on the soil by the weight of the footing or slab. 

Posts embedded in earth shall not be used to provide lateral support for structural or nonstructural 
materials such as plaster, masonry or concrete unless bracing is provided that develops the limited 
deflection required. 

1806.8 Grillage Footings. When grillage footings of structural steel shapes are used on soils, 
they shall be completely embedded in concrete with at least 6 inches (152 mm) on the bottom and at 
least 4 inches (102 mm) at all other points. 

1806.9 Bleacher Footings. Footings for open-air seating facilities shall comply Hith Chapter 18. 
EXCEPTIONS: Temporary open-air portable bleachers as defined in Section I 021 may be supported 

upon wood sills or steel plates placed directly upon the ground surface, provided soil presst redoes not exceed 
I ,200 pounds per square foot (57 .5 kPa). 

SECTION 1807 PILES- GENERAL REQUIREMENTS 

1807.1 General. Pile foundations shall be designed and installed on the basis of 1 foundation in­
vestigation as defined in Section 1804 where required by the building official. 

The investigation and report provisions of Section 1804 shall be expanded to indude, but not be 
limited to, the following: 

1. Recommended pile types and installed capacities. 

2. Driving criteria. 

3. Installation procedures. 

4. Field inspection and reporting procedures (to include procedures for verific:ation of the in­
stalled bearing capacity where required). 

5. Pile load test requirements. 

The use of piles not specifically mentioned in this chapter shall be permitted, subject to the ap­
proval of the building official upon submission of acceptable test data, calculations or other infor­
mation relating to the properties and load-carrying capacities of such piles. 

1807.2 Interconnection. Individual pile caps and caissons of every structure subjected to seismic 
forces shall be interconnected by ties. Such ties shall be capable of resisting, in temion or compres­
sion, a minimum horizontal force equal to I 0 percent of the larger column vertical load. 

EXCEPTION: Other approved methods may be used where it can be demonstrated that equivalent re-
straint can be provided. 

1807.3 Determination of Allowable Loads. The allowable axial and lateral loads on piles shall 
be determined by an approved formula, by load tests or by a foundation investigation. 

1807.4 Static Load Tests. When the allowable axial load of a single pile is determined by a load 
test, one of the following methods shall be used: 
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Method 1.1t shall not exceed 50 percent of the yield point under test load. The yield point shall be 
defined as that point at which an increase in load produces a disproportionate increase in settlement. 

Method 2. It shall not exceed one half of the load which causes a net settlement, after deducting 
rebound, of 0.01 inch per ton (0.000565 mrn!N) of test load which has been applied for a period of at 
least 24 hours. 

Method 3. It shall not exceed one half of that load under which, during a 40-hour period of con­
tinuous load application, no additional settlement takes place. 

1807.5 Column Action. All piles standing unbraced in air, water or material not capable of lateral 
support, shall conform with the applicable column formula as specified in this code. Such piles 
driven into firm ground may be considered fixed and laterally supported at 5 ft~et (1524 mm) below 
the ground surface and in soft material at 10 feet (3048 mm) below the ground surface unless other­
wise prescribed by the building official after a foundation investigation by an approved agency. 

1807.6 Group Action. Consideration shall be given to the reduction of allowable pile load when 
piles are placed in groups. Where soil conditions make such load reductions ac visable or necessary, 
the allowable axial load determined for a single pile shall be reduced by any rational method or for­
mula approved by the building official. 

1807.7 Piles in Subsiding Areas. Where piles are driven through subsiding fills or other subsid­
ing strata and derive support from underlying firmer materials, consideration shall be given to the 
downward frictional forces which may be imposed on the piles by the subsiding upper strata. 

Where the influence of subsiding fills is considered as imposing loads on the pile, the allowable 
stresses specified in this chapter may be increased if satisfactory substantiating data are submitted. 

1807.8 Jetting. Jetting shall not be used except where and as specifically permitted by the build­
ing official. When used, jetting shall be carried out in such a manner that the carrying capacity of 
existing piles and structures shall not be impaired. After withdrawal of the jet. piles shall be driven 
down until the required resistance is obtained. 

1807.9 Protection of Pile Materials. Where the boring records of site conditions indicate possi­
ble deleterious action on pile materials because of soil constituents, changing water levels or other 
factors, such materials shall be adequately protected by methods or processes approved by the 
building official. The effectiveness of such methods or processes for the particular purpose shall 
have been thoroughly established by satisfactory service records or other evdence which demon­
strates the effectiveness of such protective measures. 

1807.10 Allowable Loads. The allowable loads based on soil conditions shall be established in 
accordance with Section 1807. 

EXCEPTION: Any uncased cast-in-place pile may be assumed to develop a flictional resistance equal 
to one sixth of the bearing value of the soil material at minimum depth as set forth i1 Table 18-1-A but not to 
exceed 500 pounds per square foot (24 kPa) unless a greater value is allowed by tht! building official after a 
soil investigation as specified in Section I 804 is submitted. Frictional resistance and bearing resistance shall 
not be assumed to act simultaneously unless recommended after a foundation investiB ation as specified in Sec­
tion 1804. 

1807.11 Use of Higher Allowable Pile Stresses. Allowable compressive stresses greater than 
those specified in Section 1808 shall be permitted when substantiating data justifying such higher 
stresses are submitted to and approved by the building official. Such substantiating data shall in­
clude a foundation investigation including a report in accordance with Section 1807.1 by a soils 
engineer defined as a civil engineer experienced and knowledgeable in the rractice of soils engi­
neering. 
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SECTION 1808 - SPECIFIC PILE REQUIREMENTS 

1808.1 Round Wood Piles. 

1994 UNIFORM BUILDING CODE 

1808.1.1 Material. Except where untreated piles are permitted, wood piles shall be pressure 
treated. Untreated piles may be used only when it has been established that the cutoff will be below 
lowest groundwater level assumed to exist during the life of the structure. 

1808.1.2 Allowable stresses. The allowable unit stresses for round wood piles shall not exceed 
those set forth in Table 23-1-E. 

The allowable values listed in Table 23-1-E for compression parallel to the grain at extreme fiber 
in bending are based on load sharing as occurs in a pile cluster. For piles which support their own 
specific load, a safety factor of 1.25 shall be applied to compression parallel to the grain values and 
1.30 to extreme fiber in bending values. 

1808.2 Uncased Cast-in-place Concrete Piles. 

1808.2.1 Material. Concrete piles cast in place against earth in drilled or bored holes shall be 
made in such a manner as to ensure the exclusion of any foreign matter and to secure a full-sized 

I shaft. The length of such pile shall be limited to not more than 30 times the average diameter. Con­
crete shall have a specified compressive strengthf'c of not less than 2,500 psi (17.24 MPa). 

EXCEPTION: The length of pile may exceed 30 times the diameter provided the design and installation 
of the pile foundation is in accordance with an approved investigation report. 

1808.2.2 Allowable stresses. The allowable compressive stress in the concrete ~:hall not exceed 
0.33f'c· The allowable compressive stress of reinforcement shall not exceed 34 percent of the yield 
strength of the steel or 25,500 psi (175.7 MPa). 

1808.3 Metal-cased Concrete Piles. 

11808.3.1 Material. Concrete used in metal-cased concrete piles shall have a specified compres­
sive strengthf'c of not less than 2,500 psi (17.24 MPa). 

1808.3.2 Installation. Every metal casing for a concrete pile shall have a sealed tip with a diame­
ter of not less than 8 inches (203 mm). 

Concrete piles cast in place in metal shells shall have shells driven for their full length in contact 
with the surrounding soil and left permanently in place. The shells shall be sufficiently strong to 
resist collapse and sufficiently watertight to exclude water and foreign material during the placing 
of concrete. 

Piles shall be driven in such order and with such spacing as to ensure against di~:tortion of or in­
jury to piles already in place. No pile shall be driven within four and one-half average pile diameters 
of a pile filled with concrete less than 24 hours old unless approved by the building official. 

1808.3.3 Allowable stresses. Allowable stresses shall not exceed the values specified in Section 
1808.2.2, except that the allowable concrete stress may be increased to a maximum value of 0.40f'c 
for that portion of the pile meeting the following conditions: 

1. The thickness of the metal casing is not less than 0.068 inch (1.73 mm) (No. 14 carbon sheet 
steel gage). 

2. The casing is seamless or is provided with seams of equal strength and is of a configuration 
which will provide confinement to the cast-in-place concrete. 

I 3. The specified compressive strengthf'c shall not exceed 5,000 psi (34.47 MPa) and the ratio of 
steel minimum specified yield strength/y to concrete specified compressive strengthf'c shall not be 
less than 6. 

4. The pile diameter is not greater than 16 inches (406 mm). 
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1808.4.1 Materials. Precast concrete piles shall have a specified compressive strengthf'c of not I 
less than 3,000 psi (20.68 MPa), and shall develop a compressive strength of not less than 3,000 psi 
(20.68 MPa) before driving. 

1808.4.2 Reinforcement ties. The longitudinal reinforcement in driven precast concrete piles 
shall be laterally tied with steel ties or wire spirals. Ties and spirals shall not be spaced more than 
3 inches apart (76 mm), center to center, for a distance of 2 feet (610 mm) from the ends and not 
more than 8 inches (203 mm) elsewhere. The gage of ties and spirals shall b~ as follows: 

For piles having a diameter of 16 inches (406 mm) or less, wire shall not be smaller than 0.22 inch 
(5.6 mm) (No.5 B.W. gage). 

For piles having a diameter of more than 16 inches (406 mm) and less than 20 inches (508 mm), 
wire shall not be smaller than 0.238 inch (6.0 mm) (No.4 B.W. gage). 

For piles having a diameter of 20 inches (508 mm) and larger, wire shall not be smaller than 
1;4 inch (6.4 mm) round or 0.259 inch (6.6 mm) (No.3 B.W. gage). 

1808.4.3 Allowable stresses. Precast concrete piling shall be designed to resist stresses induced 
by handling and driving as well as by loads. The allowable stresses shall not exceed the values spe­
cified in Section 1808.2.2. 

1808.5 Precast Prestressed Concrete Piles (Pretensioned). 

1808.5.1 Materials. Precast prestressed concrete piles shall have a sp,~cified compressive I 
strength/' c of not less than 5,000 psi (34.48 MPa) and shall develop a compr,!ssive strength of not 
less than 4,000 psi (27.58 MPa) before driving. 

1808.5.2 Reinforcement. The longitudinal reinforcement shall be high-tensile seven-wire 
strand. Longitudinal reinforcement shall be laterally tied with steel ties or wire spirals. 

Ties or spiral reinforcement shall not be spaced more than 3 inches (76 mm) apart center to center 
for a distance of 2 feet (610 mm) from the ends and not more than 8 inches (203 mm) elsewhere. 

At each end of the pile, the first five ties or spirals shall be spaced 1 inch (25 mm) center to center. 
For piles having a diameter of 24 inches (610 mm) or less, wire shall not be smaller than 0.22 inch 

(5.6 mm) (No.5 B.W. gage). For piles having a diameter greater than 24 inches (610 mm) but less 
than 36 inches (914 mm), wire shall not be smaller than 0.238 inch (6.0 mm) (No.4 B.W. gage). For 
piles having a diameter greater than 36 inches (914 mm), wire shall not be smaller than 1/4 inch (6.4 
mm) round or 0.259 inch (6.6 mm) (No. 3 B.W. gage). 

1808.5.3 Allowable stresses. Precast prestressed piling shall be designed to resist stresses in­
duced by handling and driving as well as by loads. The effective prestress in the pile shall not be less 
than 400 psi (2.76 MPa) for piles up to 30 feet (9144 mm) in length, 550 psi (3.79 MPa) for piles up 
to 50 feet (15 240 mm) in length, and 700 psi (4.83 MPa) for piles greater than 50 feet (15 240 mm) 
in length. 

The compressive stress in the concrete due to externally applied load shall not exceed: 

fc = 0.33J'c - 0.21fpc 
WHERE: 

fPc = effective prestress stress on the gross section. 

Effective prestress shall be based on an assumed loss of 30,000 psi (206.85 MPa) in the prestress­
ing steel. The allowable stress in the prestressing steel shall not exceed the values specified in Sec­
tion 1918. 

1808.6 Structural Steel Piles. 

1808.6.1 Material. Structural steel piles, steel pipe piles and fully welded steel piles fabricated 
from plates shall conform to U.B.C. Standard 22-1 and be identified in accordance with Section 
2202.2. 

2-55 



CHAP. 18, DIV. I 
1808.6.2-1809.5.1 1994 UNIFORM BIJILDING CODE 

1
1808.6.2 Allowable stresses. The allowable axial stresses shall not exceed 0.35 of the minimum 
specified yield strength Fy or I2,600 pounds per square inch (86.88 MPa), whichever is less. 

EXCEPTION: When justified in accordance with Section 1807 .II, the allowable axial stress may be in­
creased above 12,600 psi (86.88 MPa) and 0.35Fy, but shall not exceed o.sr:v· 

1808.6.3 Minimum dimensions. Sections of driven H-piles shall comply with the following: 

I. The flange projection shall not exceed I4 times the minimum thickness of metal in either the 
flange or the web, and the flange widths shall not be less than 80 percent of the depth of the section. 

2. The nominal depth in the direction of the web shall not be less than 8 inc he:; (203 mm). 

3. Flanges and webs shall have a minimum nominal thickness of 3fs inch (9.5 mm). 

Sections of driven pipe piles shall have an outside diameter of not Jess than I 0 inches (254 mm) 
and a minimum thickness of not less than 1/4 inch (6.4 mm). 

1808.7 Concrete-filled Steel Pipe Piles. 

1
1808.7.1 Material. The concrete-filled steel pipe piles shall conform to U.B.C. Standard 22-I 
and shall be identified in accordance with Section 2202.2. The concrete-filled steel pipe piles shall 
have a specified compressive strengthf'c of not less than 2,500 psi (17.24 MPa). 

1808.7.2 Allowable stresses. The allowable axial stresses shall not exceed 0.35 of the minimum 

I specified yield strength Fy of the steel plus 0.33 of the specified compressive strengthf'c of con­
crete, provided Fy shall not be assumed greater than 36,000 psi (248.22 MPa) for computational 
purposes. 

EXCEPTION: When justified in accordance with Section 2807.11, the allowable stresses may be in­
creased to 0.50 Fy. 

1808.7.3 Minimum dimensions. Driven piles of uniform section shall have a nominal outside di­
ameter of not Jess than 8 inches (203 mm). 

SECTION 1809- FOUNDATION CONSTRUCTION-SEISMIC ZONES 3 AND 4 

1809.1 General. In Seismic Zones 3 and 4 the further requirements of this section shall apply to 
the design and construction of foundations, foundation components and the conn~ction of super­
structure elements thereto. 

1809.2 Soil Capacity. The one-third stress increase allowed by Section 1603.5 may be exceeded 
for soils for combinations including earthquake when substantiated by geotechnical data. The foun­
dation shall be capable of transmitting the design base shear and overturning forces prescribed in 
Section 1628 from the structure into the supporting soil. The short-term dynamic nature of the loads 
may be taken into account in establishing the soil properties. 

1809.3 Superstructure-to-Foundation Connection. The connection of superstmcture elements 
to the foundation shall be adequate to transmit to the foundation the forces for which the elements 
were required to be designed. 

1809.4 Foundation-Soil Interface. For regular buildings, the force F1 may be omitted when de­
termining the overturning moment to be resisted at the foundation-soil interface. 

1809.5 Special Requirements for Piles and Caissons. 

1809.5.1 General. Piles, caissons and caps shall be designed according to the pfo)visions of Sec-

1 
tion I603, including the effects of lateral displacements. Special detailing requirements as de­
scribed in Section I809.5.2 shall apply for a length of piles equal to I20 percent of the flexural 
length. Flexural length shall be considered as a length of pile from the first point of zero lateral de­
flection to the underside of the pile cap or grade beam. 
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1809.5.2 Steel piles, nonprestressed concrete piles and prestressed conc1·ete piles. I 
1809.5.2.1 Steel piles. Piles shall conform to width-thickness ratios of stiffened, unstiffened and 
tubular compression elements as shown in Chapter 22, Division VIII. 

1809.5.2.2 Nonprestressed concrete piles. Piles shall have transverse reinforcement meeting I 
the requirements of Section 1921.4. 

EXCEPTION: Transverse reinforcement need not exceed the amount determined by Formula (21-2) in 
Section 1921.4.4.1 for spiral or circular hoop reinforcement or by Formula (21-4) in Section 1921.4.4.1 for 
rectangular hoop reinforcement. 

1809.5.2.3 Prestressed concrete piles. Piles shall have a minimum volumetric ratio of spiral re­
inforcement no less than 0.021 for 14-inch (356 mm) square and smaller piles, and 0.012 for I 
24-inch (61 0 mm) square and larger piles unless a smaller value can be justified by rational analysis. 
Interpolation may be used between the specified ratios for intermediate size>. 

TABLE 18-1-A-ALLOWABLE FOUNDATION AND LATERAL PRESSURE 
LATERAL BEARING LATERAL SUDING4 

ALLOWABLE LBSJSQJFTJFT. OF 
Resistance FOUNDATION DEPTH BELOW 

PRESSURE (psl)2 NATURAL GRADE3 (psf)6 

x 0.157 for kPa per X 0.0479 
CLASS OF MATERIALS1 x 0.0479 for kPa mater CoefficientS forkPa 

I. Massive crystalline bedrock 4,000 1,200 .70 

2. Sedimentary and foliated rock 2,000 400 .35 

3. Sandy gravel and/or gravel (GW and GP) 2,000 200 .35 

4. Sand, silty sand, clayey sand, silty gravel 
and clayey gravel (SW, SP, SM, SC, GM 
and GC) 1,500 ISO .25 

5. Clay, sandy clay, silty clay and clayey silt 
(CL, ML, MH and CH) 1,0007 100 130 

I For soil classifications OL, OH and PT (i.e., organic clays and peat), a foundation investigation shall be required. 
2 All values of allowable foundation pressure are for footings having a minimum width of 12 inches (305 mm) and 

a minimum depth of 12 inches (305 mm) into natural grade. Except as in Footnote 7 below, increase of 20 percent 
allowed for each additional foot (305 mm) of width or depth to a maximum value of three times the designated value. 

3May be increased the amount of the designated value for each additional foot (305 mm) of depth to a maximum of 
15 times the designated value. Isolated poles for uses such as flagpoles or signs and poles used to support buildings 
which are not adversely affected by a lfz-inch ( 13 mm) motion at ground surface due to short-term lateral loads may 
be designed using lateral bearing values equal to two times the tabulated values. 

4Lateral bearing and lateral sliding resistance may be combined. 
5coefficient to be multiplied by the dead load. 
6Lateral sliding resistance value to be multiplied by the contact area. In no case shall the lateral sliding resistance ex­

ceed one half the dead load. 
7No increase for width is allowed. 

TABLE 18-1-B-CLASSIFICATION OF EXPANSIVE SOIL 

EXPANSION INDEX POTENTIAL EXPANSION 

0-20 Very low 

21-50 Low 

51-90 Medium 

91-130 High 

Above 130 Very high 
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TABLE 18-1-C-WEIGHTED EXPANSION INDEX1 

DEPTH INTERVAL2 

x 304.8 for mm WEIGifT FACTOR 

0-1 0.4 

1-2 0.3 

2-3 0.2 

3-4 0.1 

Below 4 0 

'The weighted expansion index for nonuniform soils is determined by multiplymg the expansiOn mdex for each depth 
interval by the weight factor for that interval and summing the products. 

2Depth in feet (305 mm) below the ground surface. 

• 

I TABLE 18-1-D-FOUNDATIONS FOR STUD BEARING WALLS-MINIMUM REQUIFIEMENTS1, 2, 3 

THICKNESS OF 
FOUNDATION WALL 

(Inches) WIDTH OF THICKNESS OF DEPTH BELOW 

x 25.4formm ~~~~~~f ~~~~~~~ UNDISTURBED GR05~ND NUMBER OF FLOORS 
SUI~FACE (Inches 

SUPPORTED BY THE Unit 
FOUNDATION4 Concrete Masonry x 25.4formm 

I 6 6 12 6 12 

2 8 8 IS 7 18 

3 10 10 18 8 24 
1Where unusual conditions or frost conditions are found, footings and foundations shall be as required in Section 

1806.1. 
2The ground under the floor may be excavated to the elevation of the top of the footing. 

I 3Interior stud bearing walls may be supported by isolated footings. The footing width and lengtt shall be twice the 
width shown in this table and the footings shall be spaced not more than 6 feet (1829 mm) on center. 

4Foundations may support a roof in addition to the stipulated number of floors. Foundations su~,porting roofs only 
shall be as required for supporting one floor. 

H/2 but need not exceed 15' (4572 mm) max. H/3 but need not 
exceed 40' (12 192 mm) max. 

FIGURE 18-1-1 
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Division II-DESIGN STANDARD FOR TREATED WOOD FOUNDATION SYSTEM 

Based on National Forest Products Association, Technical Beport No. 7 

SECTION 1810 - SCOPE 

The basic design and construction requirements for treated wood foundation systems are set forth in 
this division. Included are criteria for materials, preservative treatment, soil characteristics, envi­
ronmental control, design loads and structural design. 

SECTION 1811- MATERIALS 

1811.1 Lumber. Lumber shall be of a species and grade for which allowabk unit stresses are set 
forth in Tables 23-I-A-1, 23-I-A-2, 23-I-A-4 and 23-I-A-5 and shall bear the grade mark of, or have 
a certificate of inspection issued by, an approved lumber grading or inspection bureau or agency. 

1811.2 Plywood. All plywood shall be bonded with exterior glue and be graje marked indicating 
conformance with U.B.C. Standard 23-2 and shall bear the grade mark of a1 approved plywood 
inspection agency. 

1811.3 Fasteners in Preservative-treated Wood. Fasteners in preservative-treated wood shall 
be approved silicon bronze or copper, stainless steel or hot-dipped zinc-coated steel. Silicon 
bronze, copper and stainless steel fasteners are acceptable for all ground contact and moisture situa­
tions. Hot-dipped zinc-coated nails may be used for basement and crawl spz.ce wall construction 
where polyethylene sheeting is applied to the below-grade portion of the exter or wall and for wood 
basement floor construction, provided the polyethylene sheeting is placed in accordance with Sec­
tion 1812.4. In addition, craw I space construction shall be located in soils having good drainage, 
such as GW, GP, SW, SP, GM and SM types. Other types of steel or metal fasteners shall be per­
mitted only if adequate comparative tests for corrosion resistance, including 1he effects associated 
with the wood treating chemicals, indicate an equal or better performance. Zinc-coated fasteners 
shall be coated after manufacture to their final form, including pointing, heating, threading or twist­
ing, as applicable. Electrogalvanized nails or staples and hot-dipped zinc-coawd staples shall not be 
used. 

Framing anchors shall be of hot-dipped zinc-coated A-446 Grade A shee1 steel conforming to 
U.B.C. Standard 22-1. 

1811.4 Gravel, Sand or Crushed Stone for Footings Fill. Gravel shall be washed and well 
graded. The maximum size stone shall not exceed 3/4 inch (19 mm). Gravel shall be free from organ­
ic, clayey or silty soils. 

Sand shall be coarse, not smaller than 1/ 16-inch (1.6 mm) grains and shall1Je free from organic, 
clayey or silty soils. 

Crushed stone shall have a maximum size of 1/z inch (13 mm). 

1811.5 Polyethylene Sheeting. Polyethylene sheeting shall conform to requirements approved 
by the building official. 

1811.6 Sealants. The materials used to attach the polyethylene sheets to each other or to the ply­
wood shall be capable of adhering to those materials to form a continuous Sl!al. 

The material used for caulking joints in plywood sheathing shall be capable of adhering to the 
wood to provide a moisture seal under the conditions of temperature and moi~ ture content at which 
it will be applied and used. 

1811.7 Preservative Treatment. All lumber and plywood required to be preservative treated 
shall be pressure treated and bear the FDN grade mark. After treatment, each piece of lumber and 
plywood shall be dried to a moisture content not exceeding 19 percent. Each p: ece of treated lumber 
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and plywood shall bear an approved quality mark or that of an approved inspection agency which 
maintains continuing supervision, testing and inspection over the quality of the product, and shall 
be identified. 

Where FDN lumber is cut or drilled after treatment, the cut surface shall be field treated with the 
following preservatives by repeated brushing, dipping or soaking until the wood absorbs no more 
preservative: ammoniacal copper arsenate (ACA), chromated copper arsenatf: (CCA), fluor 
chrome arsenate phenol (FCAP), acid copper chromate (ACC), or copper napthenate. 

Copper napthenate shall be prepared with a solvent conforming to AWPA Standard P5. The 
preservative concentration shall contain a minimum of 2 percent copper metal. Preparations made 
by manufacturers of preservatives can also be used. 

Waterborne preservatives ACA and CCA, Types A, B and C, shall have a mininum concentra­
tion of 3 percent in solution. Waterborne preservatives FCAP and ACC may be used for field treat­
ment of material originally treated with CCA and ACA waterborne presenatives and the 
concentration of FCAP or ACC shall be a minimum of 5 percent in solution. 

All lumber and plywood used in exterior foundation walls (except the upper top plate), all interior 
bearing wall framing and sheathing posts or other wood supports used in crawl spaces; all sleepers, 
joists, blocking and plywood subflooring used in basement floors; and all other pla1es, framing and 
sheathing in the ground or in direct contact with concrete shall be preservative treated. Where a 
significant portion of a bottom story wall is above adjacent ground level, such as when a building is 
situated on sloping terrain, the portion of wall to be considered as foundation wall s 1all be based on 
good engineering practice. Some members in such a wall may not require preservative treatment, 
such as window or door headers or the top plate. As a minimum, all exterior wall framing lumber 
and plywood sheathing less than 6 inches above finished grade shall be preservative treated. 

1811.8 Soil Characteristics. Soils are defined herein in accordance with the Uni'ied Soil Classi­
fication System (see U.B.C. Standard 18-1). Design properties are provided in Table 18-1-A or by a 
qualified soils engineer who, by approval of the building official, may assign other values based on 
soil tests or local experience. 

Backfill of CH type (inorganic clays of high plasticity) or other types of expansiYe soils shall not 
be compacted dry. Backfill with MH soil types (inorganic silts, micaceous or diatomaceous fine 
sandy or silty soils, elastic silts) shall be well compacted to prevent surface water infiltration. 

Organic soils, OL, OH and P1 are unsatisfactory for foundations unless specifically approved by 
the building official after a qualified soils engineer advises on the design of the entire soil-structural 
system. 

SECTION 1812 - DRAINAGE AND MOISTURE CONTROL 

1812.1 General. The following sections present requirements to achieve dry and ~nergy-efficient 
below-grade habitable space that is located above the permanent water table. Floors located below 
the permanent water table are not permitted unless special moisture control measuces are designed 
by persons qualified in accordance with the authority having jurisdiction. (See St:ction 1804.7.) 

1812.2 Area Drainage. Adjacent ground surface shall be sloped away from the structure with a 
gradient of at least 1/2 inch (13 mm) per foot for a distance of 6 feet (1830 mm) or nore. Provisions 
shall be made for drainage to prevent accumulation of surface water. 

1812.3 Subgrade Drainage. A porous layer of gravel, crushed stone or sand shall be placed to a 
minimum thickness of 4 inches (102 mm) under basement floor slabs and all wall footings. For 
basement construction in MH and CH type soils, the porous layer under footings and slab shall be at 
least 6 inches (!53 mm) thick. 

Where there is basement space below grade, a sump shall be provided to drain :he porous layer 
unless the foundation is installed in GW, GP, SW, SP, GM and SM type soils. The mmp shall be at 
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least 24-inch (610 mm) diameter or 20-inch (508 mm) square, shall extend at least 24 inches (610 
mm) below the bottom of the basement floor slab and shall be capable of po>itive gravity or me­
chanical drainage to remove any accumulated water. 

1812.4 Sheeting and Caulking. Polyethylene sheeting of 6-mil (0.153 mm) thickness shall be 
applied over the porous layer. A concrete slab shall be poured over the sheetin~ or a wood basement 
floor system shall be constructed on the sheeting. Where wood floors are used, the polyethylene 
sheeting shall be placed over wood sleepers supporting the floor joists. Sheeti11g should not extend 
beneath the wood footing plate. 

In basement construction, joints between plywood panels in the foundation walls shall be sealed 
full length with caulking compound. Any unbacked panel joints shall be caulked at the time the 
panels are fastened to the framing. 

Six-mil-thick (0.153 mm) polyethylene sheeting shall be applied over the bdow-grade portion of 
exterior basement walls prior to backfilling, except in GW, GP, SW, SP, GM and SM type soils. 
Joints in the polyethylene sheeting shall be lapped 6 inches (153 mm) and bonded with a sealant. 
The top edge of the polyethylene sheeting shall be bonded with a sealant to the plywood sheeting. A 
treated lumber or plywood strip shall be attached to the wall to cover the top edge of the polyethyl­
ene sheeting. The wood strip shall extend at least 2 inches (51 mm) above and 5 inches (127 mm) 
below finish grade level to protect the polyethylene from exposure to light <end from mechanical 
damage at or near grade. The joint between the strip and the wall shall be caulked full length prior to 
fastening the strip to the wall. Alternatively, asbestos-cement board, brick, stucco or other covering 
appropriate to the architectural treatment may be used in place of the wood strip. The polyethylene 
sheeting shall extend down to the bottom of the wood footing plate, but shall not overlap or extend 
into the gravel footing. 

1812.5 Perimeter Drainage Control. The space between the side of a basement excavation and 
the exterior of a basement wall shall be backfilled for half the height of the excavation with the same 
material used for footings, except that for basements located in GW, GP, SW, SP, GM and SM type 
soils, or other sites that are well drained and acceptable to the authority having jurisdiction, the 
granular fill need not exceed a height of 1 foot (305 mm) above the footing. The top of this granular 
fill outside basement foundation walls and footings shall be covered with strips of 6-mil-thick 
(0.153 mm) polyethylene sheeting or Type 30 felt, with adjacent strips lapped to provide for water 
seepage while preventing excessive infiltration of fine soils. Perforated sh~eting or other filter 
membrane may also be used to control infiltration of fines. 

1812.6 Alternate Drainage System. If a continuous concrete footing rather than a composite 
wood and gravel footing is used with the wood foundation in basement cons I ruction, the concrete 
shall be placed over a 4-inch-thick (102 mm) layer of gravel, crushed stone or sand that is arranged 
to allow drainage of water from the granular backfill outside the footing to tbe porous layer under 
the slab. Alternately, drainage across the concrete footing shall be provided t y transverse pipes or 
drain tiles embedded in the concrete every 6 linear feet (1829 mm) around the foundation. 

1812.7 Insulation. Where insulation is applied between studs in exterior bnsement walls but the 
insulation is not flush with the exterior wall sheathing and does not extend doY.n to the bottom plate, 
blocking shall be installed between the studs at the lower end of the insulation :o prevent convection 
currents. 

SECTION 1813- DESIGN LOADS 

1813.1 General. All parts of the wood foundation system shall be designed and constructed to 
provide safe support for all anticipated loads within the stress limits specified by this code. Design 
loads shall not be less than those specified in Chapter 16. 

Design loads shall include downward forces acting on the wall from dead lo.1ds and roof and floor 
live loads, plus the lateral pressure from soil. Where applicable, the founda':ion also shall be de-
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signed to resist wind, earthquake and other static or dynamic forces. The foundation system shall be 
designed for the most severe distribution, concentration or combination of design loads deemed 
proper to act on the structure simultaneously. 

1813.2 Soil Loads. Lateral pressure of the soil on the wall shall be considered in hccordance with 
Section 1609.2. 

SECTION 1814- STRUCTURAL DESIGN 

1814.1 General. Structural design of wood foundations shall be in accordance with established 
structural engineering and wood design practices as set forth in Chapter 23. 

1814.2 Allowable Stresses. Allowable unit stresses for lumber and plywood shall be as provided 
in Section 2304. Design stresses for framing lumber shall be based on use under dr~r conditions ( 19 
percent maximum moisture content), except that stresses for footing plates and crawl space framing 
shall be based on use under wet conditions. Design stresses for plywood sheathing s 1all be based on 
use under damp (moisture content 16 percent or more) conditions. 

1814.3 Allowable Loads on Fastenings. Allowable loads for steel nails and framing anchors 
shall be in accordance with Section 2311. Allowable loads for stainless steel T) pe 304 or 316, 
silicon bronze or copper nails shall be developed on a comparable basis to lmtds allowed for 
common steel nails. Allowable loads for stainless steel Type 304 or 316, silicon bronze or copper 
staples or other fasteners shall be in accordance with good engineering practice. 

1814.4 Footing Design. The treated wood foundation systems incorporate a composite footing 
consisting of a wood footing plate and a layer of gravel, coarse sand or crushed s :one. The wood 
footing plate distributes the axial design load from the framed wall to the gravel layer which in turn 
distributes it to the supporting soil. 

Soil bearing pressure under the gravel, sand or crushed stone footings shall not eJ~ceed the allow­
able soil bearing values from Table 18-1-A except as permitted by Section 1805. 

Footing plate width shall be determined by allowable bearing pressure between the footing plate 
and the granular part of the footing. Gravel, sand or crushed stone under the footing plate shall be 
compacted to provide an allowable bearing capacity of 3,000 psf (144 kPa) when required by the 
design, otherwise an allowable bearing capacity of 2,000 psf (96 kPa) shall be asmmed. 

When the footing plate is wider than the bottom wall plate, the tension stress perpendicular to 
grain induced in the bottom face of the footing plate shall not exceed one third the allowable unit 
shear stress for the footing plate. Use of plywood strips to reinforce the lumber footing plate is 
acceptable. 

Thickness and width of the granular footing shall be determined by allowable bearing pressure 
between the gravel, sand or crushed stone and the supporting soil, assuming the downward load 
from the wood footing plate is distributed outward through the gravel, sand or crushed stone footing 
at an angle of 30 degrees from vertical at each edge of the footing plate. Additionally, the gravel, 
sand or crushed stone footing shall have a width not less than twice the width and a thickness not less 
than three-quarters the width of the wood footing plate and shall be confined laterally by backfill, 
granular fill, undisturbed soil, the foundation wall or other equivalent means. 

The bottom of the wood footing plate shall not be above the maximum depth of frost penetration 
unless the gravel, sand or crushed stone footing extends to the maximum depth of frost penetration 
and is either connected to positive mechanical or gravity drainage, at or below th1: frost line, or is 
installed in GW, GP, SW, SP, GM and SM type soils where the permanent water table is below the 
frost line. A granular footing connected to a positively drained sump (see Section 1812.3) by a 
trench filled with gravel, sand or crushed stone, or by an acceptable pipe connection, shall be con­
sidered to be drained to the level of the bottom of the sump or the bottom of the connecting trench or 
pipe, whichever is higher. 
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Where the bottom of the wood footing plate of a crawl space wall is not below the frost line, the 
top of the gravel, sand or crushed stone outside the wall shall be covered a~ required in Section 
1812.5 for basement construction to prevent excessive infiltration of fine soi Is. 

Where a wood footing plate is close to finished grade, such as when a deep granular footing is 
used to reach the frost line, the granular footing shall be protected against surface erosion or 
mechanical disturbance. 

Posts and piers and their footings in basements or crawl spaces shall be in accordance with 
Sections 1806 and 2317. 

Footings under posts or piers may be of treated wood, treated wood and gravel, precast concrete 
or other approved material. 

1814.5 Foundation Wall Design. Foundation wall studs shall be designed for stresses due to 
combined bending moment and axial loading resulting from lateral soil pre:;sure and downward 
live and dead loads on the foundation wall, and for shear stresses due to lateral wil pressure. Top and 
bottom wall plates shall be designed for bearing of the studs on the plates. Join1s in footing plate and 
upper top plate shall be staggered at least one stud space from joints in the adjacent plate to provide 
continuity between wall panels. Framing at openings in wall and floor systems and at other points of 
concentrated loads shall be designed with adequate capacity for the concent:ated loads. 

Plywood wall sheathing shall be designed for the shear and bending moment between studs due 
to soil pressures. 

Joints, fastenings and connections in the wood foundation system shall be adequate to transfer all 
vertical and horizontal forces to the footing or to the applicable floor system. Connections at the top 
of the foundation wall shall be designed to transfer lateral soil load into the floor assembly. Lateral 
load at the bottom of a basement wall shall be transferred to the basement floor through bearing of 
the studs against the floor. Lateral load at the bottom of a crawl space wall s~ all be resisted by the 
soil inside the footing. 

Foundation walls subject to racking loads due to earthquake, wind or diU~rential soil pressure 
forces shall be designed with adequate shear strength to resist the most severe racking load or 
combination of loads, but earthquake and wind forces shall not be assumed t<) act simultaneously. 
Where a bottom wall plate of l-inch (25 mm) nominal thickness has been used, the bottom of the 
wall shall be considered an unsupported panel edge when determining shear resistance of the wall. 

1814.6 Interior Load-bearing Walls. Interior load-bearing walls in basements or crawl spaces 
shall be designed to carry the applicable dead and live loads in accordance with standard 
engineering practice and the requirements of this code. 

1814.7 Basement Floor Design. Concrete slab basement floors shall be designed in accordance 
with requirements of this code but shall not be less than 31/2 inches (89 mm) in thickness. 

Wood basement floors shall be designed to withstand axial forces and bendi 1g moments resulting 
from lateral soil pressures at the base of the exterior foundation walls and floor and live and dead 
loads. Floor framing shall be designed to meet joist deflection requirements of this code. 

Unless special provision is made to resist sliding caused by unbalanced laleral soil loads, wood 
basement floors shall be limited to applications where the differential depth of fill on opposing exte­
rior foundation walls is 2 feet (610 mm) or less. 

Joists in wood basement floors shall bear tightly against the narrow face of s:uds in the foundation 
wall or directly against a band joist which bears on the studs. Plywood subfloor shall be continuous 
overlapped joists or over butt joints between in-line joists. Where joists are parallel to the wall, suf­
ficient blocking shall be provided between joists to transfer lateral forces from the base of the wall 
into the floor system. 

Where required, resistance to uplift or restraint against buckling shall be provided by interior 
bearing walls or appropriately designed stub walls anchored in the supporting soil below. 
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Sleepers, joists, blocking and plywood subflooring used in basement floors shall meet the treat­
ment requirements of Section 1811.7. 

1814.8 Uplift or Overturning. Design of the structure for uplift or overturning shall be in accor­
dance with the requirements of this code. 
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TABLE 18-111-A-DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB 
FOR A CENTER LIFT SWELLING CONDITION IN PREDOMINANTLY KAOLINITE CLAY SOIL 

(30 PERCENT CLAY) 

DIFFERENTIAL SWELL (inch) 

x25.4tor mm 
DEPTH TO VELOCITY OF 
CONSTANT MOISTURE Edge Distance Penetration 
SUCTION FLOW 

PERCENT 
(H.) 

CONSTANT (Inches/month) x 304.8 tor mm 

CLAY x304.81or SUCTION x 25.41or 
(%) mm (pF) mmJmonth 1 H. 2ft. 3ft. 4ft. 5H. &H. 7ft. an. 
30 3 3.2 0.1 0.001 0.001 0.002 0.002 0.003 0.004 0.004 0.005 

0.3 0.002 0.004 0.006 0.007 0.009 0.011 0.013 0.015 
0.5 0.003 0.005 0.008 0.011 0.015 0.018 0.021 0.025 
0.7 0.004 0.008 0.012 0.017 0.021 0.026 0.032 0.038 

3.4 0.1 0.001 0.002 0.003 0.004 0.006 0.007 0.008 0.009 
0.3 0.004 0.008 0.011 O.oJ5 0.020 0.024 0.029 0.034 
0.5 0.006 0.012 0.019 0.026 0.034 0.044 0.054 0.067 
0.7 0.008 0.017 0.027 O.D38 0.052 0.069 0.091 0.124 

3.6 0.1 0.003 0.006 0.009 0.012 O.oJ5 0.019 0.022 0.026 
0.3 0.008 0.017 0.027 0.040 0.055 0.073 0.099 0.137 
0.5 0.014 0.030 0.050 0.077 0.117 0.192 0.370 0.881 
0.7 0.018 0.042 0.074 0.125 0.226 0.487 1.252 3.530 

5 3.2 0.1 0.001 0.003 0.004 0.005 0.007 0.008 0.010 0.012 
0.3 0.004 0.008 0.012 0.016 0.020 O.D25 0.029 0.034 
0.5 0.007 0.013 0.020 0.028 0.035 0.043 0.051 0.060 
0.7 0.009 0.019 0.029 0.040 0.051 0.062 O.D75 0.089 

3.4 0.1 0.003 0.005 0.008 0.011 0.014 0.017 0.020 0.023 
0.3 0.008 0.016 0.025 0.034 0.044 0.055 0.066 O.D78 
0.5 0.014 O.D28 0.043 0.060 0.079 0.100 0.125 0.153 
0.7 O.oJ8 0.039 0.062 0.088 0.119 0.157 0.207 0.279 

3.6 0.1 0.006 0.013 0.020 0.027 0.034 0.042 0.050 0.059 
0.3 0.019 0.040 0.063 0.091 0.123 0.163 0.217 0.300 
0.5 0.030 0.067 0.112 0.171 0.258 0.413 0.776 1.797 
0.7 0.042 0.096 0.166 0.276 0.486 1.009 2.499 6.879 

7 3.2 0.1 0.002 0.004 0.007 0.009 0.012 0.015 0.017 0.020 
0.3 0.007 O.Q15 0.022 0.030 0.038 0.046 0.055 0.063 
0.5 0.012 0.025 0.038 0.051 0.065 0.080 0.095 0.111 
0.7 0.017 0.035 0.063 0.073 0.093 0.115 0.139 0.164 

3.4 0.1 0.005 0.010 0.016 0.021 0.026 0.031 0.037 0.042 
0.3 0.015 0.030 0.046 0.063 0.081 0.100 0.121 0.142 
0.5 0.024 0.050 0.079 0.110 0.144 0.184 0.228 0.281 
0.7 0.034 0.071 0.113 0.616 0.218 0.287 0.379 0.514 

3.58 0.1 0.011 0.022 0.033 0.045 0.057 0.069 0.082 0.096 
0.3 0.032 0.066 0.124 0.147 0.197 0.257 0.332 0.436 
0.5 0.051 0.110 0.182 0.272 0.396 0.596 1.006 2.098 
0.7 0.071 0.157 0.269 0.431 0.712 1.346 3.081 8.129 
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18·111-B 1994 UNIFORM BUILDING CODE 

TABLE 18-111-B-DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR 
A CENTER LIFT SWELLING CONDITION IN PREDOMINANTLY KAOLINITE CLAY SOIL 

(40 PERCENT CLAY) 

DIFFERENTIAL SWELL (inch) 

x25.41ormm 
DEPTH TO VELOCITY OF 
CONSTANT MOISTURE Edge Distance Penetration 
SUCTION FLOW 

PERCENT 
(ft.) 

CONSTANT 
(lnchH/IIIonlh) x 304.81or mm 

CLAY x 304.8 for SUCTION x25.41or 
(%) mm (pF) mmJmonlh 1ft. 2ft. 3ft. 4ft. 5ft. 6ft. 7ft. an. 
40 3 3.2 0.1 0.001 0.001 0.002 0.002 0.004 0.005 0.006 0.006 

0.3 0.002 0.004 0.006 0.009 0.011 0.014 0.016 0.019 
0.5 0.004 0.008 0.012 0.016 0.020 0.024 0.029 0.034 
0.7 0.005 0.010 0.016 0.022 0.029 O.o35 0.043 0.050 

3.4 0.1 0.002 0.004 0.005 0.007 0.008 0.009 0.011 0.014 
0.3 0.004 0.009 0.014 0.020 0.025 0.032 O.o38 0.044 
0.5 0.007 0.016 0.074 0.037 0.046 0.058 0.073 0.090 
0.7 O.Olt 0.023 0.036 0.051 0.070 0.092 0.122 0.166 

3.6 0.1 0.003 0.007 O.Olt 0.015 0.020 0.024 0.029 0.034 
0.3 0.010 0.023 0.037 0.053 0.072 0.097 0.131 0.183 
0.5 0.018 0.040 0.066 0.102 0.157 0.256 0.496 1.181 
0.7 0.025 0.056 0.100 0.168 0.303 0.653 1.677 4.728 

5 3.2 0.1 0.002 0.004 0.006 0.007 0.009 0.011 0.013 0.015 
0.3 0.005 O.Olt 0.016 0.022 0.028 0.033 0.039 0.046 
0.5 0.009 O.ot8 0.027 0.037 0.047 0.057 0.068 0.080 
0.7 0.012 0.025 O.o38 0.053 0.067 0.083 0.100 0.118 

3.4 0.1 0.003 0.007 O.Olt 0.015 0.019 0.023 0.027 0.031 
0.3 0.011 0.022 0.034 0.046 0.059 0.073 0.088 0.104 
0.5 O.ot8 0.037 0.148 0.081 0.106 0.134 0.167 0.206 
0.7 0.025 0.052 0.083 0.118 0.159 0.210 0.277 0.374 

3.6 0.1 0.008 0.017 0.027 0.036 0.046 0.057 0.068 0.079 
0.3 0.026 0.054 0.085 0.122 0.165 0.219 0.292 0.401 
0.5 0.041 0.090 0.150 0.229 0.346 0.553 1.040 2.408 
0.7 0.057 0.128 0.224 0.371 0.652 1.353 3.349 9.215 

7 3.2 0.1 0.003 0.006 0.010 0.013 0.017 0.020 0.023 0.027 
0.3 0.010 0.020 0.030 0.040 0.051 0.062 0.073 0.084 
0.5 0.016 0.033 0.051 0.069 0.087 0.107 0.127 0.148 
0.7 0.023 0.046 0.071 0.098 0.125 0.155 0.186 0.220 

3.4 0.1 0.006 0.013 0.020 0.027 0.034 0.041 0.048 0.056 
0.3 0.020 0.041 0.062 0.085 0.109 0.135 0.162 0.191 
0.5 0.033 0.069 0.107 0.148 0.194 0.246 0.306 0.377 
0.7 0.045 0.095 0.152 0.216 0.292 0.385 0.507 0.689 

3.58 0.1 0.014 0.029 0.044 0.060 0.076 0.093 0.110 0.129 
0.3 0.042 0.087 0.138 0.196 0.263 0.343 0.444 0.583 
0.5 0.069 0.148 0.244 0.365 0.531 0.799 1.348 2.791 
0.7 0.095 0.210 ~60 0.577 0.953 1.803 4.126 -
-- -- -
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1994 UNIFORM BUILDING CODE 18-111-C 

TABLE 18-111-C-DIFFERENTIAL SWELL OCCU~RING AT THE PERIMETER OF A SLAB FOR 
A CENTER LIFT SWELLING CONDITION IN,.PREDOMINANTLY KAOUNITE CLAY SOIL 

(50 F'ERQEHT CLAY) . 

DIFFERENTIAL SWELL (Inch) 

x25.41ormm 
DEPTH TO VELOCITY OF 
CONSTANT MOISTURE Edge Distance Penetration 
SUCTION FLOW 

PERCENT 
(II.) 

CONSTANT 
(Inches/month) x 304.8 tor mm 

CLAY x304.81or SUCTION x25.4tor 
(%) mm (pF) nun/month 111. 211. 311. 411. 511. 611. 711. 811. 

50 3 3.2 0.1 0.001 0.002 0.002 0.003 0.004 0.005 0.006 0.007 
Q.3 0.003 0.005 0.008 0.011 0.014 O.Ql8 0.021 0.024 
0.5 0.004 0.009 0.014 0.019 O.o25 0.030 0.036 0.042 
0.7 0.006 0.013 0.020 0.028 0.036 0.044 0.053 0.063 

3.4 0.1 0.002 0.004 0.006 0.008 0.010 0.012 O.Ql5 0.017 
0.3 0.006 0.012 O.Ql8 O.Q25 0.032 0.040 0.048 0.057 
0.5 0.009 0.020 0.031 0.043 0.057 0.073 0.091 0.113 
0.7 0.013 0.028 0.044 0.064 0.086 0.115 0.153 0.207 

3.6 0.1 0.005 0.009 0.014 0.020 0.025 0.031 0.037 0.044 
0.3 0.014 0.029 0.046 0.067 0.091 0.123 0.165 0.230 
0.5 0.022 0.049 0.083 0.127 0.196 0.321 0.620 1.480 
0.7 0.031 0.070 0.124 0.210 0.380 0.818 2.103 5.926 

5 3.2 0.1 0.002 0.005 0.007 0.009 0.011 0.014 0.016 O.Ql8 
0.3 0.007 0.014 0.020 0.027 O.Q35 0.042 0.050 0.057 
0.5 0.011 0.022 0.034 0.046 0.059 0.072 0.086 0.100 
0.7 O.Ql5 0.031 0.048 0.066 0.084 0.104 0.125 0.148 

3.4 0.1 0.005 0.009 0.014 0.019 0.024 0.029 0.034 0.039 
0.3 0.013 0.027 0.042 0.058 0.074 0.092 0.110 0.130 
0.5 0.023 0.047 0.073 0.101 0.133 0.168 0.209 0.258 
0.7 0.031 0.066 0.105 0.148 0.200 0.264 0.347 0.469 

3.6 0.1 0.011 0.022 0.033 0.045 0.058 0.071 0.085 0.099 
0.3 0.031 0.066 0.106 0.151 0.206 0.274 0.365 0.502 
0.5 0.051 0.113 0.188 0.288 0.434 0.694 1.303 3.018 
0.7 0.071 0.160 0.281 0.465 0.817 1.696 4.196 -

7 3.2 0.1 0.004 0.008 0.013 0.017 0.021 0.025 0.030 0.034 
0.3 0.012 0.024 0.037 0.050 0.064 0.077 0.091 0.106 
0.5 0.021 0.042 0.064 0.086 0.110 0.134 0.159 0.186 
0.7 0.028 0.058 0.090 0.122 0.157 0.194 0.233 0.276 

3.4 0.1 0.008 0.017 0.025 0.034 0.043 0.052 0.061 0.070 
0.3 0.025 0.051 O.Q78 0.107 0.137 0.169 0.203 0.240 
0.5 0.041 0.085 0.133 0.185 0.243 0.308 0.383 0.472 
0.7 0.057 0.120 0.191 0.272 0.366 0.483 0.636 0.864 

3.58 0.1 O.Ql8 0.036 0.055 0.074 0.095 0.116 0.138 0.161 
0.3 0.053 0.111 0.174 0.246 0.330 0.430 0.557 0.732 
0.5 0.086 0.186 0.306 0.457 0.666 1.001 1.690 3.499 
0.7 0.119 0.263 0.452 0.723 1.194 2.260 5.172 -
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18-111-D 1994 UNIFORM BUILDING CODE 

TABLE 18-111-D-DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR 
A CENTER LIFT SWELLING CONDITION IN PREDOMINANTLY KAOLINITE CLAY SOIL 

{60 PERCENT CLAY) 

DIFFERENTIAL SWELL (inch) 

x25.41ormm 
DEPTH TO VELOCITY OF 
CONSTANT MOISTURE Edge Distance Penetration 
SUCTION FLOW 

PERCENT 
(II.) 

CONSTANT 
(Inches/month) x 304.8 tor mm 

CLAY x304.81or SUCTION x25.41or 
(%) mm (pF) mill/month 1ft. 211. 311. 411. 511. 611. 711. an. 
60 3 3.2 0.1 0.001 0.003 0.004 0.005 0.006 0.007 0.008 0.010 

0.3 0.003 0.007 0.010 0.014 O.ot8 0.021 O.OZ5 0.029 
0.5 0.006 0.012 O.ot8 0.024 0.030 0.037 0.044 0.052 
0.7 0.008 0.017 0.025 0.034 0.044 0.054 0.065 0.077 

3.4 0.1 0.002 0.005 0.007 0.010 0.012 O.ot5 0.017 0.020 
0.3 0.007 0.014 0.022 0.030 0.038 0.047 0.057 0.068 
0.5 0.012 0.024 O.o38 0.053 0.069 0.088 0.110 0.136 
0.7 0.016 0.033 0.053 0.077 0.104 0.138 0.184 0.249 

3.6 0.1 0.006 0.012 O.ot8 0.024 0.031 O.o38 0.045 0.053 
0.3 0.017 O.o35 0.056 0.081 0.110 0.148 0.199 0.278 
0.5 0.026 0.059 0.099 0.154 0.236 0.386 0.745 1.779 
0.7 0.036 0.083 0.149 0.252 0.455 0.983 2.527 7.124 

5 3.2 0.1 0.003 0.005 0.008 0.011 0.014 0.016 0.019 0.022 
0.3 0.008 0.016 0.025 0.033 0.042 0.051 0.060 0.069 
0.5 0.013 0.027 0.041 0.056 0.071 0.087 0.103 0.120 
0.7 0.019 0.038 0.058 0.080 0.102 0.126 0.151 0.178 

3.4 0.1 0.006 0.011 0.017 0.023 0.029 0.034 0.041 0.047 
0.3 0.016 0.033 0.051 0.069 0.089 0.110 0.132 0.156 
0.5 O.Q28 0.056 0.087 0.122 0.160 0.202 0.252 0.310 
0.7 0.037 0.078 0.125 0.177 0.240 0.316 0.417 0.564 

3.6 0.1 0.013 0.027 0.040 0.055 0.070 0.086 0.102 0.120 
0.3 O.o38 0.080 0.077 0.182 0.248 0.329 0.439 0.604 
0.5 0.062 0.135 0.226 0.345 0.521 0.834 1.566 3.628 
0.7 0.086 0.193 0.337 0.559 0.982 2.039 5.049 -

7 3.2 0.1 0.005 0.010 0.016 0.021 0.026 0.031 0.036 0.041 
0.3 0.015 0.030 0.046 0.061 0.078 0.094 0.111 0.128 
0.5 0.025 0.050 0.077 0.104 0.132 0.161 0.192 0.224 
0.7 0.034 0.070 0.108 0.147 0.189 0.233 0.281 0.332 

3.4 0.1 0.010 0.020 0.030 0.041 0.052 0.062 0.073 0.085 
0.3 0.030 0.061 0.093 0.128 0.164 0.202 0.243 0.287 
0.5 0.050 0.103 0.160 0.223 0.292 0.371 0.461 0.568 
0.7 0.069 0.144 0.229 0.326 0.440 0.580 0.765 1.038 

3.58 0.1 0.021 0.043 0.066 0.089 0.114 0.139 0.166 0.194 
0.3 0.063 0.131 0.208 0.295 0.396 0.516 0.669 0.879 
0.5 0.103 0.223 0.367 0.549 0.800 1.203 2.031 4.205 
0.7 0.142 0.316 0.543 0.870 1.436 2.717 6.217 -
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1994 UNIFORM BUILDING CODE 18-111-E 

TABLE 18-111-E-DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR 
A CENTER LIFT SWELLING CONDITION IN PREDOMINANTLY KAOLINITE CLAY SOIL 

(70 PERCENT CLAY) 

DIFFERENTIAL SWELL (inch) 

x 25.41ormm 
DEPTH TD VELOCITY DF 
CONSTANT MOISTURE Edp Distance Penetration 
SUCTION FLOW 

PERCENT 
(H.) 

CONSTANT 
(Inches/month) x 304.8 tor mm 

CLAY x 304.81or SUCTION x25.41or 
(%) mm (pF) mm/monlh 1ft. 2ft. 3ft. 4ft. 511. 6ft. 7ft. an. 
70 3 3.2 0.1 0.001 0.003 0.004 0.005 0.007 0.008 0.010 0.011 

0.3 0.004 0.008 0.012 0.016 0.021 O.D25 0.029 0.034 
0.5 0.006 0.013 0.020 0.027 O.o35 0.042 0.051 0.060 
0.7 0.010 0.019 0.029 0.040 0.051 0.063 0.076 0.089 

3.4 0.1 0.003 0.005 0.008 0.011 0.014 0.017 0.020 0.023 
0.3 0.008 0.017 0.026 0.035 0.045 0.056 0.067 0.079 
0.5 0.014 O.D28 0.044 0.062 0.081 0.103 0.129 0.159 
0.7 0.019 0.039 0.063 0.090 0.122 0.162 0.215 0.292 

3.6 0.1 0.006 0.013 0.020 0.027 0.035 0.043 0.052 0.061 
0.3 0.019 0.041 0.065 0.094 0.128 0.172 0.232 0.324 
0.5 0.032 0.069 0.117 0.180 0.276 0.451 0.871 2.079 
0.7 0.043 0.098 0.174 0.294 0.532 1.148 2.952 8.322 

5 3.2 0.1 0.003 0.006 0.009 0.013 0.016 0.019 0.022 0.026 
0.3 0.010 0.019 0.029 0.039 0.049 0.059 0.070 0.080 
0.5 0.016 0.032 0.048 0.065 0.083 0.101 0.120 0.140 
0.7 0.022 0.044 0.068 0.093 0.119 0.146 0.176 0.208 

3.4 0.1 0.006 0.012 0.019 0.026 0.033 0.039 0.046 0.054 
0.3 0.018 0.038 0.059 0.081 0.104 0.128 0.155 0.183 
0.5 0.031 0.065 0.101 0.141 0.185 0.235 0.293 0.361 
0.7 0.043 0.082 0.146 0.207 0.280 0.370 0.487 0.659 

3.6 0.1 O.D15 0.030 0.046 0.063 0.081 0.099 0.119 0.139 
0.3 0.045 0.094 0.149 0.213 0.290 0.385 0.512 0.706 
0.5 0.072 0.158 0.264 0.404 0.609 0.974 1.830 4.239 
0.7 0.100 0.225 0.394 0.653 1.147 2.381 5.893 -

7 3.2 0.1 0.006 0.011 0.017 0.023 0.029 0.035 0.041 0.047 
0.3 O.D18 O.o35 0.053 0.072 0.090 0.110 0.129 0.149 
0.5 0.030 0.059 0.090 0.121 0.154 0.188 0.224 0.262 
0.7 0.040 0.082 0.126 0.172 0.221 0.273 0.328 0.388 

3.4 0.1 0.012 0.024 0.036 0.048 0.060 0.073 0.086 0.099 
0.3 O.o35 0.071 0.109 0.149 0.192 0.237 0.284 0.336 
0.5 0.057 0.119 0.186 0.260 0.341 0.432 0.538 0.663 
0.7 0.080 0.168 0.267 0.381 0.514 0.678 0.893 1.213 

3.58 0.1 O.D25 0.050 0.077 0.104 0.133 0.163 0.194 0.227 
0.3 0.073 0.154 0.244 0.345 0.463 0.604 0.782 1.028 
0.5 0.120 0.260 0.429 0.642 0.935 1.406 2.373 4.913 
0.7 0.166 0.369 0.634 1.016 1.677 3.175 7.263 -
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18·111-F 1994 UNIFORM BUILDING CODE 

TABLE 18-111-F-DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR 
A CENTER LIFT SWELLING CONDITION IN PREDOMINANTLY ILLITE CLAY SOIL 

(30 PERCENT CLAY) 

DIFFERENTIAL SWELL (inch) 

x25.4formm 
DEPTH TO VELOCITY OF 
CONSTANT MOISTURE Edll DlstaiiCa Penetration 
SUCTION FLOW 

PERCENT 
(H.) 

CONSTANT 
(lnchll/month) x 304.8 fur mm 

CLAY x 304.8 for SUCTION x 25.4 for 
(%) mm (pF) mmtmonth 1 n. 2ft. 3ft. 4ft. 5H. 6ft. 7ft. an. 
30 3 3.2 0.1 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.010 

0.3 0.003 0.007 0.010 0.014 0.017 0.021 0.025 0.029 
0.5 0.006 0.012 O.oJ8 0.024 0.030 0.037 0.044 0.051 
0.7 0.008 0.016 0.024 0.033 0.043 0.053 0.064 O.o75 

3.4 0.1 0.003 0.005 0.007 0.010 0.012 O.oi5 0.017 0.020 
0.3 0.007 0.014 0.022 0.030 O.o38 0.047 0.057 0.067 
0.5 0.011 0.024 0.037 0.052 0.068 0.087 0.109 0.135 
0.7 0.016 0.034 0.054 0.077 0.104 0.138 0.182 0.248 

3.6 0.1 0.005 0.011 0.017 0.023 0.030 0.037 0.044 0.051 
0.3 0.016 0.035 0.055 0.080 0.109 0.146 0.197 0.274 
0.5 0.027 0.058 0.098 0.152 0.234 0.382 0.737 1.760 
0.7 0.036 0.083 0.147 0.249 0.451 0.973 2.500 7.049 

5 3.2 0.1 0.003 0.006 0.008 0.011 0.014 0.016 0.019 0.022 
0.3 0.008 0.016 0.024 0.032 0.041 0.050 0.059 0.068 
0.5 0.013 0.027 0.041 0.055 0.070 0.086 0.102 0.119 
0.7 0.018 0.037 0.057 O.o78 0.100 0.124 0.149 0.176 

3.4 0.1 0.005 0.011 0.016 0.022 O.OZ8 0.034 0.040 0.046 
0.3 0.016 0.033 0.051 0.069 0.089 0.109 0.131 0.155 
0.5 0.027 0.055 0.086 0.120 0.157 0.200 0.248 0.306 
0.7 0.037 O.o78 0.124 0.176 0.238 0.319 0.413 0.558 

3.6 0.1 0.012 0.025 0.039 0.053 0.068 0.084 0.100 0.118 
0.3 0.037 0.079 0.126 0.180 0.245 0.326 0.434 0.598 
0.5 0.062 0.134 0.224 0.342 0.516 0.825 1.551 3.591 
0.7 0.084 0.190 0.333 0.553 0.971 2.016 4.991 -

7 3.2 0.1 0.005 0.010 O.oi5 0.020 O.OZ5 O.o30 0.035 0.041 
0.3 O.oJ5 0.030 0.045 0.061 0.076 0.093 0.109 0.126 
0.5 O.o25 0.050 0.076 0.103 0.131 0.160 0.190 0.221 
0.7 0.034 0.070 0.107 0.146 0.187 0.231 0.278 0.329 

3.4 0.1 0.010 0.020 0.030 0.041 0.051 0.062 0.073 o:o84 
0.3 0.029 0.060 0.092 0.126 0.162 0.200 0.241 0.284 
0.5 0.048 0.102 0.158 0.221 0.288 0.367 0.456 0.562 
0.7 0.068 0.143 0.227 0.323 0.436 0.574 0.757 1.028 

3.58 0.1 0.021 0.042 0.065 0.088 0.113 0.138 0.164 0.191 
0.3 0.062 0.131 0.207 0.292 0.392 0.511 0.662 0.870 
0.5 0.103 0.221 0.363 0.543 0.792 1.191 2.010 4.162 
0.7 L. 0.141 0.313 0.537 0.861 I~ 2.689 ~153 -

---· -· 
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1994 UNIFORM BUILDING CODE 18-111-G 

TABLE 18-111-G-DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR 
A CENTER LIFT SWELLING CONDITION IN PREDOMINANTLY ILLITE CLAY SOIL 

(40 PERCENT CLNf) 

DIFFERENTIAL SWELL (Inch) 

x 25.41ormm 
DEPTH TO VELOCITY OF 
CONSTANT MOISTURE Edge Distance Penetration 
SUCTION FLOW 

PERCENT 
(II.) 

CONSTANT 
(IncheS/month) x 304.81or mm 

CLAY x304.81or SUCTION x25.41or 
(%) mm (pF) mmJmonlh 111. 2ft. 311. 4ft. 511. 611. 711. 811. 

40 3 3.2 0.1 0.002 0.003 0.005 0.007 0.008 0.010 0.012 0.014 
0.3 0.005 0.010 0.015 0.020 0.026 0.031 0.037 0.042 
0.5 0.008 0.016 0.025 0.034 0.043 0.052 0.063 0.073 
0.7 0.011 0.023 O.Q35 0.048 0.062 0.076 0.092 0.109 

3.4 0.1 0.003 0.006 0.010 0.013 0.017 0.020 0.024 0.028 
0.3 0.010 0.021 0.032 0.043 0.055 0.068 0.082 0.098 
0.5 0.017 0.034 0.054 O.Q75 0.099 0.126 0.157 0.194 
0.7 0.023 0.048 0.077 0.110 0.149 0.198 0.263 0.357 

3.6 0.1 0.008 0.017 0.025 0.034 0.044 0.054 0.064 O.Q75 
0.3 0.023 0.050 0.080 0.115 0.157 0.211 0.284 0.396 
0.5 0.039 0.085 0.142 0.220 0.338 0.552 1.065 2.542 
0.7 0.053 0.120 0.213 0.360 0.651 1.405 3.611 -

5 3.2 0.1 0.004 0.007 0.011 O.ot5 0.019 0.023 0.027 0.031 
0.3 0.012 0.024 O.Q35 0.047 0.060 0.072 0.085 0.098 
0.5 0.019 0.039 0.059 0.080 0.101 0.124 0.147 0.172 
0.7 0.026 0.054 0.083 0.113 0.145 0.179 0.215 0.254 

3.4 0.1 0.007 O.ot5 0.023 0.031 0.040 0.048 0.057 0.065 
0.3 0.023 0.047 0.073 0.099 0.128 0.157 0.189 0.224 
0.5 0.039 0.080 0.124 0.173 0.227 0.288 0.358 0.442 
0.7 0.053 0.112 0.178 0.254 0.343 0.452 0.596 0.805 

3.6 0.1 O.ot8 0.037 0.057 0.077 0.099 0.121 0.145 0.170 
0.3 0.054 0.114 0.182 0.261 0.354 0.471 0.627 0.863 
0.5 0.089 0.194 0.323 0.494 0.745 1.192 2.239 5.184 
0.7 0.122 0.275 0.482 0.799 1.403 2.912 7.207 -

7 3.2 0.1 0.007 0.014 0.021 0.029 0.036 0.043 0.051 0.058 
0.3 0.022 0.043 0.065 0.088 0.111 0.134 0.158 0.183 
0.5 0.035 0.072 0.109 0.148 0.188 0.230 0.274 0.320 
0.7 0.049 0.100 0.154 0.210 0.270 0.330 0.401 0.474 

3.4 0.1 O.ot5 0.030 0.045 0.060 O.Q75 0.091 0.106 0.122 
0.3 0.042 0.067 0.134 0.183 0.234 0.289 0.348 0.410 
0.5 0.070 0.146 0.228 0.318 0.417 0.528 0.657 0.811 
0.7 0.098 0.207 0.328 0.466 0.629 0.829 1.093 1.484 

3.58 0.1 0.030 0.062 0.094 0.128 0.163 0.199 0.236 0.277 
0.3 0.090 0.188 0.298 0.422 0.566 0.738 0.956 1.256 
0.5 0.147 0.318 0.524 0.784 1.143 1.719 2.902 6.008 
0.7 0.203 0.451 0.775 1.242 2.051 3.883 8.882 -
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18-111-H 1994 UNIFORM BUILDING CODE 

TABLE 18-111-H-DIFFEREtmAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR 
A CENTER LIFT SWELLING CONDITION IN PREDOMINANTLY ILLITE CLAY SOIL 

(50 PERCENT CLAY) 

DIFFERENTIAL SWELL (Inch) 

x25.41ormm 
DEPTH TD VELDCITYDF 
CONSTANT MOISTURE Edge Distance Penetration 
SUCTION FLOW 

x 304.8 lor mm 
PERCENT 

(ft.) 
CONSTANT 

(lllclla/lllonth) 
CLAY x304.81or SUCTION x 25.41or 
(%) mm (pf) IDIJI/IIIOnth 1ft. 2ft. 3ft. 4ft. 5ft. 6ft. 7ft. an. 
50 3 3.2 0.1 0.002 0.004 0.006 0.008 0.010 0.013 O.ot5 0.017 

0.3 0.006 0.013 0.019 0.026 0.033 0.040 0.047 0.055 
0.5 0.010 0.021 0.033 0.042 0.056 0.069 0.082 0.096 
0.7 0.014 0.030 0.046 0.063 0.081 0.099 0.120 0.142 

3.4 0.1 0.004 0.009 0.013 O.ot8 0.022 0.027 0.032 0.037 
0.3 0.013 0.026 0.041 0.056 0.072 0.089 0.107 0.127 
0.5 0.022 0.045 0.070 0.098 0.129 0.164 0.205 0.254 
0.7 0.030 0.063 0.101 0.144 0.1% 0.260 0.344 0.467 

3.6 0.1 0.011 0.021 0.033 0.045 0.057 0.070 0.084 0.098 
0.3 0.031 0.065 0.105 0.150 0.206 0.276 0.372 0.518 
0.5 0.050 0.111 0.185 0.287 0.441 0.721 1.391 3.322 
0.7 0.069 0.156 0.278 0.470 0.851 1.836 4.720 -

5 3.2 0.1 0.005 0.010 O.ot5 0.020 0.026 0.031 0.036 0.041 
0.3 O.ot5 0.030 0.046 0.062 0.078 0.094 0.111 0.128 
0.5 O.Q25 0.051 0.077 0.104 0.133 0.162 0.193 0.225 
0.7 0.035 0.071 0.110 0.148 0.190 0.235 0.282 0.333 

3.4 0.1 0.010 0.021 0.031 0.042 0.053 0.064 O.o75 0.086 
0.3 0.031 0.062 0.096 0.131 0.167 0.207 0.248 0.293 
0.5 0.051 0.104 0.163 0.227 0.298 0.377 0.469 0.579 
0.7 0.070 0.147 0.233 0.332 0.449 0.592 0.779 1.054 

3.6 0.1 0.025 0.049 0.075 0.102 0.130 0.160 0.191 0.224 
0.3 0.071 0.150 0.239 0.341 0.463 0.615 0.820 1.129 
0.5 0.116 0.253 0.423 0.646 0.974 1.558 2.927 6.778 
0.7 0.159 0.359 0.629 1.043 1.834 3.807 9.422 -

7 3.2 0.1 0.009 O.ot8 0.028 0.037 0.047 0.056 0.066 0.076 
0.3 0.028 0.056 0.085 0.114 0.144 0.175 0.206 0.238 
0.5 0.046 0.094 0.143 0.193 0.246 0.301 0.358 0.418 
0.7 0.064 0.131 0.201 0.275 0.353 0.436 0.524 0.620 

3.4 0.1 0.019 0.038 0.057 0.077 0.097 0.117 0.138 0.159 
0.3 0.055 0.114 0.175 0.239 0.307 0.378 0.455 0.537 
0.5 0.092 0.192 0.299 0.416 0.546 0.692 0.860 1.061 
0.7 0.129 0.271 0.429 0.610 0.823 1.085 1.429 1.940 

3.58 0.1 0.040 0.081 0.123 0.167 0.213 0.261 0.310 0.362 
0.3 0.117 0.246 0.389 0.551 0.739 0.965 1.250 1.642 
0.5 0.193 0.417 0.685 1.026 1.495 2.248 3.795 7.856 
0.7 0.265 0.590 1.013 1.624 2.682 5.075 - -
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Till 

1994 UNIFORM BUILDING CODE 18·111·1 

TABLE 18-111·1--DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR 
A CENTER LIFT SWELLING CONDITION IN PREDOMINANTLY ILLITE CLAY SOIL 

(60 PERCENT CLAY) 

DIFFERENTIAL SWELL (inch} 

x25.41or mm 
DEPTH TO VELOCITY OF 
CONSTANT MOISTURE Edge Distance Penetration 
SUCTION FLOW 

PERCENT 
(ft.} 

CONSTANT 
(Inches/month} x 304.8 lor mm 

CLAY x 304.81or SUCTION x 25.41or 
(%} mm (pf} mm/montb 1 n. 211. 311. 411. 511. 611. 711. an. 
60 3 3.2 0.1 0.003 0.006 0.008 0.011 0.014 0.016 0.019 0.022 

0.3 0.008 0.016 0.024 0.033 0.041 0.050 0.059 0.068 
0.5 0.013 0.027 0.040 0.055 0.070 0.085 0.102 0.119 
0.7 O.Q18 0.037 0.057 O.Q78 0.100 0.123 0.148 0.176 

3.4 0.1 0.006 0.011 0.017 0.022 0.028 0.034 0.040 0.046 
0.3 0.016 0.033 0.051 0.069 0.089 0.110 0.133 0.157 
0.5 0.027 0.055 0.087 0.121 0.159 0.203 0.253 0.314 
0.7 0.037 O.Q78 0.124 0.178 0.241 0.320 0.424 0.576 

3.6 0.1 0.013 0.026 0.040 0.055 0.070 0.086 0.103 0.121 
0.3 O.Q38 0.080 0.129 0.185 0.254 0.340 0.459 0.639 
0.5 0.062 0.136 0.229 0.355 0.544 0.890 1.659 4.104 
0.7 0.085 0.194 0.344 0.582 1.052 2.268 5.831 -

5 3.2 0.1 0.006 0.012 0.018 0.025 0.031 0.038 0.044 0.050 
0.3 O.Q18 0.037 0.056 0.075 0.095 0.116 0.137 0.158 
0.5 0.031 0.062 0.095 0.129 0.164 0.200 0.238 0.277 
0.7 0.043 0.088 0.134 0.183 0.235 0.290 0.348 0.411 

3.4 0.1 0.012 O.o25 O.Q38 0.051 0.065 0.078 0.092 0.106 
0.3 O.Q38 0.077 0.118 0.161 0.206 0.255 0.306 0.361 
0.5 0.062 0.129 0.201 0.280 0.367 0.466 0.579 0.714 
0.7 0.086 0.181 0.288 0.410 0.554 0.730 0.962 1.301 

3.6 0.1 0.030 0.061 0.093 0.126 0.161 0.197 0.236 0.276 
0.3 0.088 0.185 0.295 0.421 0.572 0.761 1.013 1.394 
0.5 0.144 0.313 0.522 0.797 1.203 1.924 3.615 8.371 
0.7 0.197 0.444 0.778 1.289 2.265 4.702 - -

7 3.2 0.1 0.012 0.023 O.Q35 0.047 0.058 0.070 0.082 0.094 
0.3 O.Q35 0.069 0.105 0.141 0.178 0.216 0.255 0.294 
0.5 0.057 0.116 0.176 0.239 0.304 0.372 0.442 0.516 
0.7 0.079 0.162 0.249 0.340 0.436 0.538 0.647 0.766 

3.4 0.1 0.023 0.047 0.071 0.095 0.120 0.145 0.170 0.196 
0.3 0.069 0.141 0.216 0.294 0.379 0.467 0.562 0.663 
0.5 0.114 0.237 0.369 0.514 0.674 0.855 1.063 1.310 
0.7 0.156 0.333 0.528 0.752 1.015 1.340 1.764 2.395 

3.58 0.1 0.050 0.100 0.153 0.207 0.263 0.322 0.383 0.447 
0.3 0.145 0.304 0.481 0.681 0.912 1.192 1.543 2.028 
0.5 0.238 0.514 0.846 1.266 1.846 2.776 4.687 9.702 
0.7 0.328 0.730 1.252 2.006 3.312 6.268 - -

- ---
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18-111-J 1994 UNIFORM BUILDING CODE 

TABLE 18-111-J-DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR 
A CENTER LIFT SWELLING CONDITION IN PREDOMINANTLY ILLITE CLAY SOIL 

(70 PERCENT CLAY) 

DIFFERENTIAL SWELL (inch) 

x25.41ormm 
DEPTH TO VELOCITY OF 
CONSTANT MOISTURE Edge Distance Penelration 
SUCTION FLOW 

PERCENT 
(II.) 

CONSTANT (Inches/month) x 304.81or mm 

CLAY x304.81or SUCTION x 25.41or 
(o/o) mm (pF) mlll/lllonth 111. 2ft. 311. 411. 511. 611. 711. 811. 

70 3 3.2 0.1 0.003 0.006 0.009 0.013 0.016 0.019 0.022 0.026 
0.3 0.009 0.019 0.028 0.038 0.048 0.059 0.069 0.080 
0.5 0.016 0.032 0.048 0.066 0.083 0.102 0.121 0.141 
0.7 0.021 0.044 0.068 0.092 0.119 0.147 0.177 0.209 

3.4 0.1 0.007 0.013 0.020 0.027 0.034 0.041 0.047 0.055 
0.3 0.019 0.039 0.061 0.083 0.106 0.131 0.158 0.187 
0.5 0.032 0.066 0.103 0.144 0.190 0.242 0.302 0.374 
0.7 0.044 0.093 0.148 0.212 0.287 0.381 0.510 0.686 

3.6 0.1 0.016 0.032 0.049 0.066 0.084 0.103 0.124 0.145 
0.3 0.045 0.095 0.153 0.220 0.302 0.405 0.545 0.761 
0.5 0.074 0.162 0.273 0.423 0.648 1.061 2.047 4.885 
0.7 0.101 0.231 0.409 0.692 1.251 2.700 6.940 -

5 3.2 0.1 0.008 0.015 0.022 0.030 0.037 0.045 0.035 0.060 
0.3 0.022 0.044 0.067 0.090 0.114 0.138 0.163 0.189 
0.5 0.037 0.074 0.113 0.153 0.195 0.238 0.283 0.330 
0.7 0.051 0.104 0.159 0.218 0.279 0.345 0.414 0.489 

3.4 0.1 0.015 0.030 0.046 0.062 0.077 0.094 0.110 0.127 
0.3 0.044 0.091 0.140 0.191 0.245 0.303 0.364 0.430 
0.5 0.073 0.153 0.239 0.330 0.437 0.554 0.689 0.850 
0.7 0.102 0.215 0.342 0.487 0.659 0.869 1.145 1.548 

3.6 0.1 0.035 0.071 0.109 0.149 0.191 0.234 0.279 0.327 
0.3 0.104 0.219 0.350 0.501 0.680 0.904 1.204 1.659 
0.5 0.170 0.372 0.620 0.948 1.431 2.290 4.302 9.964 
0.7 0.234 0.528 0.925 1.534 2.696 5.597 - -

7 3.2 0.1 0.014 0.027 0.041 0.055 0.069 0.083 0.097 0.112 
0.3 0.040 0.082 0.124 0.167 0.212 0.257 0.303 0.350 
0.5 0.068 0.138 0.210 0.284 0.362 0.442 0.526 0.614 
0.7 0.094 0.193 0.296 0.404 0.519 0.640 0.771 0.911 

3.4 0.1 0.028 0.056 0.084 0.113 0.142 0.173 0.202 0.233 
0.3 0.082 0.167 0.257 0.352 0.451 0.556 0.669 0.789 
0.5 0.136 0.282 0.439 0.612 0.803 1.018 1.265 1.560 
0.7 0.188 0.396 0.629 0.895 1.209 1.594 2.100 2.851 

3.58 0.1 0.058 0.118 0.181 0.246 0.313 0.383 0.456 0.532 
0.3 0.173 0.362 0.573 0.812 1.088 1.419 1.838 2.415 
0.5 0.283 0.612 1.007 1.507 2.197 3.304 5.579 11.549 
0.7 0.391 0.869 1.490 2.388 3.943 7.462 - -
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1994 UNIFORM BUILDING CODE 18-111-K 

TABLE 18-111-K-DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR 
A CENTER LIFT SWELLING CONDITION IN PREDOMINANTLY MONTMORILLONITE CLAY SOIL 

(30 PERCENT CLAY) . 

DIFFERENTIAL SWELL (inch) 

x25.41ormm 
DEPTH TD VELOCITY DF 
CONSTANT MOISTURE Edge Distance Penetration 
SUCTION FLDW 

PERCENT 
(ft.) 

CONSTANT 
(lnchntmonth) x 304.8 lor mm 

CLAY x 304.81or SUCTION x 25.41or 
(%) mm (pF) miD/month 1ft. 2ft. 3ft. 4ft. 5ft. 6ft. 7ft. an. 
30 3 3.2 0.1 0.001 0.003 0.004 0.005 0.007 0.008 0.009 0.011 

0.3 0.004 0.008 0.012 0.016 0.020 0.025 0.030 0.035 
0.5 0.006 0.013 0.020 0.027 0.035 0.043 0.051 0.060 
0.7 0.010 0.019 0.029 0.040 0.051 0.063 0.076 0.089 

3.4 0.1 0.003 0.005 0.008 0.011 0.014 0.017 0.020 0.023 
0.3 0.008 0.017 0.026 0.035 0.045 0.056 0.067 0.079 
0.5 0.014 0.028 0.044 0.062 0.081 0.102 0.128 0.159 
0.7 0.019 0.039 0.063 0.089 0.122 0.162 0.214 0.291 

3.6 0.1 0.006 0.013 0.020 0.027 0.035 0.043 0.052 0.061 
0.3 0.019 0.041 0.065 0.094 0.128 0.172 0.232 0.323 
0.5 0.031 0.069 0.116 0.179 0.275 0.450 0.868 2.073 
0.7 0.043 0.098 0.173 0.294 0.532 1.145 2.945 8.301 

5 3.2 0.1 0.003 0.006 0.010 0.013 0.016 0.019 0.022 0.026 
0.3 0.009 O.QJ8 0.028 O.Q38 0.048 0.058 0.069 0.079 
0.5 0.016 0.032 0.048 0.065 0.083 0.101 0.120 0.140 
0.7 0.022 0.044 0.068 0.093 0.119 0.147 0.176 0.208 

3.4 0.1 0.006 0.013 0.019 0.026 0.033 0.039 0.046 0.054 
0.3 0.019 0.039 0.060 0.081 0.104 0.129 0.155 0.182 
0.5 0.032 0.065 0.102 0.141 0.186 0.235 0.293 0.361 
0.7 0.043 0.091 0.145 0.207 0.280 0.369 0.486 0.657 

3.6 0.1 0.015 0.030 0.047 0.063 0.081 0.099 0.119 0.139 
0.3 0.045 0.094 0.149 0.213 0.289 0.384 0.512 0.704 
0.5 0.072 0.158 0.264 0.403 0.607 0.972 1.826 2.514 
0.7 0.100 0.224 0.393 0.651 1.144 2.375 5.870 -

7 3.2 0.1 0.006 0.012 0.017 0.023 0.029 0.035 0.041 0.047 
0.3 0.017 0.035 0.053 0.071 0.090 0.109 0.128 0.148 
0.5 0.029 0.059 0.089 0.121 0.154 0.188 0.223 0.261 
0.7 0.039 0.081 0.125 0.171 0.219 0.271 0.326 0.386 

3.4 0.1 0.012 0.024 0.036 0.048 0.061 0.074 0.086 0.099 
0.3 0.035 0.071 0.109 0.149 0.191 0.236 0.284 0.335 
0.5 0.058 0.120 0.187 0.261 0.342 0.433 0.537 0.662 
0.7 0.081 0.169 0.268 0.381 0.514 0.677 0.892 1.211 

3.58 0.1 0.024 0.050 0.076 0.104 0.132 0.162 0.193 0.225 
0.3 0.073 0.154 0.243 0.344 0.461 0.602 0.780 1.025 
0.5 0.120 0.259 0.427 0.639 0.932 1.402 2.367 4.900 
0.7 0.165 0.368 0.632 1.013 1.672 3.165 7.244 -
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18·111-L 1994 UNIFORM BUILDING CODE 

TABLE 18-111-L-DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR 
A CENTER LIFT SWELLING CONDITION IN PREDOMINANTLY MONTMORILLONITE CLAY SOIL 

(40 PERCENT CLAY) 

DIFFERENTIAL SWELL (Inch) 

x 25.41ormm 
DEPTH TO VELOCITY OF 
CONSTANT MOISTURE Edge Distance Penetration 
sucnoN FLOW 

PERCENT 
(II.) 

CONSTANT (lnchn/monlh) x 304.8 for mm 

CLAY x304.81or sucnoN x25.4 for 
(%) mm (pF) mmtmonlh 111. 211. 311. 411. 511. 611. 711. 811. 

40 3 3.2 0.1 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016 
0.3 0.006 0.012 O.ot8 0.024 0.030 0.036 0.042 0.049 
0.5 0.009 0.019 0.029 0.040 0.050 0.062 0.074 0.086 
0.7 0.014 0.027 0.042 0.057 0.074 0.091 0.109 0.129 

3.4 0.1 0.004 0.008 0.012 0.016 0.021 0.025 0.029 0.034 
0.3 O.Oll 0.024 0.037 0.050 0.065 0.080 0.097 O.ll5 
0.5 0.019 0.040 0.063 0.088 O.ll6 0.148 0.185 0.229 
0.7 0.027 0.057 0.091 0.130 0.177 0.234 0.3ll 0.422 

3.6 0.1 0.010 0.019 0.030 0.040 0.051 0.063 0.076 0.089 
0.3 0.028 0.059 0.094 0.136 0.186 0.249 0.335 0.468 
0.5 0.046 0.100 0.168 0.260 0.399 0.652 1.258 3.004 
0.7 0.062 0.142 0.251 0.425 0.769 1.660 4.267 7.762 

5 3.2 0.1 0.004 0.009 0.013 O.ot8 0.022 0.027 0.032 0.037 
0.3 0.013 0.027 0.041 0.055 0.069 0.085 0.100 O.ll5 
0.5 0.023 0.046 0.069 0.094 0.120 0.147 0.174 0.203 
0.7 0.032 0.064 0.098 0.134 0.172 0.212 0.255 0.301 

3.4 0.1 0.010 0.019 0.028 O.D38 0.048 0.058 0.068 0.079 
0.3 0.027 0.056 0.086 O.ll8 0.151 0.186 0.224 0.264 
0.5 0.045 0.094 0.147 0.205 0.269 0.341 0.424 0.522 
0.7 0.063 0.133 0.2ll 0.300 0.405 0.535 0.704 0.952 

3.6 0.1 0.021 0.044 0.067 0.092 O.ll7 0.144 0.172 0.201 
0.3 0.064 0.135 0.216 0.308 0.419 0.556 0.741 1.020 
0.5 0.105 0.229 0.382 0.584 0.880 1.408 2.645 6.127 
0.7 0.144 0.325 0.569 0.944 1.658 3.441 8.517 -

7 3.2 0.1 0.009 O.ot8 0.026 O.D35 0.043 0.052 0.061 0.070 
0.3 0.025 0.051 0.077 0.103 0.131 0.158 0.186 0.215 
0.5 0.042 0.085 0.129 0.175 0.223 0.272 0.324 0.378 
0.7 0.059 O.ll9 0.183 0.249 0.320 0.394 0.475 0.561 

3.4 0.1 0.017 O.D35 0.052 0.070 0.088 0.106 0.125 0.144 
0.3 0.050 0.103 0.158 0.216 0.277 0.342 0.4ll 0.485 
0.5 0.084 0.173 0.270 0.377 0.494 0.626 0.778 0.960 
0.7 O.ll6 0.244 0.387 0.550 0.743 0.980 1.291 1.753 

3.56 0.1 0.033 0.066 0.101 0.136 0.173 0.2ll 0.251 0.292 
0.3 0.096 0.201 0.316 0.444 0.590 0.706 0.967 1.231 
0.5 0.158 0.339 0.553 0.815 1.160 1.668 2.583 4.748 

2.004 3.504 7.412 -
'--- -- -

0.7 0.218 0.480 0.813 1.271 
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1994 UNIFORM BUILDING CODE 18-111-M 

TABLE 18-111-M---DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR 
A CENTER LIFT SWELLING CONDITION !N PREDOMINANTLY MONTMORILLONITE CLAY SOIL 

(50 PERCENT CLAY) 

DIFFERENTIAL SWELL (inch I 

x25.41or mm 
DEPTH TO VELOCITY OF 
CONSTANT MOISTURE Edge Distance Penetration 
SUCTION FLOW 

PERCENT (II. I 
CONSTANT 

(IncheS/month I x 3D4.81or mm 

CLAY x304.81or SUCTION x 25.41or 
(%1 mm (pFI mmJmonlfl 1 fl. 2ft. an. 4ft. 511. 6ft. 7ft. an. 
50 3 3.2 0.1 0.003 0.005 0.008 0.010 0.013 0.016 O.oJ8 0.021 

0.3 0.007 O.oJ5 0.023 0.031 0.039 0.047 0.055 0.065 
0.5 0.012 0.026 0.038 0.052 0.066 0.081 0.097 0.113 
0.7 O.D18 0.036 0.055 O.D75 0.096 0.119 0.143 0.169 

3.4 0.1 0.006 0.011 0.016 0.022 0.027 0.033 O.o38 0.044 
0.3 0.016 0.032 0.049 0.067 0.086 0.106 0.127 0.151 
0.5 0.026 0.053 0.083 0.116 0.153 0.195 0.243 0.301 
0.7 0.036 O.D75 0.119 0.170 0.231 0.307 0.407 0.553 

3.6 0.1 0.012 0.025 O.o38 0.052 0.067 0.082 0.099 0.116 
0.3 0.036 0.077 0.123 0.177 0.243 0.326 0.439 0.613 
0.5 0.059 0.131 0.220 0.340 0.522 0.854 1.648 3.935 
0.7 0.082 0.186 0.330 0.558 1.008 2.175 5.590 -

5 3.2 0.1 0.006 0.012 O.oJ8 0.024 0.030 0.036 0.042 0.048 
0.3 0.017 O.o35 0.054 0.073 0.092 0.111 0.131 0.151 
0.5 0.030 0.060 0.091 0.124 0.157 0.192 0.228 0.266 
0.7 0.041 0.083 0.128 0.175 0.224 0.277 0.333 0.394 

3.4 0.1 0.012 0.024 0.037 0.049 0.062 O.o75 0.089 0.102 
0.3 0.036 0.074 0.113 0.154 0.198 0.244 0.294 0.344 
0.5 0.059 0.123 0.193 0.268 0.352 0.446 0.555 0.684 
0.7 0.083 0.174 0.276 0.393 0.531 0.700 0.923 1.247 

3.6 0.1 0.029 0.058 0.089 0.121 0.154 0.189 0.226 0.264 
0.3 0.084 0.177 0.282 0.404 0.548 0.728 0.970 1.336 
0.5 0.137 0.299 0.500 0.764 1.152 1.844 3.464 8.025 
0.7 0.189 0.426 0.745 1.236 2.712 4.508 - -

7 3.2 0.1 0.011 0.022 0.034 0.044 0.056 0.067 0.078 0.090 
0.3 0.033 0.067 0.101 0.135 0.171 0.208 0.244 0.282 
0.5 0.055 0.111 0.169 0.229 0.291 0.356 0.423 0.495 
0.7 0.076 0.155 0.238 0.326 0.418 0.516 0.621 0.734 

3.4 0.1 0.023 0.045 0.068 0.091 0.115 0.139 0.163 0.188 
0.3 0.066 0.135 0.208 0.284 0.364 0.449 0.539 0.636 
0.5 0.106 0.226 0.354 0.493 0.646 0.819 1.019 1.256 
0.7 0.152 0.320 0.507 0.721 0.973 1.283 1.692 2.256 

3.56 0.1 0.042 0.087 0.131 0.178 0.226 0.276 0.328 0.382 
0.3 0.126 0.263 0.414 0.583 0.773 0.996 1.266 1.613 
0.5 0.207 0.444 0.724 1.068 1.519 2.185 3.382 6.219 
0.7 0.286 0.629 1.066 1.665 2.625 4.590 - -
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18·111-N 1994 UNIFORM BUILDING CODE 

TABLE 18-111-N-DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR 
A CENTER LIFT SWELLING CONDITION IN PREDOMINANRY MONTMORILLONITE CLAY SOIL 

(60 PERCENT CLAY) 

DIFFERENTIAL SWELL (Inch) 

x25.41ormm 
DEPTH TO VELOCITY OF 
CONSTANT MOISTURE Edp Distance Penetration 
SUCTION FLOW 

PERCENT 
(II.) 

CONSTANT 
(lnchel/month) x 384.81or mm 

CLAY x 384.81or SUCTION X 25.4for 
(%) mm (pf) mill/month 1ft. 211. 3ft. 411. 511. 611. 711. 811. 

60 3 3.2 0.1 0.003 0.006 0.009 0.013 0.016 0.019 0.022 0.026 
0.3 0.009 0.019 0.028 0.038 0.048 0.059 0.069 0.080 
0.5 O.QJ5 0.031 0.048 0.065 0.082 0.!01 0.120 0.140 
0.7 0.022 0.044 0.068 0.092 0.119 0.147 0.176 0.209 

3.4 0.1 0.006 0.013 0.019 0.026 0.033 0.040 0.047 0.054 
0.3 0.019 0.039 0.060 0.082 0.105 0.130 0.157 0.186 
0.5 0.031 0.065 0.102 0.143 0.189 0.240 0.300 0.372 
0.7 0.044 0.093 0.147 0.211 0.286 0.380 0.503 0.683 

3.6 0.1 0.015 0.031 0.048 0.065 0.083 0.102 0.122 0.144 
0.3 0.044 0.095 0.152 0.219 0.300 0.403 0.543 0.758 
0.5 0.073 0.161 0.272 0.420 0.645 1.056 2.037 4.865 
0.7 0.101 0.229 0.407 0.689 1.246 2.689 6.912 -

5 3.2 0.1 0.008 O.QJ5 0.023 0.030 0.038 0.045 0.053 0.060 
0.3 0.022 0.044 0.067 0.090 0.113 0.138 0.162 0.187 
0.5 0.037 0.074 0.113 0.153 0.194 0.237 0.282 0.329 
0.7 0.050 0.103 0.158 0.217 0.278 0.343 0.412 0.487 

3.4 0.1 0.015 0.030 0.043 0.061 0.077 0.093 0.109 0.126 
0.3 0.045 0.091 0.140 0.191 0.245 0.302 0.363 0.426 
0.5 0.073 0.152 0.237 0.331 0.435 0.551 0.686 0.846 
0.7 0.102 0.214 0.341 0.485 0.655 0.865 1.140 1.541 

3.6 0.1 0,035 0.071 0.109 0.149 0.190 0.233 0.279 0.326 
0.3 0.103 0.219 0.349 0.499 0.678 0.901 1.200 1.652 
0.5 0.169 0.370 0.618 0.945 1.425 2.280 4.284 9.923 
0.7 0.234 0.526 0.922 1.528 2.686 5.574 - -

7 3.2 0.1 0.013 0.027 0.041 0.055 0.069 0.083 0.097 0.111 
0.3 0.041 0.082 0.125 0.168 0.212 0.256 0.302 0.349 
0.5 0.068 0.137 0.209 0.283 0.360 0.441 0.524 0.612 
0.7 0.093 0.191 0.294 0.402 0.516 0.637 0.767 0.907 

3.4 0.1 0.027 0.055 0.083 0.112 0.142 0.171 0.201 0.232 
0.3 0.082 0.167 0.256 0.351 0.449 0.555 0.666 0.786 
0.5 0.135 0.280 0.438 0.609 0.799 1.013 1.260 1.553 
0.7 0.188 0.395 0.627 0.892 1.204 1.587 2.092 2.840 

3.56 0.1 0.053 0.107 0.163 0.221 0.281 0.342 0.407 0.474 
0.3 0.156 0.326 0.512 0.720 0.957 1.232 1.566 1.994 
0.5 0.256 0.549 0.895 1.320 1.879 2.702 4.182 8.216 
0.7 0.354 0.779 1.317 2.059 3.247 5.677 - -
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1994 UNIFORM BUILDING CODE 18-111-0 

TABLE 18-111-0-DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR 
A CENTER LIFT SWELLING CONDITION IN PREDOMINANTLY MONTMORILLONITE CLAY SOIL 

(70 PERCENT CLAY) 

DIFFERENTIAL SWELL (Inch) 

x25.41ormm 
DEPTH TD VELOCITY DF 
CONSTANT MOISTURE Edge Distance Penetration 
SUCTION FLOW 

PERCENT 
(ft.) 

CONSTANT (lnchel/monlh) x 304.8 lor mm 

CLAY x304.81or SUCTION x 25.41or 
(%) mm (pF) mmtmonth 1ft. 2ft. 3ft. 4ft. 5ft. 6ft. 7ft. an. 
70 3 3.2 0.1 0.004 0.007 0.011 O.oJ5 0.019 0.023 0.026 0.030 

0.3 0.011 0.022 0.034 0.046 0.057 0.070 0.082 O.o95 
0.5 0.018 0.037 0.057 0.077 0.098 0.120 0.143 0.167 
0.7 0.026 0.052 0.082 0.110 0.141 0.174 0.210 0.248 

3.4 0.1 0.007 0.015 0.023 0.031 0.039 0.048 0.056 0.065 
0.3 0.023 0.047 0.072 0.098 0.126 0.156 0.188 0.222 
0.5 0.038 O.o78 0.122 0.171 0.225 0.287 0.358 0.443 
0.7 0.052 0.110 0.176 0.251 0.341 0.452 0.600 0.814 

3.6 0.1 O.oJ8 0.037 0.056 0.077 0.098 0.121 0.145 0.171 
0.3 0.054 0.114 0.182 0.262 0.359 0.481 0.648 0.903 
0.5 0.088 0.192 0.324 0.502 0.769 1.258 2.428 5.796 
0.7 0.120 0.273 0.485 0.821 1.485 3.203 8.234 -

5 3.2 0.1 0.009 0.017 0.026 0.035 0.044 0.053 0.062 0.071 
0.3 0.026 0.053 0.080 0.107 0.135 0.164 0.193 0.223 
0.5 0.044 0.088 0.134 0.182 0.231 0.283 0.336 0.392 
0.7 0.060 0.123 0.189 0.258 0.331 0.409 0.491 0.580 

3.4 0.1 O.oJ8 0.036 0.055 0.073 0.092 0.111 0.131 0.151 
0.3 0.053 0.109 0.167 0.228 0.292 0.360 0.433 0.511 
0.5 0.088 0.182 0.284 0.395 0.519 0.658 0.818 1.008 
0.7 0.121 0.256 0.406 0.578 0.781 1.031 1.358 1.837 

3.6 0.1 0.042 0.086 0.131 0.178 0.227 0.278 0.332 0.389 ' 
0.3 0.123 0.260 0.415 0.594 0.807 1.073 1.429 1.968 I 

0.5 0.202 0.441 0.737 1.126 1.698 2.717 5.104 11.822 
0.7 0.278 0.627 1.098 1.820 3.199 6.640 - -

7 3.2 0.1 0.016 0.032 0.049 0.065 0.082 0.098 0.115 0.132 
0.3 0.048 0.097 0.148 0.199 0.251 0.305 0.359 0.415 
0.5 0.081 0.163 0.249 0.338 0.429 0.525 0.624 0.729 
0.7 0.112 0.229 0.351 0.480 0.616 0.759 0.915 1.081 

3.4 0.1 0.032 0.066 0.099 0.134 0.168 0.204 0.240 0.276 I 
0.3 0.098 0.199 0.306 0.418 0.536 0.661 0.794 0.937 
0.5 0.162 0.334 0.522 0.727 0.952 1.207 1.501 1.851 
0.7 0.224 0.470 0.747 1.063 1.435 1.891 2.492 3.383 

3.56 0.1 0.063 0.128 0.194 0.263 0.334 0.407 0.484 0.563 
0.3 0.185 0.387 0.609 0.857 1.139 1.468 1.865 2.376 
0.5 0.305 0.655 1.067 1.573 2.239 3.219 4.983 9.162 
0.7 0.421 0.928 1.569 2.453 3.868 6.763 - -
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18·111-P 1994 UNIFORM BUILDING CODE 

TABLE 18-111-P-DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR 
AN EDGE LIFT SWELLING CONDmON IN .PREDOMINANTLY KAOLINITE CLAY SOIL 

(30 PERCENT CLAY) 

DIFFERENTIAL SWELL (inch) 

x25.41ormm 
DEPTH TO VELOCITY OF 
CONSTANT MOISTURE Edge Distance Penetration 
SUCTION FLOW 

PERCENT 
(fl.) 

CONSTANT 
(lncbll/monlh) x 304.8 for mm 

CLAY x304.8 for SUCTION x 25.4 for 
(%) mm (pF) mill/month 1ft. 211. 311. 411. 511. 611. 711. 811. 

30 3 3.2 0.1 0.()()1 0.001 0.002 0.002 0.003 0.003 0.004 0.004 
0.3 0.002 0.003 0.004 0.006 0.007 0.009 0.010 0.012 
0.5 0.003 0.005 0.007 0.010 0.012 0.014 0.017 0.019 
0.7 0.004 0.007 0.010 0.013 0.017 0.020 0.023 0.026 

3.4 0.1 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 
0.3 0.003 0.006 0.009 0.012 0.015 O.ot8 0.021 0.024 
0.5 0.005 0.010 O.Ql5 0.020 O.Q25 0.029 0.033 0.037 
0.7 0.007 0.014 0.021 0.027 0.033 0.039 0.045 0.050 

3.6 0.1 0.003 0.005 0.008 0.010 0.013 0.015 0.017 0.020 
0.3 0.008 O.ot5 0.022 0.029 0.035 0.041 0.047 0.053 
0.5 0.013 0.025 0.035 0.046 0.055 0.064 0.072 0.080 
0.7 O.Q18 0.034 0.048 0.061 0.073 0.084 0.094 0.104 

3.8 0.1 0.006 0.013 O.ot8 0.024 0.030 0,035 0.040 0.045 
0.3 0.019 O.o35 0.050 0.064 0.076 0.088 0.099 0.109 
0.5 0.031 0.056 0,078 0.097 O.ll4 0.129 0.143 0.156 
0.7 0.042 O.o75 0.102 0.125 0.145 0.164 0.180 0.195 

5 3.2 0.1 0.001 0.002 0.003 0.004 0.005 0.007 0.008 0.009 
0.3 0.003 0.007 0.010 0.013 0.016 0.019 0.022 O.Q25 
0.5 0.006 O.Oll 0.016 0.021 0.027 0.032 0.037 0.041 
0.7 0.008 O.ot5 0.022 0.030 0.037 0.044 0.050 0.057 

3.4 0.1 0.002 0.005 0.007 0.009 0.012 0.014 0.016 O.ot8 
0.3 0.007 0.014 0.021 0.027 0.034 0.040 0.046 0.053 
0.5 0.012 0.023 0.034 0.045 0.055 0.065 O.o75 0.084 
0.7 0.016 0.032 0.047 0.061 O.o75 0.089 0.101 O.ll4 

3.6 0.1 0.006 0.012 0.017 0.023 0.028 0.034 0.039 0.044 
0.3 O.ot8 0.034 0.050 0.065 0.080 0.094 0.107 0.120 
0.5 0.029 0.056 0.081 0.104 0.126 0.147 0.167 0.186 
0.7 0.041 0.077 O.llO 0.141 0.169 0.195 0.220 0.243 

3.8 0.1 0.014 O.Q28 0.042 0.055 0.067 0.079 0.091 0.102 
0.3 0.043 0.081 0.116 0.148 0.178 0.205 0.231 0.255 
0.5 0.072 0.131 0.183 0.228 0.270 0.307 0.342 0.374 
0.7 0.100 0.178 0.244 0.300 0.350 0.395 0.436 0.474 

7 3.2 0.1 0.002 0.004 0.006 0.008 0.009 O.Oll 0.013 O.ot5 
0.3 0.006 0.011 0.017 0.022 0.028 0.033 0.039 0.044 
0.5 0.010 0.019 0.028 0.037 0.046 0.055 0.064 0.072 
0.7 0.013 0.026 0.039 0.052 0.064 0.076 0.088 0.099 

3.4 0.1 0.004 0.008 0.012 0.016 0.020 0.024 O.Q28 0.032 
0.3 0.012 0.024 0.036 0.048 0.059 0.071 0.082 0.093 
0.5 0.021 0.041 0.060 0.079 0.097 O.ll5 0.132 0.149 
0.7 0.029 0.056 0.083 0.108 0.133 0.157 0.180 0.202 

3.6 0.1 0.010 0.020 0.030 0.040 0.050 0.059 0.069 0,078 
0.3 0.031 0.061 0.089 0.116 0.142 0.167 0.192 0.215 
0.5 0.052 0.100 0.145 0.187 0.227 0.264 0.300 0.335 
0.7 0.073 0.138 0.198 0.254 0.305 0.353 0.399 0.441 

3.8 0.1 - - - - - - - -
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1994 UNIFORM BUILDING CODE 18-111-Q 

TABLE 18-111-Q-DIFFERENTIAL SWELL OCCURRING .Al THE PERIMETER OF A SLAB FOR 
AN EDGE LIFT SWELLING CONDITION IN PREDOMINANTLY KAOLINITE CLAY SOIL 

(40 PERCENT CLAY) 

DIFFERENTIAL SWELL (inch) 

x25.41ormm 
DEPTH TD VELOCITY OF 
CONSTANT MOISTURE Edte Distance Panelration 
SUCTION FLOW 

PERCENT 
(It) 

CONSTANT 
(Inches/month) x 304.81or mm 

CLAY x304.81or SUCTION x 25.41or 
(%) mm (pF) mm/monlh 1ft. 2ft. 3ft. 4ft. 5ft. 6ft. 7ft. an. 
40 3 3.2 0.1 0.001 0.001 0.002 0.003 0.003 0.004 0.005 0.005 

0.3 0.002 0.004 0.006 o.oos 0.010 0.012 0.014 0.015 
0.5 0.003 0.007 0.010 0.013 0.016 0.019 0.022 o.ozs 
0.7 0.006 0.009 0.014 O.OIS 0.022 0.026 0.030 0.034 

3.4 0.1 0.001 0.003 0.004 0.006 0.007 o.oos 0.010 0.011 
0.3 0.004 o.oos 0.012 0.016 0.020 0.024 O.OZS 0.032 
0.5 0.007 0.014 0.020 0.027 0.033 0.039 0.045 0.050 
0.7 0.010 0.019 0.02S 0.037 0.045 0.052 0.060 0.067 

3.6 0.1 0.004 0.007 0.010 0.014 0.017 0.020 0.023 0.026 
0.3 0.010 0.020 0.030 0.039 0.047 0.055 0.063 0.071 
0.5 0.017 0.033 0.047 0.061 0.074 0.086 0.097 O.IOS 
0.7 0.024 0.045 0.064 O.OSI 0.09S 0.112 0.126 0.139 

3.S 0.1 0.009 0.017 0.025 0.032 0.040 0.046 0.053 0.060 
0.3 0.025 0.047 0.067 o.oss 0.102 O.IIS 0.132 0.145 
0.5 0.041 O.o75 0.104 0.129 0.152 0.173 0.192 0.209 
0.7 0.056 0.100 0.136 0.167 0.195 0.219 0.241 0.261 

5 3.2 0.1 0.002 0.003 0.004 0.006 0.007 0.009 0.010 0.012 
0.3 0.004 0.009 0.013 0.017 0.022 0.026 0.030 0.034 
0.5 0.007 O.oi5 0.022 0.029 0.035 0.042 0.049 0.056 
0.7 0.010 0.020 omo 0.040 0.049 o.oss 0.067 0.076 

3.4 0.1 0.003 0.006 0.009 0.012 0.016 0.019 0.022 0.025 
0.3 0.009 0.019 O.OZS 0.037 0.045 0.054 0.062 0.071 
0.5 0.016 0.031 0.046 0.060 0.074 O.OS7 0.100 0.113 
0.7 0.022 0.043 0.063 O.OS2 0.101 0.119 0.136 0.152 

3.6 0.1 o.oos 0.016 0.023 0.031 oms 0.045 0.052 0.059 
0.3 0.023 0.046 0.067 O.OS7 0.107 0.126 0.144 0.161 
0.5 0.039 O.o75 O.IOS 0.140 0.169 0.197 0.223 0.249 
0.7 0.064 0.103 0.147 O.ISS 0.226 0.261 0.295 0.326 

3.S 0.1 0.019 oms 0.056 0.073 0.090 0.106 0.121 0.136 
0.3 0.058 0.109 0.156 0.19S 0.23S 0.275 0.309 0.342 
0.5 0.096 0.176 0.245 0.306 0.361 0.411 0.45S 0.501 
0.7 0.134 0.239 0.326 0.402 0.469 0.529 0.5S4 0.634 

7 3.2 0.1 0.003 0.005 O.OOS 0.010 0.013 O.oi5 O.oiS 0.020 
0.3 o.oos O.oi5 0.023 0.030 0.037 0.045 0.052 0.059 
0.5 0.013 0.025 oms 0.050 0.062 0.074 o.oss 0.097 
0.7 O.OIS oms 0.052 0.069 O.OSS 0.102 0.117 0.133 

3.4 0.1 0.006 0.011 0.016 0.022 0.027 0.032 oms 0.043 
0.3 0.017 0.033 0.049 0.064 O.OSO 0.095 0.109 0.124 
0.5 0.028 0.054 0.080 0.105 0.130 0.154 0.177 0.200 
0.7 0.039 0.076 0.111 0.145 0.17S 0.210 0.241 0.271 

3.6 0.1 0.014 0.027 0.041 0.054 0.067 0.080 0.092 0.105 
0.3 0.042 0.081 0.119 0.155 0.190 0.224 0.257 0.28S 
0.5 0.069 0.134 0.194 0.250 0.304 0.354 0.402 0.44S 
0.7 0.09S 0.185 0.266 0.340 0.409 0.473 0.534 0.591 

3.8 0.1 - - - - - - - -
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18-111-R 1994 UNIFORM BUILDING CODE 

TABLE 18-111-R-DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR 
AN EDGE LIFT SWELLING CONDITION IN PREDOMINANTLY KAOLINITE CLAY SOIL 

(50 PERCENT CLAY) 

DIFFERENTIAL SWELL (Inch) 

x25.41ormm 
DEPTH TO VELOCITY OF 
CONSTANT MOISTURE Edge Distance Penelrallon 
SUCTION FLOW 

PERCENT 
(ft.) 

CONSTANT 
(lncbel/month) x 304.81or mm 

CLAY x304.81or SUCTION x25.41or 
(%) mm (pf) mm/month 1ft. 2ft. 3ft. 4ft. 511. 6ft. 7ft. an. 
50 3 3.2 0.1 0.001 0.002 0.003 0.003 0.004 0.005 0.006 0.007 

0.3 0.003 0.005 0.007 0.010 0.012 0.015 0.017 0.019 I 
0.5 0.004 0.008 0.012 0.016 0.020 0.024 O.OZ8 0.032 I 
0.7 0.006 0.012 0.017 0.023 0.028 0.033 O.o38 0.043 

3.4 0.1 0.002 0.004 0.005 0.007 0.009 0.011 0.012 o.o14 1 
0.3 0.005 0.011 0.016 0.021 0.025 0.030 0.035 0.040 ' 
0.5 0.009 0.017 0.026 0.034 0.041 0.049 0.056 0.063 
0.7 0.012 0.024 0.035 0.046 0.056 0.066 0.075 0.084 

3.6 0.1 0.004 0.009 0.013 0.017 0.021 0.025 0.029 0.033 
0.3 0.013 0.025 0.037 0.048 0.059 0.069 0.079 0.089 
0.5 0.022 0.042 0.059 0.076 0.092 0.107 0.121 0.135 
0.7 0.030 0.056 0.080 0.102 0.122 0.141 0.158 0.175 

3.8 0.1 0.011 0.021 0.031 0.040 0.050 0.058 0.067 O.o75 
0.3 0.032 0.059 0.084 0.107 0.128 0.147 0.165 0.182 
0.5 0.052 0.094 0.130 0.162 0.191 0.217 0.240 0.262 
0.7 0.071 0.126 0.171 0.210 0.244 0.275 0.302 0.328 

5 3.2 0.1 0.002 0.004 0.006 0.007 0.009 0.011 0.013 0.015 
0.3 0.006 0.011 0.016 0.022 0.027 0.032 0.037 0.043 
0.5 0.009 O.oJ8 0.027 0.036 0.044 0.053 0.061 0.070 
0.7 0.013 0.025 0.038 0.050 0.062 0.073 0.084 0.096 

3.4 0.1 0.004 0.008 0.012 0.016 0.019 0.023 0.027 0.031 
0.3 0.012 0.023 O.o35 0.046 0.057 0.068 0.078 0.088 
0.5 0.020 0.039 0.057 0.075 0.092 0.109 0.126 0.142 
0.7 0.028 0.054 0.079 0.103 0.126 0.149 0.170 0.191 

3.6 0.1 0.010 0.019 0.029 0.038 0.047 0.056 0.065 0.074 
0.3 0.029 0.057 0.084 0.109 0.134 0.158 0.180 0.202 
0.5 0.049 0.094 0.136 0.175 0.212 0.247 0.280 0.312 
0.7 0.068 0.129 0.185 0.236 0.283 0.328 0.369 0.408 

3.8 0.1 0.024 0.048 0.070 0.092 0.112 0.132 0.152 0.171 
0.3 0.072 0.137 0.195 0.249 0.298 0.344 0.387 0.428 
0.5 0.120 0.220 0.307 0.384 0.453 0.516 0.574 0.628 
0.7 0.168 0.299 0.409 0.504 0.588 0.663 0.732 0.795 

7 3.2 0.1 0.003 0.006 0.010 0.013 0.016 0.019 0.022 0.025 
0.3 0.010 0.019 0.028 0.038 0.047 0.056 0.065 0.074 
0.5 0.016 0.032 0.047 0.062 0.077 0.092 0.107 0.121 
0.7 0.022 0.044 0.066 0.087 0.107 0.127 0.147 0.167 

3.4 0.1 0.007 0.014 0.021 0.027 0.034 0.041 0.047 0.054 
0.3 0.021 0.041 0.061 0.080 0.100 0.119 0.137 0.156 
0.5 0.035 0.068 0.100 0.132 0.163 0.193 0.222 0.250 
0.7 0.048 0.095 0.139 0.182 0.223 0.263 0.302 0.339 

3.6 0.1 0.017 0.034 0.051 0.068 0.084 0.100 0.116 0.131 
0.3 0.052 0.102 0.149 0.195 0.239 0.281 0.322 0.361 
0.5 0.087 0.168 0.243 0.314 0.381 0.444 0.504 0.562 
0.7 0.122 0.232 0.333 0.426 0.512 0.593 0.669 0.741 

3.8 0.1 - - - - - - - -
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1994 UNIFORM BUILDING CODE 18-111-S 

TABLE 18-111-S-DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR 
AN EDGE LIFT SWELLING CONDITION IN PREDOMINANTLY KAOLINITE CLAY SOIL 

(60 PERCENT CLAY) 

DIFFERENTIAL SWELL (inch) 

x 25.41or mm 
DEPTH TO VELOCITY OF 
CONSTANT MOISTURE Edge Distance Penetration 
SUCTION FLOW 

PERCENT 
(II.) 

CONSTANT 
(IncheS/month) x 304.8 lor mm 

CLAY x 304.8 for SUCTION x25.41or 
(o/o) mm (pF) mm/month 111. 211. 311. 411. 511. 611. 711. 811. 

60 3 3.2 0.1 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 
0.3 0.003 0.006 0.009 0.012 O.oi5 O.oi8 0.021 0.023 
0.5 0.005 0.010 0.015 0.020 0.024 0.029 0.033 O.o38 
0.7 0.007 0.014 0.021 0.027 0.033 0.040 0.046 0.052 

3.4 0.1 0.002 0.004 0.006 0.009 0.011 0.013 O.oi5 0.017 
0.3 0.006 0.013 0.019 0.025 0.031 0.036 0.042 0.048 
0.5 0.011 0.021 0.031 0.040 0.049 0.058 0.067 0.076 
0.7 O.oi5 0.029 0.042 0.055 0.067 0.079 0.090 0.101 

3.6 0.1 0.005 0.011 0.016 0.021 O.o25 0.030 0.035 0.040 
0.3 0.016 0.031 0.045 0.058 0.071 0.083 0.095 0.106 
0.5 0.026 0.050 0.071 0.092 0.111 0.129 0.146 0.162 
0.7 0.036 0.068 0.097 0.123 0.147 0.169 0.190 0.210 

3.8 0.1 0.013 O.o25 0.037 0.049 0.059 0.070 0.080 0.090 
0.3 O.o38 0.071 0.101 0.129 0.154 0.177 0.199 0.219 
0.5 0.062 0.113 0.157 0.195 0.229 0.260 0.289 0.315 
0.7 0.085 0.151 0.205 0.252 0.293 0.330 0.363 0.394 

5 3.2 0.1 0.002 0.004 0.007 0.009 0.011 0.013 O.oi5 0.017 
0.3 0.007 0.013 0.020 0.026 0.032 0.039 0.045 0.051 
0.5 0.011 0.022 0.033 0.043 0.053 0.064 0.074 0.084 
0.7 O.oi5 0.031 0.045 0.060 0.074 0.088 0.101 0.115 

3.4 0.1 0.005 0.009 0.014 0.019 0.023 0.028 0.033 0.037 
0.3 0.014 0.028 0.042 0.055 0.068 0.081 0.094 0.106 
0.5 0.024 0.046 0.069 0.090 0.111 0.131 0.151 0.170 
0.7 0.033 0.065 0.095 0.124 0.152 0.179 0.205 0.230 

3.6 0.1 0.012 0.023 0.035 0.046 0.057 0.069 0.079 0.089 
0.3 O.o35 0.069 0.101 0.132 0.161 0.189 0.217 0.243 
0.5 0.059 0.113 0.163 0.210 0.255 0.297 0.337 0.375 
0.7 0.082 0.155 0.222 0.284 0.341 0.394 0.444 0.491 

3.8 0.1 0.029 0.057 0.084 0.110 0.135 0.159 0.183 0.206 
0.3 0.087 0.164 0.235 0.299 0.358 0.414 0.466 0.515 
0.5 0.144 0.265 0.369 0.461 0.544 0.620 0.690 0.754 
0.7 0.201 0.360 0.492 0.606 0.707 0.798 0.880 0.956 

7 3.2 0.1 0.004 0.008 0.011 O.oi5 0.019 0.023 0.027 0.030 
0.3 0.011 0.023 0.034 0.045 0.056 0.067 0.078 0.089 
0.5 0.019 O.o38 0.057 O.o75 0.093 0.111 0.128 0.146 
0.7 0.027 0.053 0.079 0.104 0.129 0.153 0.177 0.201 

3.4 0.1 0.008 0.017 0.025 0.033 0.041 0.049 0.057 0.065 
0.3 0.025 0.049 0.073 0.097 0.120 0.143 0.165 0.187 
0.5 0.042 0.082 0.121 0.159 0.196 0.232 0.267 0.301 
0.7 0.058 0.114 0.167 0.219 0.268 0.316 0.363 0.408 

3.6 0.1 0.021 0.041 0.061 0.081 0.101 0.120 0.139 0.158 
0.3 0.063 0.122 0.179 0.234 0.287 0.338 0.387 0.434 
0.5 0.105 0.201 0.292 0.377 0.457 0.534 0.606 0.675 
0.7 0.147 0.279 0.400 0.512 0.616 0.713 0.804 0.891 

3.8 0.1 - - - - - - - -
·- -
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18-III·T 1994 UNIFORM BUILDING CODE 

TABLE 18-111-T-DIFFERENTIAL SWELL OCCURRtNG AT THE PERIMETER OF A SLAB FOR 
AN EDGE LIFT SWELLING CONDITION IN PREDOMINANTLY KAOLINITE CLAY SOIL 

(70 PERCENT CLAY) 

DIFFERENTIAL SWELL (Inch) 

x25.41ormm 
DEPTH TO VELOCITY OF 
CONSTANT MOISTURE Edge Distance Penelrallon 
sucnoN FLOW 

PERCENT 
(ft.) 

CONSTANT 
(IRihll/montfl) x 304.8 lor mm 

CLAY x304.11or sucnoN x 25.41or 
(%) mm (pF) mlll/lllontfl 111. 211. 311. 411. 511. 611. 711. 811. 

70 3 3.2 0.1 0.001 0.002 0.004 0.005 0.006 0.007 0.008 0.009 
0.3 0.004 0.007 O.Oll 0.014 0.017 0.021 0.024 0.027 
0.5 0.006 0.012 0.017 0.023 0.028 0.034 0.039 0.044 
0.7 0.008 0.016 0.024 0.032 0.039 0.046 0.054 0.061 

3.4 0.1 0.003 0.005 0.007 0.010 0.012 0.015 0.017 0.020 
0.3 0.008 0.015 0.022 0.029 0.036 0.042 0.049 0.056 
0.5 0.012 0.024 0.036 0.047 0.058 0.068 oms 0.088 
0.7 0.017 0.034 0.049 0.064 0.079 0.092 0.106 0.118 

3.6 O.l 0.006 0.012 O.ot8 0.024 0.030 0.035 0.041 0.046 
0.3 O.ot8 0.036 0.052 0.068 0.083 0.097 0.1ll 0.124 
0.5 0.030 0.058 0.084 0.107 0.130 0.151 0.170 0.189 
0.7 0.042 0.079 0.113 0.143 0.172 0.198 0.222 0.245 

3.8 0.1 0.015 0.030 0.043 0.057 0.069 0.082 0.094 0.105 
0.3 0.044 0.083 O.ll9 0.150 0.180 0.207 0.232 0.256 
0.5 0.072 0.132 0.183 0.228 0.268 0.304 0.338 0.369 
0.7 0.099 0.176 0.240 0.295 0.343 0.386 0.425 0.460 

5 3.2 0.1 0.003 0.005 0.008 0.010 0.013 0.015 O.ot8 0.020 
0.3 0.008 0.015 0.023 0.031 0.038 0.045 0.053 0.060 
0.5 0.013 0.026 O.o38 0.050 0.062 0.074 0.086 0.098 
0.7 O.ot8 0.036 0.053 0.070 0.086 0.103 0.119 0.134 

3.4 0.1 0.006 O.Oll 0.017 0.022 0.027 0.033 O.o38 0.043 
0.3 0.017 0.033 0.049 0.064 0.080 0.095 0.110 0.124 
0.5 0.028 0.054 0.080 0.105 0.130 0.153 0.176 0.199 
0.7 0.039 0.075 0.111 0.145 0.177 0.209 0.239 0.268 

3.6 O.l 0.014 0.027 0.041 0.054 0.067 0.079 0.092 0.104 
0.3 0.041 0.080 0.118 0.154 0.188 0.221 0.253 0.284 
0.5 0.068 0.132 0.191 0.246 0.298 0.347 0.393 0.438 
0.7 0.096 0.181 0.259 0.331 0.398 0.460 0.518 0.574 

3.8 0.1 0.034 0.067 0.098 0.128 0.158 0.186 0.213 0.240 
0.3 0.102 0.192 0.274 0.349 0.419 0.483 0.544 0.601 
0.5 0.169 0.309 0.431 0.539 0.636 0.724 0.806 0.881 
0.7 0.235 0.420 0.575 0.708 0.826 0.932 1.028 l.l17 

7 3.2 0.1 0.005 0.009 0.013 O.ot8 0.022 0.027 0.031 0.035 
0.3 0.013 0.027 0.040 0.053 0.066 0.079 0.091 0.104 
0.5 0.022 0.044 0.066 0.087 0.109 0.129 0.150 0.170 
0.7 0.031 0.062 0.092 0.121 0.150 0.179 0.207 0.234 

3.4 0.1 0.010 0.019 0.029 0.038 0.048 0.057 0.066 0.076 
0.3 0.029 0.058 0.086 O.ll3 0.140 0.167 0.193 0.218 
0.5 0.048 0.095 0.141 0.185 0.228 0.270 0.3ll 0.351 
0.7 0.068 0.133 0.195 0.256 0.314 0.370 0.424 0.476 

3.6 0.1 0.024 0.048 0.072 0.095 0.115 0.140 0.162 0.184 
0.3 0.073 0.143 0.209 0.274 0.335 0.395 0.452 0.508 
0.5 0.122 0.235 0.341 0.441 0.534 0.623 0.708 0.789 
0.7 0.172 0.326 0.468 0.598 0.719 0.833 0.940 1.041 

3.8 0.1 - - - - - - - -
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1994 UNIFORM BUILDING CODE 18-111-U 

TABLE 18-111-U-DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR AN 
EDGE LIFT SWELLING CONDITION IN PREDOMINANTLY ILLITE CLAY SOIL (30 PERCENT CLAY) 

DIFFERENTIAL SWELL (Inch) 

x25.4for mm 
DEPTH TO VELOCITY OF 
CONSTANT MOISTURE Edge Distance Penelralion 
SUCTION FLOW 

PERCENT 
(H.) 

CONSTANT (inches/month) x 304.8 for mm 

CLAY x 304.8 for SUCTION x 25.4 for 
(%) mm (pF) mm/month 1 H. 2ft. 3ft. 4ft. 5H. 6ft. 7ft. an. 
30 3 3.2 0.1 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 

0.3 0.003 0.006 0.009 0.012 0.015 0.017 0.020 0.023 
0.5 0.006 0.010 O.ot5 0.019 0.024 0.029 0.333 0.037 
0.7 0.007 0.014 0.020 0.027 0.033 0.039 0.045 0.051 

3.4 0.1 0.002 0.004 0.006 0.008 0.010 0.013 O.ot5 0.017 
0.3 0.006 0.013 0.019 O.D25 0.030 0.036 0.042 0.047 
0.5 0.011 0.021 0.030 0.040 0.049 0.058 0.066 0.075 
0.7 O.ot5 0.029 0.042 0.054 0.067 O.D78 0.089 0.100 

3.6 0.1 0.005 0.010 0.015 0.020 0.025 0.030 O.Q35 0.039 
0.3 0.016 0.030 0.044 0.057 0.070 0.082 0.094 0.105 
0.5 0.026 0.049 0.071 0.091 0.110 0.128 0.144 0.160 
0.7 0.036 0.067 0.096 0.121 0.145 0.168 0.186 0.208 

3.8 0.1 0.013 O.Q25 0.037 0.048 0.059 0.069 0.079 0.089 
0.3 0.038 0.071 0.100 0.127 0.152 0.175 0.197 0.217 
0.5 0.061 0.112 0.155 0.193 0.227 0.258 0.286 0.312 
0.7 0.084 0.149 0.203 0.250 0.290 0.327 0.360 0.390 

5 3.2 0.1 0.002 0.004 0.007 0.009 0.011 0.013 O.ot5 0.017 
0.3 0.007 0.013 0.019 0.026 0.032 O.Q38 0.045 0.051 
0.5 0.011 0.022 0.032 0.043 0.053 0.063 0.073 0.083 
0.7 O.ot5 0.030 0.045 0.059 0.073 0.087 0.100 0.114 

3.4 0.1 0.005 0.009 0.014 0.019 0.023 O.D28 0.032 0.037 
0.3 0.014 O.D28 0.041 0.055 0.068 0.080 0.093 0.105 
0.5 0.023 0.046 0.068 0.089 0.110 0.130 0.149 0.168 
0.7 0.033 0.064 0.094 0.123 0.150 0.177 0.202 0.227 

3.6 0.1 0.012 0.023 0.034 0.046 0.056 0.067 O.D78 0.088 
0.3 O.Q35 0.068 0.100 0.130 0.159 0.187 0.214 0.241 
0.5 0.058 0.112 0.161 0.208 0.252 0.294 0.333 0.371 
0.7 0.081 0.154 0.220 0.281 0.337 0.390 0.439 0.486 

3.8 0.1 0.029 0.057 0.083 0.109 0.134 0.158 0.181 0.203 
0.3 0.086 0.163 0.232 0.296 0.355 0.409 0.461 0.509 
0.5 0.143 0.262 0.365 0.456 0.539 0.613 0.683 0.746 
0.7 0.199 0.356 0.487 0.600 0.699 0.789 0.871 0.946 

7 3.2 0.1 0.004 0.008 0.011 O.ot5 0.019 0.023 0.026 0.030 
0.3 0.011 0.023 0.034 0.045 0.056 0.067 0.077 0.088 
0.5 0.019 0.038 0.056 0.074 0.092 0.110 0.127 0.144 
0.7 0.027 0.052 O.D78 0.103 0.127 0.152 0.176 0.198 

3.4 0.1 0.008 0.016 0.024 0.032 0.040 0.048 0.056 0.064 
0.3 0.025 0.049 0.072 0.096 0.119 0.141 0.163 0.185 
0.5 0.041 0.081 0.119 0.157 0.194 0.229 0.264 0.298 
0.7 0.058 0.113 0.166 0.217 0.266 0.313 0.359 0.404 

3.6 0.1 0.021 0.041 0.061 0.080 0.100 0.119 0.137 0.156 
0.3 0.062 0.121 0.177 0.232 0.284 0.334 0.383 0.430 
0.5 0.103 0.199 0.289 0.373 0.453 0.528 0.600 0.668 
0.7 0.145 0.276 0.396 0.507 0.609 0.706 0.796 0.882 

3.8 0.1 - - - - - - - -
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18-111-V 1994 UNIFORM BUILDING CODE 

TABLE 18-111-V-DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR AN 
EDGE LIFT SWELLING CONDITION IN PREDOMINANTLY ILLITE CLAY SOIL (40 PERCENT CLAY) 

DIFFERENTIAL SWELL (Inch) 

x25.41or mm 
DEPTH TO VELOCITY OF 
CONSTANT MOISTURE Edge DISianca Penetration 
SUCTION FLOW 

PERCENT 
(ft.) 

CONSTANT 
(lncha/month) x 304.81or mm 

CLAY x 304.8 tor SUCTION x25.4tor 
(%) mm (pF) mmtmonlh 1ft. 2ft. 3ft. 4ft. 5ft. 6ft. 7ft. an. 
40 3 3.2 0.1 0.001 0.003 0.004 0.006 0.007 0.009 0.010 0.011 

0.3 0.004 0.009 0.013 0.017 0.021 O.D25 0.029 0.033 
0.5 0.007 0.014 0.021 0.028 O.D35 0.041 0.048 0.054 
0.7 0.010 0.020 0.029 0.039 0.048 0.057 0.065 0.074 

3.4 0.1 0.003 0.006 0.009 0.012 O.D15 O.DJ8 0.021 0.024 
0.3 0.009 O.DJ8 0.027 0.035 0.044 0.052 0.060 0.068 
0.5 O.Q15 0.030 0.044 0.058 0.071 0.083 0.096 0.108 
0.7 0.021 0.041 0.060 0.079 0.096 0.113 0.129 0.145 

3.6 0.1 0.008 O.DJ5 0.022 0.029 0.036 0.043 0.050 0.057 
0.3 0.022 0.044 0.064 0.083 0.101 0.119 0.136 0.152 
0.5 0.037 0.071 0.102 0.131 0.158 0.184 0.208 0.231 
0.7 0.051 0.097 0.138 0.175 0.210 0.242 0.272 0.300 

3.8 0.1 0.019 0.036 0.053 0.069 0.085 0.100 0.115 0.129 
0.3 0.054 0.102 0.145 0.184 0.220 0.253 0.284 0.313 
0.5 0.088 0.161 0.224 0.278 0.328 0.372 0.413 0.451 
0.7 0.122 0.216 0.294 0.360 0.419 0.472 0.519 0.563 

5 3.2 0.1 0.003 0.006 0.009 0.013 0.016 0.019 0.022 0.025 
0.3 0.009 0.019 0.028 0.037 0.046 0.055 0.064 0.073 
0.5 0.016 0.031 0.047 0.062 0.076 0.091 0.105 0.120 
0.7 0.022 0.044 0.065 0.085 0.106 0.125 0.145 0.164 

3.4 0.1 0.007 0.014 0.020 0.027 0.033 0.040 0.046 0.053 
0.3 0.020 0.040 0.060 0.079 0.097 0.116 0.134 0.152 
0.5 0.034 0.066 0.098 0.129 0.158 0.187 0.216 0.243 
0.7 0.047 0.092 0.135 0.177 0.217 0.255 0.292 0.328 

3.6 0.1 0.017 0.033 0.050 0.066 0.081 0.097 0.112 0.127 
0.3 0.050 0.098 0.144 0.188 0.230 0.271 0.310 0.347 
0.5 0.084 0.161 0.233 0.300 0.364 0.424 0.481 0.535 
0.7 0.117 0.222 0.317 0.405 0.487 0.563 0.634 0.701 

3.8 0.1 0.042 0.082 0.120 0.157 0.193 0.228 0.261 0.294 
0.3 0.124 0.235 0.335 0.427 0.512 0.591 0.665 0.735 
0.5 0.206 0.378 0.527 0.659 0.777 0.886 0.985 1.078 
0.7 0.288 0.514 0.703 0.866 1.010 l.J39 1.257 1.366 

7 3.2 0.1 0.005 0.011 0.016 0.022 0.027 0.033 O.D38 0.043 
0.3 0.016 0.033 0.049 0.065 0.080 0.096 0.112 0.127 
0.5 0.027 0.054 0.081 0.107 0.133 0.158 0.183 0.208 
0.7 0.038 0.076 0.112 0.149 0.184 0.219 0.253 0.286 

3.4 0.1 0.012 0.024 0.035 0.047 0.058 0.070 0.081 0.093 
0.3 0.036 0.070 0.105 0.138 0.171 0.204 0.236 0.267 
0.5 0.059 0.117 0.172 0.227 0.279 0.331 0.381 0.430 
0.7 0.083 0.163 0.239 0.313 0.384 0.452 0.518 0.583 

3.6 0.1 0.030 0.059 0.088 0.116 0.144 0.171 0.198 0.225 
0.3 0.089 0.175 0.256 0.335 0.410 0.483 0.553 0.621 
0.5 0.149 0.288 0.417 0.539 0.654 0.762 0.866 o.965 I 
0.7 0.210 0.399 0.572 0.731 0.880 1.019 l.J49 1.273 

3.8 0.1 - - - - - - - - I 
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1994 UNIFORM BUILDING CODE 18-111-W 

TABLE 18-111-W-DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR AN 
EDGE LIFT SWELLING CONDITION IN PREDOMINANTLY ILLITE CLAY SOIL (50 PERCENT CLAY) 

DIFFERENTIAL SWELL (inch) 

x 25.41ormm 
DEPTH TD VELOCITY OF 
CONSTANT MOISTURE Edge Distance Penetration 
SUCTION FLOW 

PERCENT 
(ft.) 

CONSTANT 
(IncheS/month) x 304.81or mm 

CLAY x304.81or SUCTION x25.4tor 
(%) mm (pF) mm/Jnonth 111. 211. 3ft. 411. 5ft. 6ft. 711. an. 
50 3 3.2 0.1 0.002 0.004 0.006 0.008 0.009 O.Oll 0.013 O.oJ5 

0.3 0.006 O.Oll 0.017 0.022 O.OZ8 0.033 O.o38 0.044 
0.5 0.009 0.019 O.OZ8 0.037 0.045 0.054 0.062 0.071 
0.7 0.013 0.026 0.038 0.051 0.062 0.074 0.086 0.097 

3.4 0.1 0.004 0.008 0.012 0.016 0.020 0.024 0.027 0.031 
0.3 0.012 0.024 O.o35 0.046 0.057 0.068 0.078 0.089 
0.5 0.020 0.039 0.057 0.075 0.092 0.109 0.125 0.141 
0.7 O.OZ8 0.054 0.079 0.103 0.126 0.148 0.169 0.189 

3.6 0.1 0.010 0.020 0.029 O.o38 0.048 0.057 0.065 0.074 
0.3 0.029 0.057 0.083 0.108 0.132 0.155 0.178 0.199 
0.5 0.048 0.093 0.134 0.172 0.207 0.241 0.272 0.303 
0.7 0.067 0.127 0.180 0.229 0.274 0.316 0.356 0.392 

3.8 0.1 0.024 0.047 0.069 0.091 O.ll1 0.131 0.150 0.168 
0.3 0.071 0.133 0.189 0.240 0.287 0.331 0.371 0.409 
0.5 O.ll6 0.211 0.292 0.364 0.428 0.486 0.540 0.589 
0.7 0.159 0.282 0.384 0.471 0.548 0.616 0.679 0.736 

5 3.2 0.1 0.004 0.008 0.012 0.016 0.021 0.025 0.029 0.033 
0.3 0.012 0.025 0.037 0.049 0.061 0.072 0.084 0.096 
0.5 0.021 0.041 0.061 0.080 0.100 0.119 0.138 0.156 
0.7 0.029 0.057 0.085 0.112 0.138 0.164 0.190 0.215 

3.4 0.1 0.009 0.018 0.026 O.o35 0.044 0.052 0.061 0.069 
0.3 0.027 0.052 O.Q78 0.103 0.127 0.152 0.175 0.198 
0.5 0.044 0.087 0.128 0.168 0.207 0.245 0.282 0.318 
0.7 0.062 0.121 0.177 0.231 0.283 0.334 0.382 0.429 

3.6 0.1 0.022 0.044 0.065 0.086 0.106 0.127 0.147 0.166 
0.3 0.066 0.129 0.188 0.246 0.301 0.354 0.405 ~:j~ I 0.5 0.109 0.211 0.305 0.393 0.476 0.554 0.629 
0.7 0.153 0.290 0.415 0.530 0.636 0.736 0.829 0.917 1 

3.8 0.1 0.054 0.107 0.157 0.205 0.252 0.297 0.341 0.384 i 
0.3 0.162 0.307 0.438 0.558 0.669 0.773 0.870 0.961 
0.5 0.269 0.494 0.689 0.861 1.016 1.158 1.288 1.409 
0.7 0.376 0.672 0.919 1.132 1.320 1.490 1.644 1.785 

7 3.2 0.1 0.007 0.014 0.021 0.028 0.035 0.042 0.049 0.056 
0.3 0.021 0.043 0.064 0.085 0.105 0.126 0.146 0.166 
0.5 0.036 0.071 0.106 0.140 0.173 0.207 0.240 0.272 
0.7 0.050 0.099 0.147 0.194 0.240 0.286 0.331 0.375 

3.4 0.1 O.oJ5 0.031 0.046 0.061 0.076 0.091 0.106 0.121 
0.3 0.046 0.092 0.137 0.181 0.224 0.266 0.308 0.349 
0.5 0.077 0.153 0.225 0.296 0.365 0.432 0.498 0.562 
0.7 0.109 0.213 0.313 0.409 0.501 0.591 0.678 0.762 

3.6 0.1 0.039 0.077 0.115 0.152 0.188 0.224 0.259 0.294 
0.3 O.ll7 0.228 0.335 0.437 0.536 0.631 0.723 0.811 
0.5 0.195 0.376 0.545 0.704 0.854 0.997 1.132 1.261 
0.7 0.274 0.522 0.748 0.956 1.150 1.332 1.503 1.664 

3.8 0.1 - - - - - - -
--L__ 
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18-111-X 1994 UNIFORM BUILDING CODE 

TABLE 18-111-X-DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR AN 
EDGE LIFT SWELLING CONDITION IN PREDOMINANTLY ILLITE CLAY SOIL (60 PERCENT CLAY) 

DIFFERENTIAL SWELL (Inch) 

x25.41ormm 
DEPTH TO VELOCITY OF 
CONSTANT MOISTURE Edge Distance Penetration 
SUCTION FLOW 

PERCENT 
(ft.) 

CONSTANT 
(iaches/monlll) x 304.81or mm 

CLAY x304.8for SUCTION x25.4 for 
('Yo) mm (pF) mm/montb 1 n. 2ft. 3ft. 4ft. 5ft. &ft. 7ft. an. 
60 3 3.2 0.1 0.002 0.005 0.007 0.009 0.012 0.014 0.016 O.ot8 

0.3 0.007 0.014 0.021 0.027 0.034 0.041 0.047 0.054 
0.5 0.012 0.023 0.034 0.045 0.056 0.067 0.077 0.087 
0.7 0.016 0.032 0.047 0.062 0.077 0.092 0.106 0.119 

3.4 0.1 0.005 0.010 0.015 0.020 0.024 0.029 0.034 0.039 
0.3 0.015 0.029 0.043 0.057 0.071 0.084 0.097 0.110 
0.5 0.025 0.048 0.071 0.093 0.114 0.135 0.155 0.174 
0.7 0.034 0.067 0.097 0.127 0.155 0.182 0.208 0.234 

3.6 0.1 0.012 0.024 0.036 0.047 0.059 0.070 0.081 0.092 
0.3 0.036 0.070 0.103 0.134 0.164 0.192 0.219 0.245 
0.5 0.060 0.114 0.165 0.212 0.256 0.297 0.337 0.374 
0.7 0.083 0.156 0.223 0.283 0.339 0.391 0.439 0.485 

3.8 0.1 0.030 0.058 0.086 0.112 0.137 0.162 0.185 0.208 
0.3 0.088 0.165 0.234 0.297 0.355 0.409 0.459 0.506 
0.5 0.143 0.260 0.361 0.450 0.529 0.601 0.667 0.728 
0.7 0.196 0.348 0.474 0.582 0.677 0.761 0.838 0.909 

5 3.2 0.1 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040 
0.3 0.015 0.030 0.045 0.060 0.075 0.089 0.104 0.118 
0.5 0.025 0.050 0.075 0.099 0.123 0.147 0.170 0.193 
0.7 0.036 0.070 0.104 0.138 0.171 0.203 0.234 0.265 

3.4 0.1 0.011 0.022 0.033 0.043 0.054 0.064 0.075 0.085 
0.3 0.033 0.065 0.096 0.127 0.157 0.187 0.216 0.245 
0.5 0.055 0.107 0.158 0.208 0.256 0.303 0.348 0.393 
0.7 0.076 0.149 0.219 0.286 0.350 0.412 0.472 0.530 

3.6 0.1 0.027 0.054 0.080 0.106 0.132 0.157 0.181 0.206 1 
0.3 0.081 0.159 0.233 0.303 0.371 0.437 0.500 0.561 
0.5 0.135 0.260 0.376 0.485 0.588 0.685 0.777 0.864 
0.7 0.189 0.358 0.512 0.654 0.786 0.908 1.024 1.133 

3.8 0.1 0.067 0.132 0.194 0.254 0.311 0.367 0.422 0.474 
0.3 0.201 0.379 0.541 0.690 0.827 0.955 1.074 1.187 
0.5 0.333 0.611 0.851 1.064 1.255 1.430 1.591 1.740 
0.7 0.465 0.830 1.135 1.398 1.631 1.840 2.030 2.205 

7 3.2 0.1 0.009 O.ot8 0.026 0.035 0.044 0.052 0.061 0.070 
0.3 0.026 0.053 0.079 0.104 0.130 0.155 0.180 0.205 
0.5 0.044 0.088 0.130 0.173 0.214 0.255 0.296 0.336 
0.7 0.062 0.122 0.182 0.240 0.297 0.353 0.408 0.463 

3.4 0.1 0.019 0.038 0.057 0.076 0.094 0.113 0.131 0.149 
0.3 0.057 0.114 0.169 0.223 0.276 0.329 0.380 0.431 
0.5 0.096 0.188 0.278 0.366 0.451 0.534 0.615 0.694 
0.7 0.134 0.263 0.386 0.505 0.619 0.730 0.837 0.941 

3.6 0.1 0.048 0.095 0.141 0.187 0.232 0.277 0.320 0.364 
0.3 0.144 0.282 0.414 0.540 0.662 0.779 0.893 1.002 
0.5 0.241 0.465 0.674 0.870 1.055 1.231 1.398 0.558 
0.7 0.339 0.644 0.924 1.181 1.421 1.645 1.856 2.055 

3.8 0.1 - - - - - - - -

2-104 

1m 



1m 

1994 UNIFORM BUILDING CODE 18-111-Y 

TABLE 18-111-Y-DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR AN 
EDGE LIFT SWELLING CONDITION IN PREDOMINANTLY ILLITE CLAY SOIL (70 PERCENT CLAY) 

DIFFERENTIAL SWELL (Inch) 

x25.41ormm 
DEPTH TO VELOCITY OF 
CONSTANT MOISTURE Edge Diatance Penetration 
SUCTION FLOW 

PERCENT 
(H.) 

CONSTANT 
(IncheS/month) x 304.81or mm 

CLAY x 304.81or SUCTION x 25.41or 
(%) mm (pF) mm/monlh 1ft. 2ft. 3ft. 4ft. 5H. 6ft. 7ft. an. 
70 3 3.2 0.1 0.003 0.006 0.008 O.Oll 0.014 0.017 0.019 0.022 

0.3 0.008 0.017 O.OZ5 0.033 0.041 0.048 0.056 0.064 
0.5 0.014 0.027 0.041 0.054 0.067 0.079 0.092 0.104 
0.7 0.019 0.038 0.056 0.074 0.092 0.109 0.126 0.142 

3.4 0.1 0.006 0.012 0.018 0.023 0.029 O.o35 0.040 0.046 
0.3 0.018 O.o35 0.052 0.068 0.084 0.100 O.ll5 0.130 
0.5 0.029 0.057 0.084 0.111 0.136 0.160 0.184 0.207 
0.7 0.041 0.079 0.116 0.151 0.185 0.217 0.248 0.278 

3.6 0.1 O.ot5 0.029 0.043 0.056 0.070 0.083 0.096 0.109 
0.3 0.043 0.084 0.123 0.159 0.195 0.229 0.261 0.292 
0.5 0.071 0.136 0.196 0.252 0.305 0.354 0.401 0.445 
0.7 0.099 0.186 0.265 0.337 0.403 0.465 0.523 0.577 

3.8 O.l 0.036 0.070 0.102 0.133 0.163 0.192 0.220 0.247 
0.3 0.104 0.196 0.279 0.354 0.422 0.486 0.546 0.602 
0.5 0.170 0.310 0.430 0.535 0.630 0.715 0.794 0.866 
0.7 0.234 0.415 0.564 0.692 0.805 0.906 0.998 1.082 

5 3.2 0.1 0.006 0.012 O.ot8 0.024 0.030 0.036 0.042 0.048 
0.3 0.018 0.036 0.054 0.072 0.089 0.106 0.124 0.141 
0.5 0.030 0.060 0.089 0.118 0.147 0.175 0.202 0.230 
0.7 0.042 0.084 0.124 0.164 0.203 0.241 0.279 0.315 

3.4 0.1 0.013 0.026 0.039 0.052 0.064 0.077 0.089 0.102 
0.3 0.039 0.077 0.115 0.151 0.187 0.223 0.258 0.292 
0.5 0.065 0.128 0.188 0.247 0.305 0.360 0.414 0.467 
0.7 0.091 0.177 0.260 0.340 0.417 0.490 0.562 0.631 

3.6 0.1 0.032 0.064 0.095 0.126 0.157 0.186 0.216 0.245 
0.3 0.097 0.189 0.277 0.361 0.442 0.520 0.595 0.667 I 
0.5 0.161 0.309 0.448 0.577 0.699 0.815 0.925 1.029 
0.7 0.225 0.426 0.610 0.779 0.935 1.081 1.219 1.348 

3.8 0.1 0.080 0.157 0.231 0.302 0.371 0.437 0.502 o.564 I 
0.3 0.239 0.452 0.644 0.821 0.984 l.l36 1.279 1.413 
0.5 0.396 0.727 1.013 1.266 1.494 1.702 1.894 2.072 
0.7 0.563 0.988 1.351 1.664 1.941 2.190 2.417 2.625 

7 3.2 0.1 O.Oll 0.021 0.031 0.042 0.052 0.062 0.073 0.083 
0.3 0.031 0.063 0.094 0.124 0.155 0.185 0.215 0.244 
0.5 0.062 0.104 0.155 0.205 0.255 0.304 0.352 0.400 
0.7 0.074 0.146 0.216 0.285 0.354 0.420 0.486 0.551 

3.4 0.1 0.023 0.045 0.068 0.090 0.112 0.134 0.156 0.178 
0.3 0.068 0.135 0.201 0.266 0.329 0.391 0.453 0.513 
0.5 0.114 0.224 0.331 0.436 0.537 0.636 0.732 0.826 
0.7 0.160 0.313 0.459 0.601 0.737 0.869 0.996 l.l20 

3.6 0.1 0.057 0.113 0.168 0.223 0.276 0.329 0.381 0.433 
0.3 0.172 0.335 0.492 0.643 0.788 0.928 1.063 l.l93 
0.5 0.287 0.553 0.802 1.036 1.256 1.465 1.664 1.854 
0.7 0.403 0.767 1.099 1.406 1.691 1.958 2.209 2.447 

3.8 0.1 - - - - - - - -
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18-111-Z 1994 UNIFORM BUILDING CODE 

TABLE 18-111-Z-DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR 
AN EDGE LIFT SWE.LLING CONDITION IN PREDOMINANTLY MONTMORILLONITE CLAY SOIL 

(30 PERCENT CLAY) 

DIFFERENTIAL SWELL (Inch) 

x25.41or mm 
DEPTH TO VELOCITY OF 
CONSTANT MOISTURE Edge Distance Penetration 
SUCTION FLOW 

PERCENT 
(II.) 

CONSTANT 
(InCiter/mOnth) x 304.81or mm 

CLAY x304.81or sucnoN x 25.41or 
(%) mm (pF) mm/month 111. 211. 311. 411. 511. 611. 711. 811. 

30 3 3.2 0.1 0.001 0.002 0.004 0.005 0.006 0.007 0.008 0.009 
0.3 0.004 0.007 0.010 0.014 0.017 0.021 0.024 0.027 
0.5 0.006 0.012 0.017 0.023 O.OZ8 0.034 0.039 0.044 
0.7 0.008 0.016 0.024 0.032 0.039 0.046 0.053 0.060 

3.4 0.1 0.003 0.005 0.007 0.010 0.012 O.ot5 0.017 0.019 
0.3 0.007 O.ot5 0.022 0.029 0.036 0.042 0.049 0.055 
0.5 0.012 0.024 0.036 0.047 0.058 0.068 O.o78 0.088 
0.7 0.017 0.034 0.049 0.064 O.o78 0.092 0.105 0.118 

3.6 0.1 0.006 O.ot2 O.ot8 0.024 O.o30 O.o35 0.041 0.046 
0.3 O.ot8 0.036 0.052 0.068 0.083 0.097 0.111 0.124 
0.5 0.030 0.058 0.083 0.107 0.129 0.150 0.170 0.189 
0.7 0.042 0.079 0.112 0.143 0.171 0.197 0.222 0.245 

3.8 0.1 O.ot5 0.030 0.043 0.057 0.069 0.082 0.093 0.105 
0.3 0.044 0.083 0.118 0.150 0.179 0.206 0.232 0.255 
0.5 0.072 0.132 0.182 0.227 0.267 0.303 0.337 0.368 
0.7 0.099 0.176 0.239 0.294 0.342 0.385 0.423 0.459 

5 3.2 0.1 0.003 0.005 0.008 0.010 0.013 0.015 O.ot8 0.020 
0.3 0.008 O.ot5 0.023 0.030 O.o38 0.045 0.053 0.060 
0.5 0.013 0.026 O.o38 0.050 0.062 0.074 0.086 0.098 
0.7 O.ot8 0.036 0.053 0.070 0.086 0.102 0.118 0.134 

3.4 0.1 0.006 0.011 0.016 0.022 0.027 0.033 O.o38 0.043 
0.3 0.017 0.033 0.049 0.064 0.080 0.095 0.109 0.124 
0.5 O.OZ8 0.054 0.080 0.105 0.129 0.153 0.176 0.198 
0.7 0.039 0.075 0.110 0.144 0.177 0.208 0.238 0.268 

3.6 0.1 0.014 0.027 0.041 0.054 0.066 0.079 0.092 0.104 
0.3 0.041 0.080 0.118 0.153 0.188 0.221 0.252 0.283 
0.5 0.068 0.131 0.190 0.245 0.297 0.346 0.392 0.437 
0.7 0.095 0.181 0.259 0.330 0.397 0.459 0.517 0.572 

3.8 0.1 0.034 0.067 0.098 0.128 0.157 0.186 0.213 0.239 
0.3 0.101 0.192 0.273 0.348 0.418 0.482 0.543 0.600 
0.5 0.168 0.308 0.430 0.537 0.634 0.722 0.804 0.879 
0.7 0.235 0.419 0.573 0.706 0.824 0.929 1.025 Ll14 

7 3.2 0.1 0.004 0.009 0.013 O.ot8 0.022 0.027 0.031 O.o35 
0.3 0.013 0.027 0.040 0.053 0.066 O.o78 0.091 0.104 
0.5 0.022 0.044 0.066 0.087 0.108 0.129 0.150 0.170 
0.7 0.031 0.062 0.092 0.121 0.150 0.178 0.206 0.234 

3.4 0.1 O.otO 0.019 0.029 O.o38 0.048 0.057 0.066 0.075 
0.3 0.029 0.057 0.085 0.113 0.140 0.166 0.192 0.218 
0.5 0.048 0.095 0.141 0.185 0.228 0.270 0.311 0.361 
0.7 0.068 0.133 0.195 0.255 0.313 0.369 0.423 0.475 

3.6 0.1 0.024 0.048 0.071 0.095 0.117 0.140 0.162 0.184 
0.3 0.073 0.142 0.209 0.273 0.334 0.394 0.451 0.506 
0.5 0.122 0.235 0.340 0.439 0.533 0.622 0.706 0.787 
0.7 0.171 0.326 0.466 0.597 0.718 0.831 0.937 1.038 

- L__ 
3.8 0.1 - - - - - - - -

-
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1994 UNIFORM BUILDING CODE 18-111-AA 

TABLE 18-111-AA-DIFFERENTIAL SWELL OCCURRING AT THE P.ERIMETER OF A SLAB FOR 
AN EDGE LIFT SWELLING CONDITION IN PREDOMINANTLY MONTMORILLONITE CLAY SOIL 

(40 PERCENT CLAY) 

DIFFERENTIAL SWELL (inch) 

x25.41or mm 
DEPTH TO VELOCITY OF 
CONSTANT MOISTURE Edge OISianca Panatration 
SUCTION FLOW 

PERCENT 
(fl.) 

CONSTANT 
(lnchastmonlh) x 304.81or mm 

CLAY x 304.81or SUCTION x 25.41or 
(%) mm (pF) mm/monlh 1ft. 211. 3 II. 411. 511. 611. 711. 811. 

40 3 3.2 0.1 0.002 0.003 0.005 0.007 0.008 0.010 0.012 0.013 
0.3 0.005 0.010 O.Dl5 0.020 0.025 0.030 O.D35 0.039 
0.5 0.009 0.017 0.025 0.033 0.041 0.049 0.056 0.064 
0.7 0.012 0.023 0.035 0.046 0.056 0.067 0.077 0.087 

3.4 0.1 0.004 0.007 0.011 0.014 0.018 0.021 0.025 0.028 
0.3 0.011 0.021 0.032 0.042 0.052 0.061 0.071 0.080 
0.5 O.DI8 0.035 0.052 0.068 0.084 0.099 0.113 0.128 
0.7 O.D25 0.049 0.071 0.093 0.114 0.133 0.153 0.171 

3.6 0.1 0.009 O.Dl8 0.026 O.D35 0.043 0.051 0.059 0.067 
0.3 0.027 0.052 O.D75 0.098 0.120 0.141 0.160 0.180 
0.5 0.044 0.084 0.121 0.155 0.187 0.218 0.246 0.274 
0.7 0.061 0.114 0.163 0.207 0.248 0.286 0.321 0.355 

3.8 0.1 0.022 0.043 0.063 0.082 0.100 0.118 0.135 0.152 
0.3 0.064 0.121 0.171 0.217 0.260 0.299 0.336 0.370 
0.5 0.105 0.191 0.264 0.329 0.387 0.440 0.488 0.533 
0.7 0.144 0.255 0.347 0.426 0.495 0.557 0.614 0.665 

5 3.2 0.1 0.004 0.007 0.011 O.Dl5 0.019 0.022 0.026 0.030 
0.3 0.011 0.022 0.033 0.044 0.055 0.065 0.076 0.087 
0.5 0.019 0.037 0.055 0.073 0.090 0.107 0.125 0.141 
0.7 0.026 0.052 0.076 0.101 0.125 0.148 0.171 0.194 

3.4 0.1 0.008 0.016 0.024 0.032 0.039 0.047 0.055 0.062 
0.3 0.024 0.047 0.070 0.093 0.115 0.137 0.158 0.179 
0.5 0.040 O.D78 0.116 0.152 0.187 0.221 0.255 0.287 
0.7 0.056 0.109 0.160 0.209 0.256 0.302 0.345 0.388 

3.6 0.1 0.020 0.039 0~059 O.D78 0.096 0.115 0.133 0.150 
0.3 0.060 0.116 0.170 0.222 0.272 0.320 0.366 0.410 
0.5 0.099 0.190 0.275 0.355 0.430 0.501 0.568 0.633 
0.7 0.138 0.262 0.375 0.479 0.575 0.665 0.749 0.829 

3.8 0.1 0.049 0.096 0.142 0.186 0.228 0.269 0.309 0.347 
0.3 0.147 0.278 0.396 0.505 0.605 0.699 0.786 0.869 
0.5 0.244 0.447 0.623 0.779 0.919 1.047 1.164 1.274 
0.7 0.340 0.607 0.831 1.023 1.193 1.347 1.486 1.614 

7 3.2 0.1 0.006 0.013 0.019 0.026 0.032 0.038 0.045 0.051 
0.3 0.019 0.039 0.058 0.076 0.095 0.114 0.132 0.150 
0.5 0.032 0.064 0.095 0.126 0.157 0.187 0.217 0.246 
0.7 0.045 0.089 0.133 0.176 0.217 0.258 0.299 0.339 

3.4 0.1 0.014 O.D28 0.042 0.055 0.069 0.083 0.096 0.109 
0.3 0.042 0.083 0.124 0.163 0.202 0.241 0.278 0.316 
0.5 0.070 0.138 0.204 0.268 0.330 0.391 0.450 0.508 
0.7 0.098 0.192 0.283 0.369 0.453 0.534 0.613 0.689 

3.6 0.1 0.035 0.070 0.104 0.137 0.170 0.202 0.235 0.266 
0.3 0.106 0.206 0.303 0.395 0.484 0.570 0.653 0.734 
0.5 0.176 0.340 0.493 0.637 0.772 0.901 1.023 1.140 
0.7 0.248 0.472 0.676 0.864 1.040 1.204 1.358 1.504 

3.8 0.1 - - - - - - - -
-
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18-111-BB 1994 UNIFORM BUILDING CODE 

TABLE 18-111-BB-DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR 
AN EDGE LIFT SWELLING CONDITION IN PREDOMINANTLY MONTMORILLONITE CLAY SOIL 

(50 PERCENT CLAY) 

DIFFERENTIAL SWELL (Inch) 

x 25.4for mm 
DEPTH TO VELOCITY OF 
CONSTANT MOISTURE Edga Dlllanca Penatratlon 
SUCTION FLOW 

PERCENT 
(II.) 

CONSTANT (lncllellmonthl x 304.8 for mm 

CLAY x304.81or SUCTION x 25.4for 
I (%) mm (pF) mill/month 111. 211. 311. 411. 511. 611. 711. 811. 

50 3 3.2 0.1 0.002 0.004 0.007 0.009 0.011 0.013 O.ot5 O.ot8 I 
0.3 0.007 0.013 0.020 0.026 0.033 0.039 0.045 0.052 I 
0.5 0.011 0.022 0.033 0.043 0.054 0.064 0.074 0.084 
0.7 0.016 0.031 0.045 0.060 0.074 0.088 0.101 0.115 

3.4 0.1 0.005 0.009 0.014 0.019 0.023 0.028 0.032 0.037 1 
0.3 0.014 0.028 0.042 0.055 0.068 0.080 0.093 

0.105 I 
0.5 0.024 0.046 0.068 0.089 0.109 0.129 0.148 0.167 
0.7 0.033 0.064 0.093 0.122 0.149 0.175 0.200 0.224 

3.6 0.1 0.012 0.023 0.034 0.045 0.056 0.067 0.077 0.088 I 
0.3 0.035 0.068 0.099 0.128 0.157 0.184 0.210 0.235 
0.5 0.057 0.110 0.158 0.203 0.245 0.285 0.323 o.358 I 
0.7 0.079 0.150 0.213 0.271 0.325 0.375 0.421 0.465 

3.8 0.1 0.029 0.056 0.082 0.107 0.132 0.155 0.177 0.199 I 
0.3 0.084 0.158 0.224 0.285 0.340 0.392 0.440 0.485 
0.5 0.137 0.250 0.346 0.431 0.507 0.576 0.639 0.698 I 
0.7 0.188 0.334 0.454 0.558 0.649 0.730 0.804 0.871 

5 3.2 0.1 0.005 0.010 O.ot5 0.019 0.024 0.029 0.034 0.039 
0.3 O.ot5 0.029 0.044 0.058 0.072 0.086 0.100 0.133 
0.5 0.024 0.048 0.072 0.095 0.118 0.141 0.163 0.185 
0.7 0.034 0.067 0.100 0.132 0.163 0.194 0.224 0.254 

3.4 0.1 0.011 0.021 0.031 0.041 0.052 0.062 0.072 0.082 
0.3 0.031 0.062 0.092 0.122 0.151 0.179 0.207 0.235 
0.5 0.052 0.103 0.152 0.199 0.245 0.290 0.334 0.376 
0.7 0.073 0.143 0.210 0.274 0.335 0.395 0.452 0.508 

3.6 0.1 0.026 0.052 0.077 0.102 0.126 0.150 0.174 0.197 
0.3 0.078 0.152 0.223 0.291 0.356 0.419 0.479 0.538 
0.5 0.130 0.249 0.361 0.465 0.563 0.656 0.745 0.829 
0.7 0.181 0.343 0.491 0.627 0.753 0.871 0.981 1.086 

3.8 0.1 0.064 0.126 0.186 0.243 0.299 0.352 0.404 0.454 
0.3 0.192 0.364 0.519 0.661 0.793 0.915 1.030 1.138 
0.5 0.319 0.585 0.816 1.020 1.204 1.371 1.525 1.668 
0.7 0.445 0.796 1.088 1.340 1.563 1.764 1.946 2.114 

7 3.2 0.1 0.008 0.017 0.025 0.034 0.042 0.050 0.059 0.067 
0.3 0.025 0.050 0.075 0.100 0.125 0.149 0.173 0.197 
0.5 0.042 0.084 0.125 0.165 0.205 0.245 0.284 0.322 
0.7 0.059 0.117 0.174 0.230 0.285 0.339 0.391 0.443 

3.4 0.1 O.ot8 0.037 0.055 0.073 0.090 0.108 0.126 0.143 
0.3 0.055 0.109 0.162 0.214 0.265 0.315 0.365 0.413 
0.5 0.092 0.181 0.267 0.351 0.433 0.512 0.590 0.665 
0.7 0.129 0.252 0.370 0.484 0.594 0.700 0.802 0.902 

3.6 0.1 0.046 0.091 0.136 0.179 0.223 0.265 0.307 0.349 
0.3 0.138 0.270 0.397 0.518 0.635 0.747 0.856 0.961 
0.5 0.231 0.446 0.646 0.834 1.012 1.180 1.341 1.494 
0.7 0.325 0.618 0.885 1.132 1.362 1.577 1.779 1.970 

3.8 0.1 - - - - - - - -
--
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1994 UNIFORM BUILDING CODE 18-111-CC 

TABLE 18-111-CC-DIFFERENTIAL SWELL OCCURRiNG AT THE PERIMETER OF A SLAB FOR 
AN EDGE LIFT SWELLING CONDITION IN PREDOMINANTLY MONTMORILLONITE CLAY SOIL 

(60 PERCENT CLAY) 

DIFFERENTIAL SWELL (lneh) 

x 25.41ormm 
DEPTH TO VELOCITY OF 
CONSTANT MOISTURE Edge Distance Penetration 
SUCTION FLOW 

PERCENT 
(ft.) 

CONSTANT (inehestmonth) x 304.8 lor mm 

CLAY x 304.81or SUCTION x 25.41or 
(%) mm (pF) mm/month 1ft. 2ft. 3ft. 4ft. 5ft. 6ft. 7ft. an. 
60 3 3.2 0.1 0.003 0.006 0.008 0.011 0.014 0.016 0.019 0.022 

0.3 0.008 0.016 O.G25 0.033 0.040 0.048 0.056 0.064 
0.5 0.014 0.027 0.041 0.054 0.066 0.079 0.091 0.104 
0.7 0.019 0.038 0.056 0.074 0.091 0.109 0.125 0.142 

3.4 0.1 0.006 0.012 0.017 0.023 0.029 O.G35 0.040 0.046 
0.3 O.oJ8 O.G35 0.051 0.068 0.084 0.099 0.115 0.130 
0.5 0.029 0.057 0.084 0.110 0.135 0.160 0.183 0.206 
0.7 0.041 0.079 0.116 0.151 0.184 0.216 0.247 0.277 

3.6 0.1 0.014 0.029 0.043 0.056 0.070 0.083 0.096 0.109 
0.3 0.043 0.083 0.122 0.159 0.194 0.228 0.260 0.291 
0.5 0.071 0.136 0.195 0.251 0.303 0.352 0.399 0.433 
0.7 0.098 0.186 0.264 0.336 0.402 0.463 0.521 0.575 

3.8 0.1 O.G35 0.069 0.102 0.133 0.163 0.191 0.219 0.246 
0.3 0.104 0.195 0.277 0.352 0.421 0.484 0.544 0.599 
0.5 0.169 0.309 0.428 0.533 0.627 0.712 0.790 0.863 
0.7 0.233 0.413 0.562 0.690 0.802 0.903 0.994 1.077 

5 3.2 0.1 0.006 0.012 O.oJ8 0.024 0.030 0.036 0.042 0.048 
0.3 0.018 0.036 0.054 0.071 0.089 0.106 0.123 0.140 
0.5 0.030 0.060 0.090 0.118 0.146 0.174 0.202 0.229 
0.7 0.042 0.083 0.124 0.163 0.202 0.240 0.278 0.314 

3.4 0.1 0.013 0.026 0.039 0.051 0.064 0.076 0.089 0.101 
0.3 0.039 0.077 0.114 0.151 0.187 0.222 0.256 0.291 
0.5 0.065 0.127 0.188 0.246 0.303 0.359 0.413 0.465 
0.7 0.090 0.177 0.259 0.339 0.415 0.488 0.559 0.628 

3.6 0.1 0.032 0.064 0.095 0.126 0.156 0.186 0.215 0.244 
0.3 0.096 0.188 0.276 0.360 0.440 0.518 0.593 0.665 
0.5 0.160 0.308 0.446 0.575 0.697 0.812 0.921 1.025 
0.7 0.224 0.425 0.607 0.775 0.931 1.077 1.214 1.343 

3.8 0.1 0.080 0.156 0.230 0.301 0.369 0.436 0.500 0.562 
0.3 0.238 0.450 0.642 0.817 0.980 1.132 1.274 1.407 
0.5 0.395 0.724 1.009 1.261 1.488 1.695 1.886 2.063 
0.7 0.551 0.984 1.345 1.657 1.933 2.181 2.407 2.614 

7 3.2 0.1 0.010 0.021 0.031 0.042 0.052 0.062 0.072 0.083 
0.3 0.031 0.062 0.093 0.124 0.154 0.184 0.214 0.243 
0.5 0.052 0.104 0.155 0.205 0.254 0.303 0.351 0.398 
0.7 0.073 0.145 0.215 0.284 0.352 0.419 0.484 0.548 

3.4 0.1 0.023 0.045 0.067 0.090 0.112 0.134 0.155 0.177 
0.3 0.068 0.135 0.200 0.264 0.328 0.390 0.451 0.511 
0.5 0.113 0.223 0.330 0.434 0.535 0.633 0.729 0.823 
0.7 0.159 0.311 0.458 0.598 0.734 0.865 0.992 1.115 

3.6 0.1 0.057 0.113 0.168 0.222 0.275 0.328 0.380 0.431 
0.3 0.171 0.334 0.490 0.640 0.785 0.924 1.058 1.188 
0.5 0.286 0.551 0.799 1.031 1.251 1.459 1.658 1.847 
0.7 0.402 0.764 1.095 1.400 1.684 1.950 2.200 2.437 

3.8 0.1 - - - - - - -,_ .... .. -
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TABLE 18-111-DD-DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR 
AN EDGE LIFT SWELLING CONDITION IN PREDOMINANTLY MONTMORILLONITE CLAY SOIL 

(70 PERCENT CLAY) 

DIFFERENTIAL SWELL (Inch) 

x25.41or mm 
DEPTH TO VELOCITY OF 
CONSTANT MOISTURE Edge Distance Penetration 
SUCTION FLOW 

PERCENT 
(ft.) 

CONSTANT 
(Inches/month) x 384.81or mm 

CLAY x384.81or SUCTION x 25.4tor 
(%) mm (pF) mm/month 111. 211. 311. 411. 511. 611. 711. 811. 

70 3 3.2 0.1 0.003 0.007 0.010 0.013 0.016 0.020 0.023 0.026 
0.3 0.010 0.020 0.029 0.039 0.048 0.058 0.067 0.076 
0.5 0.016 0.032 0.048 0.064 0.079 0.094 0.109 0.123 
0.7 0.023 0.045 0.067 0.088 0.109 0.129 0.149 0.169 

3.4 0.1 0.007 0.014 0.021 O.o28 0.034 0.041 0.048 0.054 
0.3 0.021 0.041 0.061 0.081 0.100 0.118 0.137 0.155 
0.5 O.o35 0.068 0.100 0.131 0.161 0.190 0.219 0.246 
0.7 0.048 0.094 0.138 0.179 0.219 0.258 0.294 0.330 

3.6 0.1 0.017 0.034 0.051 0.067 0.083 0.099 0.114 0.129 
0.3 0.051 0.099 0.145 0.189 0.231 0.271 0.310 0.347 
0.5 0.084 0.162 0.233 0.299 0.361 0.420 0.475 0.528 
0.7 0.117 0.221 0.314 0.400 0.479 0.552 0.620 0.684 

3.8 0.1 0.042 0.082 0.121 0.158 0.194 0.228 0.261 0.293 
0.3 0.124 0.233 0.330 0.419 0.501 0.577 0.648 0.714 
0.5 0.202 0.368 0.510 0.635 0.747 0.849 0.942 1.028 
0.7 0.277 0.492 0.669 0.822 0.955 1.075 l.l84 1.284 

5 3.2 0.1 0.007 0.014 0.022 0.029 0.036 0.043 0.050 0.057 
0.3 0.022 0.043 0.064 0.085 0.106 0.126. 0.147 0.167 
0.5 0.036 0.071 0.106 0.140 0.174 0.207 0.240 0.273 
0.7 0.050 0.099 0.147 0.195 0.241 0.286 0.331 0.374 

3.4 0.1 0.015 0.031 0.046 0.061 0.076 0.091 0.106 0.121 
0.3 0.046 0.092 0.136 0.179 0.222 0.264 0.306 0.346 
0.5 0.077 0.151 0.223 0.293 0.361 0.427 0.492 0.554 
0.7 0.108 0.210 0.309 0.403 0.494 0.582 0.666 0.748 

3.6 0.1 O.o38 0.076 0.113 0.150 0.186 0.221 0.256 0.290 
0.3 0.115 0.224 0.329 0.429 0.525 0.617 0.706 0.792 
0.5 0.191 0.367 0.531 0.685 0.830 0.967 1.097 1.221 
0.7 0.267 0.506 0.724 0.924 1.110 1.283 1.446 1.600 

3.8 0.1 0.095 0.186 0.274 0.358 0.440 0.519 0.595 0.669 
0.3 0.283 0.536 0.764 0.974 l.l68 1.348 1.517 1.677 
0.5 0.470 0.862 1.262 1.502 1.773 2.020 2.247 2.458 
0.7 0.656 l.l72 1.603 1.974 2.303 2.598 2.867 3.114 

7 3.2 0.1 0.012 0.025 0.037 0.050 0.062 0.074 0.086 0.098 
0.3 0.037 0.074 0.111 0.147 0.183 0.219 0.255 0.290 
0.5 0.062 0.124 0.184 0.244 0.303 0.361 0.418 0.475 I 
0.7 0.087 0.173 0.256 0.339 0.419 0.499 0.577 0.653 

3.4 0.1 0.027 0.054 0.080 0.107 0.133 0.159 0.185 0.211 
0.3 0.081 0.160 0.238 0.315 0.390 0.464 0.537 0.609 
0.5 0.135 0.266 0.393 0.517 0.637 0.754 0.869 0.980 
0.7 0.189 0.371 0.545 0.713 0.875 1.031 1.182 1.329 

3.6 0.1 0.068 0.134 0.200 0.264 0.328 0.391 0.453 0.514 
0.3 0.204 0.398 0.584 0.763 0.935 1.101 1.261 1.415 
0.5 0.341 0.656 0.951 1.229 1.490 1.739 1.975 2.200 
0.7 0.479 0.910 1.304 1.668 2.006 2.323 2.621 2.903 

3.8 0.1 - - - - - - - -
0.3 

I -- -
0.5 

---- --- --
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TABLE 18-111-EE-COMPARISON OF METHODS OF DETERMINING 
CATION EXCHANGE CAPACITY 

CATION EXCHANGE CAPACITY (meq/100gm) 

18-111-EE 

SOIL SAMPLE ATOMIC ABSORPTION SPECTROPHOTOMETER, 

01-01 2l.l 20.2 
31-02 28.2 26.2 
53-05 14.7 7.0 
72-06 71.4 72.8 
73-06 21.6 18.9 
86-08 45.0 50.0 

1Bausch & Lomb "Spectronic-20" 

2-111 



SOIL PERCENT 
SAMPLE CLAY 

31-02 33.5 
72-06 50.0 
86-08 47.0 

TABLE 18-111-FF-COMPARISON OF CLAY MINERAL DETERMINATION METHODS 

ATTERBERG 
LIMITS C.E.C. (meq./100 gm) CEAc PREDOMINANT CLAY MINERAL 

Flame Correlation Flame Correlation Flame Correlation x-rax Defractlon 
PL PI Photometer Equation AC Photometer Equation Photometer Equation nalysis 

16.5 26.6 28.2 26.6 0.79 0.84 0.80 Smectite Smectite Smectite 
32.5 41.8 71.4 58.7 0.84 1.43 1.17 Smectite Smectite Smectite 
25.1 36.4 45.0 43.4 0.77 0.96 0.92 Smectite Smectite Smectite 
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DETERMINING THE WEIGHTED PLASTICITY INDEX (P.I.) 

Elev. 0.00 Ground Surface ___, 

P.l. 30 

Elev. 3.0 
--

P.l. 70 

Elev. 9.0 

P.l. 60 

Elev. 15.0 

Weight 
Factor 

F 

3 

3 

2 
2 

-t-
9 
"'I Wt. factor= 3 

I I~ 
N _LElev.5.0 

9 
\o, 

·~ 
;,. Wt. factor = 2 

~ 
::... ____L Elev. 10.0 

~ 
9 Wt. factor = I \o 
In 

CElev.l5.0 

Depth 
D FXD P.l. FxDxP.I. 

3 9 30 = 270 

2 6 70 = 420 
4 8 70 = 560 
I 2 60 = 120 
5 5 60 = 300 

30 1670 

Weighted P.l. = 1670/30 = 55.67 
= 56 

FIGURE 18-111-9 
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A 
Draped prestressed 

tendon 

1994 UNIFORM BUILDING CODE 

a. HALF-ELEVATION OF STIFFENING 
BEAM WITH DRAPED TENDON 

A 

mt~ ~to;;·~ !e 
t ' • A Pr 

b. FREE-BODY OF FORCES ON THE TENDON 

A 

Prsina~ 
_...... t---------

Prcosa 

A 

FREE-BODY OF FORCES ON THE CONCRETE 

FIGURE 18-111-13-FREE-BODV DIAGRAMS FOR DRAPED BEAM 
TENDON AND CONCRETE SECTION 
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JO 

FIGURE NO. 18-111-15-1-THORNTHWAITE MOISTURE INDEX DISTRIBUTION FOR TEXAS 
(20-YEAR AVERAGE, 1955-1974) 
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FIGURE 18·111·15·2-THORNTHWAITE MOISTURE INDEX DISTRIBUTION IN CALIFORNIA 
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· consequently larger values of vertical movement 
than reflected by the above curves and related 
tables: For this reason, the above curves should 
be used only in conjunction with a site-specific 
soils investigation by geotechnical engineers 
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NOTE: For practical applications, the maximum value of pF will seldom exceed a magnitude of 3.6. 
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Chapter 19 

CONCRETE 

1994 UNIFORM BIUILDING CODE 

Copyright © by the American Concrete Institute and reproduced 
with their consent. All rights reserved. 

SECTION 1900- SOURCE 

The contents of this chapter are patterned after, and in general conformity with, the provisions of 
Building Code Requirements for Reinforced Concrete (ACI 318-89) (revised 1992) and commen­
tary-ACI 318 R-89 (revised 1992) and ACI Standard 318 for reinforced concrete cesign. For addi­
tional background information and research data see the referenced American Concrete Institute 
(ACI) publication. 

In order to make reference to the ACI commentary easier for users of the code, the section desig­
nations of this chapter have been made similar to those found in ACI 318 (revised 1992). The first 
two digits of a section number indicates this chapter number and the balance matches the ACI chap­
ter and section designation wherever possible. Italics are used in this chapter to indicate where the 
Uniform Building Code differs substantively from the ACI standard. 

SECTION 1901- SCOPE 

The design of structures in concrete of cast-in-place or precast construction, plain, reinforced or 
prestressed, shall conform to the rules and principles specified in this chapter. 

SECTION 1902- DEFINITIONS 

The following terms are defined for general use in this code. Specialized definitions appear in indi­
vidual sections. 

ADMIXTURE is material other than water, aggregate, or hydraulic cement used as an ingredient 
of concrete and added to concrete before or during its mixing to modify its properties. 

AGGREGATE is granular material, such as sand, gravel, crushed stone and iron blast-furnace 
slag, and when used with a cementing medium forms a hydraulic cement concrete or mortar. 

AGGREGATE, LIGHTWEIGHT, is aggregate with a dry, loose weight of 70 pounds per cubic 
foot (pcf) ( 1120 kg/m3) or less. 

AIR-DRY WEIGHT is the unit weight of a lightweight concrete specimen cured for seven days 
with neither loss nor gain of moisture at 60° F. to 80° F. ( 15.6°C. to 26.7°C.) and dried for 21 days in 
50 ± 7 percent relative humidity at 73.4° F. ± 2° F. (23.0°C. ± J.JC.). 

ANCHORAGE in posttensioning is a device used to anchor tendons to concrete member; in pre­
tensioning, a device used to anchor tendons during hardening of concrete. 

BONDED TENDON is a prestressing tendon that is bonded to concrete either directly or 
through grouting. 

I 
CEMENTITIOUS MATERIALS are materials as specified in Section 1903 which have ce­

menting value when used in concrete either by themselves, such as portland cement or blended hy­
draulic cements, or in combination with fly ash, raw or other calcined natural pozzolans, or ground 
granulated blast-furnace slag. 

COLUMN is a member with a ratio of height-to-least-lateral dimension of 3 or greater used pri­
marily to support axial compressive load. 

COMPOSITE CONCRETE FLEXURAL MEMBERS are concrete flexural members of pre­
cast and cast-in-place concrete elements or both constructed in separate placements but so intercon­
nected that all elements respond to loads as a unit. 
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CONCRETE is a mixture of portland cement or any other hydraulic cement, fine aggregate, 
coarse aggregate and water, with or without admixtures. 

CONCRETE, SPECIFIED COMPRESSIVE STRENGTH OF <f'c), is the compressive 
strength of concrete used in design and evaluated in accordance with provisions of Section 1905, 
expressed in pounds per square inch (psi) (MPa). Whenever the quantity f'c i~; under a radical sign, 
square root of numerical value only is intended, and result has units of psi (MPa). 

CONCRETE, STRUCTURAL LIGHTWEIGHT, is concrete containing lightweight aggre­
gate having an air-dry unit weight as determined by definition above, not exceeding 115 pcf (1840 
kg/m3). In this code, a lightweight concrete without natural sand is termed "all-lightweight con­
crete" and lightweight concrete in which all fine aggregate consists of normal-weight sand is 
termed "sand-lightweight concrete." 

CURVATURE FRICTION is friction resulting from bends or curves in the specified prestress­
ing tendon profile. 

DEFORMED REINFORCEMENT is deformed reinforcing bars, bar and rod mats, deformed 
wire, welded smooth wire fabric and welded deformed wire fabric. 

DEVELOPMENT LENGTH is the length of embedded reinforcement required to develop the 
design strength of reinforcement at a critical section. See Section 1909.3.3. 

EFFECTIVE DEPTH OF SECTION (d) is the distance measured from extreme compression 
fiber to centroid of tension reinforcement. 

EFFECTIVE PRESTRESS is the stress remaining in prestressing tendons after all losses have 
occurred, excluding effects of dead load and superimposed load. 

EMBEDMENT LENGTH is the length of embedded reinforcement provtded beyond a critical 
section. 

JACKING FORCE is the temporary force exerted by device that introduces tension into pre­
stressing tendons in prestressed concrete. 

LOAD, DEAD, is the dead weight supported by a member, as defined by Section 1602 (without 
load factors). 

LOAD, FACTORED, is the load, multiplied by appropriate load factors, used to proportion 
members by the strength design method of this code. See Sections 1908.1.1 and 1909.2. 

LOAD, LIVE, is the live load specified by Section 1602 (without load factors). 

LOAD, SERVICE, is the live and dead loads (without load factors). 

MODULUS OF ELASTICITY is the ratio of normal stress to corresponding strain for tensile or 
compressive stresses below proportional limit of material. See Section 1908.5. 

PEDESTAL is an upright compression member with a ratio of unsupported height to average 
least lateral dimension of 3 or less. 

PLAIN CONCRETE is concrete that is either unreinforced or contains less reinforcement than I 
the minimum amount specified in this code for reinforced concrete. See Section 1923. 

PLAIN REINFORCEMENT is reinforcement that does not conform to definition of deformed 
reinforcement. 

POSTTENSIONING is a method of prestressing in which tendons are tensioned after concrete 
has hardened. 

PRECAST CONCRETE is plain or reinforced concrete element cast in other than its final posi­
tion in the structure. 

PRESTRESSED CONCRETE is reinforced concrete in which internal ~;tresses have been in­
troduced to reduce potential tensile stresses in concrete resulting from loads. 
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PRETENSIONING is a method of prestressing in which tendons are tensioned before concrete 
is placed. 

I REINFORCED CONCRETE is concrete reinforced with no less than the minimum amount 
required by this code, prestressed or nonprestressed, and designed on the assumption that the two 
materials act together in resisting forces. 

• 

REINFORCEMENT is material that conforms to Section 1903.5.1, excluding prestressing ten­
dons unless specifically included. 

SPAN LENGTH. See Section 1908.7. 

SPIRAL REINFORCEMENT is continuously wound reinforcement in the fmm of a cylindri­
cal helix. 

SPLITTING TENSILE STRENGTH lfc1) is the tensile strength of concrete. See Section 
1905.1.4, last paragraph. 

STIRRUP is reinforcement used to resist shear and torsion stresses in a structural member; typi­
cally bars, wires, or welded wire fabric (smooth or deformed) bent into L, U or rectangular shapes 
and located perpendicular to or at an angle to longitudinal reinforcement. (The term "stirrups" is 
usually applied to lateral reinforcement in flexural members and the term "ties" w those in com­
pression members.) See "tie." 

STRENGTH, DESIGN, is the nominal strength multiplied by a strength-reduction factor <1>- See 
Section 1909.3. 

STRENGTH, NOMINAL, is the strength of a member or cross section calculated in accordance 
with provisions and assumptions of the strength design method of this code before application of 
any strength-reduction factors. See Section 1909.3.1. 

STRENGTH, REQUIRED, is the strength of a member or cross section required to resist fac­
tored loads or related internal moments and forces in such combinations as are stipulated in this 
code. See Section 1909 .1.1. 

STRESS is the intensity of force per unit area. 

TENDON is a steel element such as wire, cable, bar, rod or strand, or a bundle of such elements, 
used to impart prestress to concrete. 

TIE is a loop of reinforcing bar or wire enclosing longitudinal reinforcement. See "stirrup." 

TRANSFER is the act of transferring stress in prestressing tendons from jacks or pretensioning 
bed to concrete member. 

WALL is a member, usually vertical, used to enclose or separate spaces. 

WOBBLE FRICTION in prestressed concrete, is friction caused by unintended deviation of 
prestressing sheath or duct from its specified profile. 

YIELD STRENGTH is the specified minimum yield strength or yield point of reinforcement in 
psi. 

SECTION 1903 - SPECIFICATIONS FOR TESTS AND MATERIALS 

1903.0 Notations . 

/y = specified yield strength of nonprestressed reinforcement, psi (MPa). 

1903.1 Tests of Materials. 

1903.1.1 The building official may require the testing of any materials used in concrete construc­
tion to determine if materials are of quality specified. 

1903.1.2 Tests of materials and of concrete shall be made by an approved agency and at no expense 
to the jurisdiction. Such tests shall be made in accordance with the standards listed in Section 1903. 
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1903.1.3 A complete record of tests of materials and of concrete shall be available for inspection 
during progress of work and for two years after completion of the project, and shall be preserved by 
the inspecting engineer or architect for that purpose. 

1903.1.4 Material and test standards. The standards listed in this section labeled a "U.B.C. stan­
dard" are also listed in Chapter 35, Part /l, and are part of this code. The other standards listed are 
recognized standards. (See Sections 3502 and 3503.) I 
1903.2 Cement. 

1. ASTM C 845, Expansive Hydraulic Cement 

2. U.B.C. Standard 19-1, Portland Cement and Blended Hydraulic Cements 

1903.3 Aggregates. 

1903.3.1 Recognized standards. 

1. ASTM C 33, Concrete Aggregates 

2. ASTM C 330, Lightweight Aggregates for Structural Concrete 

3. ASTM C 332, Lightweight Aggregates for Insulating Concrete 

4. Aggregates failing to meet the above specifications but which have been shown by special test 
or actual service to produce concrete of adequate strength and durability may be used where autho­
rized by the building official. 

1903.3.2 The nominal maximum size of coarse aggregate shall not be larger than: 

I. One fifth the narrowest dimension between sides of forms, or 

2. One third the depth of slabs, or 

3. Three fourths the minimum clear spacing between individual reinforcing bars or wires, 
bundles of bars, or prestressing tendons or ducts. 

These limitations may be waived if, in the judgment of the building official, workability and 
methods of consolidation are such that concrete can be placed without honeycomb or voids. 

1903.4 Water. 

1903.4.1 Water used in mixing concrete shall be clean and free from injun.ous amounts of oils, 
acids, alkalis, salts, organic materials or other substances that may be deleterious to concrete or re­
inforcement. 

I 

1903.4.2 Mixing water for prestressed concrete or for concrete that will contain aluminum embed- I 
ments, including that portion of mixing water contributed in the form of free moisture on aggre­
gates, shall not contain deleterious amounts of chloride ions. See Section 1904.4.1. 

1903.4.3 Nonpotable water shall not be used in concrete unless the following are satisfied: 

1903.4.3.1 Selection of concrete proportions shall be based on concrete mixes using water from 
the same source. 

1903.4.3.2 Mortar test cubes made with nonpotable mixing water shall have seven-day and 
28-day strengths equal to at least 90 percent of strengths of similar specimens made with potable 
water. Strength test comparison shall be made on mortars, identical except for the mixing water, 
prepared and tested in accordance with approved standards. 

1903.5 Metal Reinforcement. 

1903.5.1 Reinforcement shall be deformed reinforcement, except that plain reinforcement may be 
used for spirals or tendons, and reinforcement consisting of structural steel, steel pipe or steel tubing 
may be used as specified in this chapter. 
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1 1903.5.2 Reinforcing bars to be welded shall be indicated on the drawings and welding procedure 
to be used shall be specified. Steel specifications, except for A 706, shall be supplemented to require 
a report of material properties necessary to conform to welding procedures specified in U.B.C. 
Standard 19-2. 

1903.5.3 Deformed reinforcements. 

1903.5.3.1 ASTM A 615, A 616, A 617, A 706, A 767 and A 775, Reinforcing Bars for Concrete. 

1903.5.3.2 Deformed reinforcing bars with a specified yield strength /y exceeding 60,000 psi 
(413.7 MPa) may be used, provided/y shall be the stress corresponding to a strain of 0.35 percent 
and the bars otherwise conform to approved national standards, see ASTM A 615, A 616, A 617, 
A 706, A 767 and A 775. See Section 1909.4. 

1
1903.5.3.3 ASTM A 184, Fabricated Deformed Steel Bar Mats. For reinforced bars used in bar 
mats, see ASTM A 615, A 616, A 617, A 706, A 767 or A 775. 

1903.5.3.4 ASTM A 496, Steel Wire, Deformed, for Concrete Reinforcement. For deformed rein­
forcing wire, see ASTM A 615, A 616, A 617, A 706, A 767 or A 775. 

For deformed wire for concrete reinforcement, see ASTM A 496, except that wire shall not be 
smaller than size D4, and for wire with a specified yield strength/y exceeding 60,000 psi (413.7 

I 
MPa),fv shall be the stress corresponding to a strain of 0.35 percent, if the yield stre:1gth specified in 
design -exceeds 60,000 psi (413.7 MPa). 

1903.5.3.5 ASTM A 185, Steel Welded Wire, Fabric, Plain for Concrete Reinforcement. For 
welded plain steel wire fabric, see ASTM A 615, A 616, A 617, A 706, A 767 or A 775. 

For welded plain wire fabric for concrete reinforcement, see ASTM 185, except that for wire with 
a specified yield strength/y exceeding 60,000 psi (413.7 MPa),/y shall be the stress corresponding 

I to a strain of0.35 percent, if the yield strength specified in design exceeds 60,000 psi (413.7 MPa). 
Welded intersections shall not be spaced farther apart than 12 inches (305 mm) in direction of calcu­
lated stress, except for wire fabric used as stirrups in accordance with Section 1912.14. 

11903.5.3.6 ASTM A 497, Welded Deformed Steel Wire Fabric for Concrete Reinforcement. For 
welded deformed steel wire fabric, see ASTM A 615, A 616, A 617, A 706, A 767 or A 775. 

For welded deformed wire fabric for concrete reinforcement, see ASTM A 497, except that for 
wire with a specified yield strength/y exceeding 60,000 psi (413.7 MPa),/y shall be the stress corre-

1 sponding to a strain of 0.35 percent, if the yield strength specified in design exceeds 60,000 psi 
(413.7 MPa). Welded intersections shall not be spaced farther apart than 16 inches (406 mm) in 
direction of calculated stress, except for wire fabric used as stirrups in accordance with Section 
1912.13. 

11903.5.3.7 Deformed reinforcing bars may be galvanized or epoxy coated. For zinc or epoxy­
coated reinforcement, see ASTM A 615, A 616, A 617, A 706, A 767 and A 775. 

1903.5.4 Plain reinforcement. 

1903.5.4.1 Plain bars for spiral reinforcement shall conform to approved national standards, see 
ASTMA 615, A 616 and A 617. 

1903.5.4.2 For plain wire for spiral reinforcement, see ASTM A 82 except that for wire with a speci­
fied yield strength/y exceeding 60,000 psi (413.7 MPa),/y shall be the stress co1Tesponding to a 

I strain of 0.35 percent, if the yield strength specified in design exceeds 60,000 psi (413.7 MPa). 

1903.5.5 Prestressing tendons. 

1903.5.5.1 1. ASTM A 416, Uncoated Seven-wire Stress-relieved Steel Strand for Prestressed 
Concrete 
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2. ASTM A 421, Uncoated Stress-relieved Wire for Prestressed Concrete 

3. ASTM A 722, Uncoated High-strength Steel Bar for Prestressing Concrete 

1903.5.5.2 Wire, strands and bars not specifically listed in ASTM A 416, A 421 and A 722 may be 
used, provided they conform to minimum requirements of these specifications and do not have 
properties that make them less satisfactory than those listed. 

1903.5.6 Structural steel, steel pipe or tubing. 

1903.5.6.1 For structural steel used with reinforcing bars in composite compression members 
meeting requirements of Section 1910.14.7 or 1910.14.8, see ASTM A 36, A 242, A 572 and A 588. I 
1903.5.6.2 For steel pipe or tubing for composite compression members composed of a steel­
encased concrete core meeting requirements of Section 1910.14.4, see ASTM A 53, A 500 and 
A 501. 

1903.5.7 U.B.C. Standard 19-2, Welding Reinforcing Steel, Metal1nserts and Connections in Re­
inforced Concrete Construction 

1903.6 Admixtures. 

1903.6.1 Admixtures to be used in concrete shall be subject to prior approval by the building offi­
cial. 

1903.6.2 An admixture shall be shown capable of maintaining essentially tile same composition 
and performance throughout the work as the product used in establishing concrete proportions in 
accordance with Section 1905.2. 

1903.6.3 Calcium chloride or admixtures containing chloride from other than impurities from ad­
mixture ingredients shall not be used in prestressed concrete, in concrete containing embedded alu­
minum, or in concrete cast against stay-in-place galvanized metal forms. See 8ections 1904.3.2 and 
1904.4.1. 

1903.6.4 ASTM C 260, Air-entraining Admixtures for Concrete 

1903.6.5 ASTM C 494 and C 1017, Chemical Admixtures for Concrete 

1903.6.6 ASTM C 618, Fly Ash and Raw or Calcined Natural Pozzolans for Use as Admixtures in 
Portland Cement Concrete 

1903.6.7 U.B.C. Standard 19-6, Ground-iron Blast-furnace Slag for Use in Concrete and Mortars 

1903.7 Storage of Materials. Cementitious materials and aggregate shall be stored in such man­
ner as to prevent deterioration or intrusion of foreign matter. Any material tt.at has deteriorated or 
has been contaminated shall not be used for concrete. 

1903.8 Concrete Testing. 

1. ASTM C 192, Making and Curing Concrete Test Specimens in the Laboratory 

2. ASTM C 31, Making and Curing Concrete Test Specimens in the Field 

3. ASTM C 42, Obtaining and Testing Drilled Cores and Sawed Beams of Concrete 

4. ASTM C 39, Compressive Tests 

5. ASTM C 172, Sampling Fresh Concrete 

6. ASTM C 496, Splitting Tensile Strength 

7. U.B.C. Standard 19-7, Slump of Portland Cement Concrete 

1903.9 Concrete Mix. 

1. U.B.C. Standard 19-3, Ready-mixed Concrete 
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2. U.B.C. Standard 19-4, Concrete Made for Volumetric Batching and Continuous Mixing 

3. U.B.C. Standard 19-5, Mill-mixed Gypsum Concrete and Poured Gypsum Roof Diaphragms 

• 1903.10 Welding. The welding of reinforcing steel, metal inserts and connections in reinforced 
concrete construction shall conform to U.B.C. Standard 19-2. 

SECTION 1904- DURABILITY REQUIREMENTS 

1904.0 Notation. 
f 'c = specified compressive strength of concrete, psi (MPa). 

1
1904.1 Water-Cementitious Materials Ratio. 

1904.1.1 The water-cementitious materials ratios specified in Tables 19-A-2 and 19-A-3 shall be 
calculated using the weight of cement plus the weight of fly ash and pozzolans and slag, if any. 

1904.2 Freezing and Thawing Exposures. 

1904.2.1 Normal-weight and lightweight concrete exposed to freezing and thawing or deicing 
chemicals shall be air entrained with air content indicated in Table 19-A-1. Tolerance on air content 
as delivered shall be ± 1.5 percent. For specified compressive strength!' c greater than 5,000 psi 
(34.47 MPa), air content indicated in Table 19-A-1 may be reduced by 1 percent. 

1904.2.2 Concrete that will be subjected to the exposures given in Table 19-A-2 ~;hall conform to 
the corresponding maximum water-cementitious materials ratios and minimum specified concrete 
compressive strength requirements of that table. In addition, concrete that will be exposed to deic­
ing chemicals shall conform to the limitations of Section 1904.2.3. 

1904.2.3 For concrete exposed to deicing chemicals, the maximum weight of fly ash, other pozzo­
lans or slag that is included in the calculation of water-cementitious materials ratio shall not exceed 
the following percentages of the total weight of portland cement plus fly ash, other pozzolans and 
slag. 

1904.2.3.1 The combined weight of fly ash and other pozzolans shall not exceed 25 percent of 
the total weight of cementitious materials. The fly ash and other pozzolans present in a Type IP or 
IPM blended cement shall be included in the calculated percentage. 

1904.2.3.2 The weight of slag shall not exceed 50 percent of the total weight of cementitious 
materials. The slag used in the manufacture of Type IP or IPM blended hydraulic cement shall be 
included in the calculated percentage. 

1904.2.3.3 If fly ash or other pozzolans are used in concrete with slag, the portlmd cement con­
stituent shall not be less than 50 percent of the total weight of cementitious materials. Fly ash or 
other pozzolans shall constitute no more than 25 percent of the total weight of cementitious mate­
rials. 

1904.3 Sulfate Exposure. 

1904.3.1 Concrete to be exposed to sulfate-containing solutions or soils shall conform to there-

I quirements of Table 19-A-3 or shall be concrete made with a cement that provides !>ulfate resistance 
and that has a maximum water-cementitious materials ratio and minimum compressive strength set 
forth in Table 19-A-3. 

1904.3.2 Calcium chloride as an admixture shall not be used in concrete to be exposed to severe or 
very severe sulfate-containing solutions, as defined in Table 19-A-3. 

I 1904.4 Corrosion Protection of Reinforcement. 

1904.4.1 For corrosion protection, maximum water soluble chloride ion concentrations in hard­
ened concrete at ages from 28 to 42 days contributed from the ingredients, including water, aggre­
gates, cementious materials and admixtures shall not exceed the limits of Table 1. 9-A-4. 
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1904.4.2 When reinforced concrete will be exposed to deicing salts, brackish water, sea water or 
spray from these sources, requirements of Table 19-A-2 for water-cementitious materials ratio and I 
concrete strength and the minimum concrete cover requirements of Section 1907.7 shall be satis­
fied. 

SECTION 1905- CONCRETE QUALITY, MIXING AND PLACING 

1905.0 Notations. 

f'c = specified compressive strength of concrete, psi (MPa). 
f'cr required average compressive strength of concrete used as the basis for selection of con­

crete proportions, psi (MPa). 
fer average splitting tensile strength of lightweight aggregate concrete, psi (MPa). 

s standard deviation, psi (MPa). 

1905.1 General. 

1905.1.1 Concrete shall be proportioned to provide an average compressive i>trength as prescribed 
in Section 1905.3.2, as well as satisfy the durability criteria of Section 1904. Concrete shall be pro- I 
duced to minimize frequency of strengths below f'c as prescribed in Sectior: 1905.6.3. 

1905.1.2 Requirements forf~ shall be based on tests of cylinders made and lested as prescribed in 
Section 1905.6.2. 

1905.1.3 Unless otherwise specifiedJ'c shall be based on 28-day tests. If olher than 28 days, test 
age for f'c shall be as indicated in design drawings or specifications. 

Design drawings shall show specified compressive strength of concrete f'c for which each part of 
structure is designed. 

1905.1.4 Where design criteria in Sections 1909.5.2.3, 1911.2; and 1912.2.4.2, provide for use of a 
splitting tensile strength value of concrete, laboratory tests shall be made to establish value of fc1 

corresponding to specified values off'c· 

1905.1.5 Splitting tensile strength tests shall not be used as a basis for field acceptance of concrete. 

1905.2 Selection of Concrete Proportions. 

1905.2.1 Proportions of materials for concrete shall be established to provide: 

l. Workability and consistency to permit concrete to be worked readily into forms and around 
reinforcement under conditions of placement to be employed without segregation or excessive 
bleeding. 

2. Resistance to special exposures as required by Section 1904. 

3. Conformance with strength test requirements of Section 1905.6. 

1905.2.2 Where different materials are to be used for different portions of proposed work, each 
combination shall be evaluated. 

1905.2.3 Concrete proportions, including water-cementitious materials ratio, shall be established 
on the basis of field experience and/or trial mixtures with materials to be employed, except as per­
mitted in Section 1905.4 or required by Section 1904. 

1905.3 Proportioning on the Basis of Field Experience and Trial Mixtures. 

1905.3.1 Standard deviation. 

1905.3.1.1 Where a concrete production facility has test records, a standard deviation shall be es­
tablished. Test records from which a standard deviation is calculated: 
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1. Must represent materials, quality control procedures and conditions similar to those expected, 
and changes in materials and proportions within the test records shall not have been more restricted 
than those for proposed work. 

2. Must represent concrete produced to meet a specified strength or strengths f'c within 1,000 psi 
(6.89 MPa) of that specified for proposed work. 

3. Must consist of at least 30 consecutive tests or two groups of consecutive tests totaling at least 
30 tests as defined in Section 1905.6.1.4, except as provided in Section 1905.3.1.2. 

1905.3.1.2 Where a concrete production facility does not have test records meeting requirements 
of Section 1905.3.1.1, but does have a record based on 15 to 29 consecutive tests, a standard devi­
ation may be established as the product of the calculated standard deviation and the modification 
factor of Table 19-A-5. To be acceptable, the test record must meet the requirements of Section 
1905.3.1.1, Items 1 and 2, and represent only a single record of consecutive tests tt at span a period 
of not less than 45 calendar days. 

1905.3.2 Required average strength. 

1905.3.2.1 Required average compressive strengthf~r used as the basis for selection of concrete 
proportions shall be the larger of Formula (5-1) or (5-2) using a standard deviation calculated in 
accordance with Section 1905.3.1.1 or 1905.3.1.2. 

f'cr = f'c + l.34s (5-1) 
or 

f~·r = !~ + 2.33s 500 (5-2) 

For SI: J'cr = f'c + 2.33s 3.45 

1905.3.2.2 When a concrete production facility does not have field strength test records for calcu­
lation of standard deviation meeting requirements of Section 1905.3.1.1 or 1905.3.1.2, required av­
erage strengthf'cr shall be determined from Table 19-A-6 and documentation of werage strength 
shall be in accordance with requirements of Section 1905.3.3. 

1905.3.3 Documentation of average strength. Documentation that proposed concrete propor­
tions will produce an average compressive strength equal to or greater than required average com­
pressive strength may consist of a field strength test record, several strength test records, or trial 
mixtures. 

1905.3.3.1 When test records are used to demonstrate that proposed concrete proportions will 
produce the required average strength/~, such records shall represent materials and conditions 
similar to those expected. Changes in materials, conditions and proportions within the test re­
cords shall not have been more restricted than those for proposed work. For the purpose of docu­
menting average strength potential, test records consisting of less than 30 but not less than 10 
consecutive tests may be used, provided test records encompass a period of time not less than 45 
days. Required concrete proportions may be established by interpolation between the strengths 
and proportions of two or more test records each of which meets other requirements of this sec­
tion. 

1905.3.3.2 When an acceptable record of field test results is not available, concrete proportions 
may be established based on trial mixtures meeting the following restrictions: 

1. Combination of materials shall be those for proposed work. 

2. Trial mixtures having proportions and consistencies required for proposed work shall be 
made using at least three different water-cementitious materials ratios or cementitious mate­
rials contents that will produce a range of strengths encompassing the required average 
strengthf~r· 
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3. Trial mixture shall be designed to produce a slump within ± 0.75 inch ( ± 19 mm) of maxi­
mum permitted, and for air-entrained concrete, within ± 0.5 percent of maximum allowable 
air content. 

4. For each water-cementitious materials ratio or cementitious materials content, at least three 
test cylinders for each test age shall be made and cured. Cylinders shall be tested at 28 days or 
at test age designated for determination of !'c. 

5. From results of cylinder tests, a curve shall be plotted showing relationship between water­
cementitious materials ratio or cementitious materials content and compressive strength at 
designated test age. 

6. Maximum water-cementitious materials ratio or minimum cementitious materials content 
for concrete to be used in proposed work shall be that shown by the curv~ to produce the aver­
age strength required by Section 1905.3.2, unless a lower water-cememitious materials ratio 
or higher strength is required by Section 1904. 

1905.4 Proportioning by Water-Cementitious Materials Ratio. 

1905.4.1 If data required by Section 1905.3 are not available, concrete proportions shall be based 
on water-cementitious materials ratio limits in Table 19-A-7, if approved by the building official. 

1905.4.2 Table 19-A-7 shall be used only for concrete to be made with cements meeting strength 
requirements for Type I, I-A, II, 11-A, III, III-A or V; or Type IS, IS-A, IS(MS), IS-A(MS), I(SM), 
I(SM)-A, IP, IP-A, I(PM), I(PM)-A, IP(MS), IP-A(MS), or P ofU.B.C. Standard 19-1, and shall not 
be applied to concrete containing lightweight aggregates or admixtures other than those for entrain­
ing air. 

1905.4.3 Concrete proportioned by water-cementitious materials ratio limits prescribed in Table I 
19-A-7 shall also conform to special exposure requirements of Section 1904 and to compressive 
strength test criteria of Section 1905.6. 

1905.5 Average Strength Reduction. As data become available during construction, amount by 
which value off'cr must exceed specified value off'c may be reduced, provided: 

I. Thirty or more test results are available and average of test results exceeds that required by 
Section 1905.3.2.1, using a standard deviation calculated in accordance with :;ection 1905.3.1.1, or 

2. Fifteen to 29 test results are available and average of test results exceeds that required by Sec­
tion 1905.3.2.1, using a standard deviation calculated in accordance with Section 1905.3.1.1, and 

3. Special exposure requirements of Section 1904 are met. 

1905.6 Evaluation and Acceptance of Concrete. 

1905.6.1 Frequency of testing. 

1905.6.1.1 Samples for strength tests of each class of concrete placed each day shall be taken not 
less than once a day, or not less than once for each 150 cubic yards (115m3) cf concrete, or not less 
than once for each 5,000 square feet (465m2) of surface area for slabs or walls. 

1905.6.1.2 On a given project, if the total volume of concrete is such that the frequency of testing 
required by Section 1905.6.1.1 above would provide less than five strength te:;ts for a given class of 
concrete, tests shall be made from at least five randomly selected batches or from each batch if few­
er than five batches are used. 

1905.6.1.3 When total quantity of a given class of concrete is less than 50 cubic yards (38 m3), 
strength tests are not required when evidence of satisfactory strength is submitted to and approved I 
by the building official. 

1905.6.1.4 A strength test shall be the average of the strengths of two cylinders made from the 
same sample of concrete and tested at 28 days or at test age designated for determination of f'c. 
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1905.6.2 Laboratory-cured specimens. 

1905.6.2.1 Samples for strength tests shall be taken. 

I 1905.6.2.2 Cylinders for strength tests shall be molded and laboratory cured and tested. 

1905.6.2.3 Strength level of an individual class of concrete shall be considered satisfactory if both 
the following requirements are met: 

I. Average of all sets of three consecutive strength tests equal or exceed!~. 

2. No individual strength test (average of two cylinders) falls below f~ by more than 500 psi 
(3.45 MPa). 

1905.6.2.4 If either of the requirements of Section 1905.6.2.3 are not met, steps shall be taken to 
increase the average of subsequent strength test results. Requirements of Section 1905.6.4 shall be 
observed if the requirement of Item 2 of Section 1905.6.2.3 is not met. 

1905.6.3 Field-cured specimens. 

1905.6.3.1 The building official may require strength tests of cylinders cured m.der field condi­
tions to check adequacy of curing and protection of concrete in the structure. 

11905.6.3.2 Field-cured cylinders shall be cured under field conditions, in accordance with Section 
1903.8. 

1905.6.3.3 Field-cured test cylinders shall be molded at the same time and from the same samples 
as laboratory-cured test cylinders. 

1905.6.3.4 Procedures for protecting and curing concrete shall be improved when strength of 
field-cured cylinders at test age designated for determination off'c is less than 85 percent of that of 
companion laboratory-cured cylinders. The 85 percent limitation shall not apply if field-cured 
strength exceedsf'c by more than 500 psi (3.45 MPa). 

1905.6.4 Investigation of low-strength test results. 

1905.6.4.1 If any strength test of laboratory-cured cylinders falls below specified value off'c by 
more than 500 psi (3.45 MPa) or if tests of field-cured cylinders indicate deficiencies in protection 
and curing, steps shall be taken to assure that load-carrying capacity of the structme is not jeopar­
dized. 

1905.6.4.2 If the likelihood of low-strength concrete is confirmed and computations indicate that 
load-carrying capacity may have been significantly reduced, tests of cores drilled from the area in 
question may be required. In such case, three cores shall be taken for each strength test more than 
500 psi (3.45 MPa) below specified value off'c· 

1905.6.4.3 If concrete in the structure will be dry under service conditions, cores >hall be air dried 
[temperatures 60°F. to 80°F. (15.6°C. to 26.7°C.), relative humidity less than 60 P'~rcent] for seven 
days before test and shall be tested dry. If concrete in the structure will be more than superficially 
wet under service conditions, cores shall be immersed in water for at least 40 hours and be tested 
wet. 

1905.6.4.4 Concrete in an area represented by core tests shall be considered structurally adequate 
if the average of three cores is equal to at least 85 percent off'c and if no single core is less than 75 
percent off~. Additional testing of cores extracted from locations represented by erratic core 
strength results shall be permitted. 

1905.6.4.5 If criteria of Section 1905 .6.4, Item 4, are not met, and if structural adequacy remains in 
doubt, the responsible authority may order load tests as outlined in Section 1920 for the question­
able portion of the structure, or take other appropriate action. 
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1905.7 Preparation of Equipment and Place of Deposit. 

1905.7.1 Preparation before concrete placement shall include the following: 

I. All equipment for mixing and transporting concrete shall be clean. 

2. All debris and ice shall be removed from spaces to be occupied by concrete. 

3. Forms shall be properly coated. 

4. Masonry filler units that will be in contact with concrete shall be well drenched. 

5. Reinforcement shall be thoroughly clean of ice or other deleterious coatings. 

6. Water shall be removed from place of deposit before concrete is placed unless a tremie is to be 
used or unless otherwise permitted by the building official. 

7. Alllaitance and other unsound material shall be removed before additio;1al concrete is placed 
against hardened concrete. 

1905.8 Mixing. 

1905.8.1 All concrete shall be mixed until there is a uniform distribution of materials and shall be 
discharged completely before mixer is recharged. 

1905.8.2 Ready-mixed concrete shall be mixed and delivered in accordance with requirements of 
U.B.C. Standard 19-3. 

Concrete made by the on-site volumetric hatching and continuous mixing procedure shall be 
mixed and delivered in accordance with requirements of U.B.C. Standard 19-4. 

1905.8.3 Job-mixed concrete shall be mixed in accordance with the follow:ng: 

I. Mixing shall be done in a batch mixer of an approved type. 

2. Mixer shall be rotated at a speed recommended by the manufacturer. 

3. Mixing shall be continued for at least 11/ 2 minutes after all materials are in the drum, unless a 
shorter time is shown to be satisfactory by the mixing uniformity tests of U.B.C. Standard 19-3. 

4. Materials handling, hatching and mixing shall conform to applicable provisions of U.B.C. 
Standard 19-3. 

5. A detailed record shall be kept to identify: 

5.1 Number of batches produced; 

5.2 Proportions of materials used; 

5.3 Approximate location of final deposit in structure; 

5.4 Time and date of mixing and placing. 

1905.9 Conveying. 

1905.9.1 Concrete shall be conveyed from mixer to place of final deposit by methods that will pre­
vent separation or loss of materials. 

1905.9.2 Conveying equipment shall be capable of providing a supply of concrete at site of place­
ment without separation of ingredients and without interruptions sufficient to permit loss of plastic­
ity between successive increments. 

1905.10 Depositing. 

1905.10.1 Concrete shall be deposited as nearly as practicable in its final pos1tion to avoid segrega­
tion due to rehandling or flowing. 

1905.10.2 Concreting shall be carried on at such a rate that concrete is at all times plastic and flows 
readily into spaces between reinforcement. 
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1905.10.3 Concrete that has partially hardened or been contaminated by foreign materials shall not 
be deposited in the structure. 

1905.10.4 Retempered concrete or concrete that has been remixed after initial set !:hall not be used 
unless approved by the building official. 

1905.10.5 After concreting is started, it shall be carried on as a continuous operation until placing 
of a panel or section, as defined by its boundaries or predetermined joints, is completed, except as 
permitted or prohibited by Section 1906.4. 

1905.10.6 Top surfaces of vertically formed lifts shall be generally level. 

1905.10.7 When construction joints are required, joints shall be made in accordance with Section 
1906.4. 

1905.10.8 All concrete shall be thoroughly consolidated by suitable means during placement and 
shall be thoroughly worked around reinforcement and embedded fixtures and into comers of forms. 

1905.11 Curing. 

1905.11.1 Concrete (other than high-early-strength) shall be maintained above 50°F. (10.0°C.) 
and in a moist condition for at least the first seven days after placement, except when cured in accor­
dance with Section 1905.11.3. 

1905.11.2 High-early-strength concrete shall be maintained above 50°F. (I0.0°C.) and in a moist 
condition for at least the first three days, except when cured in accordance with Section 1905.11.3. 

1905.11.3 Accelerated curing. 

1905.11.3.1 Curing by high-pressure steam, steam at atmospheric pressure, heat and moisture or 
other accepted processes, may be employed to accelerate strength gain and reduce time of curing. 

1905.11.3.2 Accelerated curing shall provide a compressive strength of the concrete at the load 
stage considered at least equal to required design strength at that load stage. 

1905.11.3.3 Curing process shall be such as to produce concrete with a durabilit) at least equiva­
lent to the curing method of Section 1905.11.1 or 1905.11.2. 

11905.11.3.4 When required by the building official, supplementary strength tests in accordance 
with Section 1905.6.3 shall be performed to assure that curing is satisfactory. 

1905.12 Cold Weather Requirements. 

1905.12.1 Adequate equipment shall be provided for heating concrete material:; and protecting 
concrete during freezing or near-freezing weather. All concrete materials and all reinforcement, 
forms, fillers and ground with which concrete is to come in contact shall be free from frost. 

1905.12.2 Frozen materials or materials containing ice shall not be used. 

1905.13 Hot Weather Requirements. During hot weather, proper attention shall be given to in­
gredients, production methods, handling, placing, protection and curing to prevent excessive con­
crete temperatures or water evaporation that may impair required strength or serviceability of the 
member or structure. 

SECTION 1906- FORMWORK, EMBEDDED PIPES AND CONSTRUCTION 
JOINTS 

1906.1 Design of Formwork. 

1906.1.1 Forms shall result in a final structure that conforms to shapes, lines and dimensions of the 
members as required by the design drawings and specifications. 
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1906.1.2 Fonns shall be substantial and sufficiently tight to prevent leakage of mortar. 

1906.1.3 Fonns shall be properly braced or tied together to maintain position and shape. I 
1906.1.4 Fonns and their supports shall be designed so as not to damage previously placed struc­
ture. 

1906.1.5 Design of fonnwork shall include consideration of the following factors: 

1. Rate and method of placing concrete. 
2. Construction loads, including vertical, horizontal and impact loads. 

3. Special fonn requirements for construction of shells, folded plates, domes, architectural con­
crete or similar types of elements. 

1906.1.6 Fonns for prestressed concrete members shall be designed and constructed to pennit 
movement of the member without damage during application of prestressing force. 

1906.2 Removal of Forms and Shores. 

1906.2.1 Construction loads shall not be supported on, or any shoring removed from, any part of 
the structure under construction except when that portion of the structure in :ombination with re­
maining fonning and shoring system has sufficient strength to support safely its weight and loads 
placed thereon. 

1906.2.1.1 Sufficient strength shall be demonstrated by structural analysis considering pro­
posed loads, strength of fonning and shoring system and concrete strength data. Concrete 
strength data may be based on tests of field-cured cylinders or, when approved by the building 
official, on other procedures to evaluate concrete strength. Structural analysis and concrete 
strength test data shall be furnished to the building official when so requi:.·ed. 

1906.2.2 Construction loads exceeding the combination of superimposed dead load plus specified 
live load shall not be supported on any unshored portion of the structure under construction, unless 
analysis indicates adequate strength to support such additional loads. 

1906.2.3 Fonns shall be removed in such manner as not to impair safety and serviceability of the 
structure. All concrete to be exposed by fonn removal shall have sufficient strength not to be dam­
aged thereby. 

1906.2.4 Fonn supports for prestressed concrete members may be removed when sufficient pre­
stressing has been applied to enable prestressed members to carry their dead load and anticipated 
construction loads. 

1906.3 Conduits and Pipes Embedded in Concrete. 

1906.3.1 Conduits, pipes and sleeves of any material not harmful to concrete and within limita­
tions of this subsection may be embedded in concrete with approval of the lmilding official, pro­
vided they are not considered to replace structurally the displaced concrete. 

1906.3.2 Conduits and pipes of aluminum shall not be embedded in structural concrete unless ef­
fectively coated or covered to prevent aluminum-concrete reaction or electrolytic action between 
aluminum and steel. 

1906.3.3 Conduits, pipes and sleeves passing through a slab, wall or beam st,all not impair signifi­
cantly the strength of the construction. 

1906.3.4 Conduits and pipes, with their fittings, embedded within a column shall not displace 
more than 4 percent of the area of cross section on which strength is calculated or which is required 
for fire protection. 

1906.3.5 Except when plans for conduits and pipes are approved by the building official, conduits 
and pipes embedded within a slab, wall or beam (other than those merely passing through) shall 
satisfy the following: 
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1906.3.5.1 They shall not be larger in outside dimension than one third the overall thickness of 
slab, wall or beam in which they are embedded. 

1906.3.5.2 They shall be spaced not closer than three diameters or widths on center. 

1906.3.5.3 They shall not impair significantly the strength of the construction. 

1906.3.6 Conduits, pipes and sleeves may be considered as replacing structurally in compression 
the displaced concrete, provided: 

1906.3.6.1 They are not exposed to rusting or other deterioration. 

1906.3.6.2 They are of uncoated or galvanized iron or steel not thinner than standard Schedule 
40 steel pipe. 

1906.3.6.3 They have a nominal inside diameter not over 2 inches (51 mm) and are spaced not 
less than three diameters on centers. 

1906.3.7 Pipes and fittings shall be designed to resist effects of the material, pressure and tempera­
ture to which they will be subjected. 

1906.3.8 No liquid, gas or vapor, except water not exceeding 90°F. (32.2°C.) or 50 psi (0.34 MPa) 
pressure, shall be placed in the pipes until the concrete has attained its design strength. 

1906.3.9 In all solid slabs, piping, unless it is used for radiant heating or snow melting, shall be 
placed between top and bottom reinforcement. 

1906.3.10 Concrete cover for pipes, conduit and fittings shall not be Jess than I1/2 inches (38 mm) 
for concrete exposed to earth or weather, or Jess than 3/4 inch (19 mm) for concrete not exposed to 
weather or in contact with ground. 

1906.3.11 Reinforcement with an area not less than 0.002 times the area of concrete section shall 
be provided normal to the piping. 

1906.3.12 Piping and conduit shall be so fabricated and installed that cutting, bending or displace­
ment of reinforcement from its proper location will not be required. 

1906.4 Construction Joints. 

1906.4.1 Surface of concrete construction joints shall be cleaned and Jaitance removed. 

1906.4.2 Immediately before new concrete is placed, all construction joints shal be wetted and 
standing water removed. 

1906.4.3 Construction joints shall be so made and located as not to impair the strength of the struc­
ture. Provision shall be made for transfer of shear and other forces through construction joints. See 
Section 1911.7.9. 

1906.4.4 Construction joints in floors shall be located within the middle third o:f spans of slabs, 
beams and girders. Joints in girders shall be offset a minimum distance of two times the width of 
intersecting beams. 

1906.4.5 Beams, girders or slabs supported by columns or walls shall not be cas1 or erected until 
concrete in the vertical support members is no longer plastic. 

1906.4.6 Beams, girders, haunches, drop panels and capitals shall be placed monolithically as part 
of a slab system, unless otherwise shown in design drawings or specifications. 

SECTION 1907 - DETAILS OF REINFORCEMENT 

1907.0 Notations. 
d = distance from extreme compression fiber to centroid of tension reinforcement, inches 

(mm). 
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db = nominal diameter of bar, wire or prestressing strand, inches (mm) . 
.{y specified yield strength of nonprestressed reinforcement, psi (MPa). 
ld development length, inches (mm). See Section 1912. 

1907.1 Standard Hooks. "Standard hook" as used in this code is one of the following: 

1907.1.1 One-hundred-eighty-degree bend plus 4db extension, but not les~; than 21/2 inches (64 
mm) at free end of bar. 

1907.1.2 Ninety-degree bend plus 12db extension at free end of bar. 

1907.1.3 For stirrup and tie hooks: 

1. No. 5 bar and smaller, 90-degree bend plus 6db extension at free end of bar, or 

2. No. 6, No. 7 and No. 8 bar, 90-degree bend, plus 12db extension at free end of bar, or 

3. No.8 bar and smaller, 135-degree bend plus 6db extension at free end of bar. 

4. For stirrup and tie hooks in Seismic Zones 3 and 4, refer to the hoop and crosstie provisions of 
Section 1921.1 and the transverse reinforcement. 

1907.2 Minimum Bend Diameters. 

1907.2.1 Diameter of bend measured on the inside of the bar, other than for stirrups and ties in sizes 
No. 3 through No. 5, shall not be less than the values in Table 19-B. 

1907.2.2 Inside diameter of bends for stirrups and ties shall not be less than 4db for No. 5 bar and 
smaller. For bars larger than No. 5, diameter of bend shall be in accordance with Table 19-B. 

1907.2.3 Inside diameter of bends in welded wire fabric (plain or deformed) for stirrups and ties I 
shall not be less than 4db for deformed wire larger than D6 and 2db for all other wires. Bends with 
inside diameter of less than 8db shall not be less than 4db from nearest welded intersection. 

1907.3 Bending. 

1907.3.1 All reinforcement shall be bent cold, unless otherwise permitted by the building official. 

1907.3.2 Reinforcement partially embedded in concrete shall not be field bent, except as shown on 
the design drawings or permitted by the building official. 

1907.4 Surface Conditions of Reinforcement. 

1907.4.1 At the time concrete is placed, metal reinforcement shall be free from mud, oil or other 
nonmetallic coatings that decrease bond. 

1907.4.2 Metal reinforcement, except prestressing tendons, with rust, mill scale or a combination 
of both, shall be considered satisfactory, provided the minimum dimensions (including height of 
deformations) and weight of a hand-wire-brushed test specimen are not less than applicable specifi­
cation requirements. 

1907.4.3 Prestressing tendons shall be clean and free of oil, dirt, scale, pitting and excessive rust. A 
light oxide is permissible. 

1907.5 Placing Reinforcement. 

1907.5.1 Reinforcement, prestressing tendons and ducts shall be accurately placed and adequately 
supported before concrete is placed, and shall be secured against displacement within tolerances of 
this section. 

1907.5.2 Unless otherwise approved by the building official, reinforcement, prestressing tendons 
and prestressing ducts shall be placed within the following tolerances: 
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1907.5.2.1 Tolerance for depth d, and minimum concrete cover in flexural members, walls and 
compression members shall be as follows: 

TOLERANCE ON TOLERANCE ON MINIMUM 
d CONCRETE: COVER 

d :5 8 in. (203 mm) ± 3t8 in. (9.5 mm) - 3t8 in. (9.5 mm) 

d > 8 in. (203 mm) ± 1/z in. (13 mm) - 1/z in. (13 mm) 

except that tolerance for the clear distance to formed soffits shall be minus 1/4 inch (6.4 mm) and 
tolerance for cover shall not exceed minus one third the minimum concrete cover required by the 
approved plans or specifications. 

1907.5.2.2 Tolerance for longitudinal location of bends and ends of reinforcement shall be ± 2 
inches ( ± 51 mm) except at discontinuous ends of members where tolerance shall be ± 1/2 inch 
(± 13 mm). 

1907.5.3 Welded wire fabric (with wire size not greater than W5 or D5) used in slabs not exceeding 
10 feet (3048 mm) in span may be curved from a point near the top of slab over the support to a point 
near the bottom of slab at midspan, provided such reinforcement is either continuous over, or se· 
curely anchored at, support. 

1907.5.4 Welding of crossing bars shall not be permitted for assembly of reinforcement. 

EXCEPTIONS: /.Reinforcing steel not required by design. 

2. When specifically approved by the building official, welding of crossing bars for as.rembly purposes in 
Seismic Zones 0, 1 and 2 may be permitted, provided that data are submitted to the building official to show 
that there is 110 detrimental effect on the action of the structural member as a result of welding of the crossing 
bars. 

1907.6 Spacing Limits for Reinforcement. 

1907.6.1 The minimum clear spacing between parallel bars in a layer shall be db but not less than 
1 inch (25 mm). See also Section 1903.3.2. 

1907.6.2 Where parallel reinforcement is placed in two or more layers, bars in the upper layers 
shall be placed directly above bars in the bottom layer with clear distance between layers not less 
than 1 inch (25 mm). 

1907.6.3 In spirally reinforced or tied reinforced compression members, clear distance between 
longitudinal bars shall not be less than I.5db or less than 11/z inches (38 mm). See also Section 
1903.3.2. 

1907.6.4 Clear distance limitation between bars shall apply also to the clear distance between a 
contact lap splice and adjacent splices or bars. 

1907.6.5 In walls and slabs other than concrete joist construction, primary tlexur.1l reinforcement 
shall not be spaced farther apart than three times the wall or slab thickness, or 18 inches (457 mm). 

1907.6.6 Bundled bars. 

1907.6.6.1 Groups of parallel reinforcing bars bundled in contact to act as a unit shall be limited to 
four bars in one bundle. 

1907.6.6.2 Bundled bars shall be enclosed within stirrups or ties. 

1907.6.6.3 Bars larger than No. 11 shall not be bundled in beams. 

1907.6.6.4 Individual bars within a bundle terminated within the span of flexural members shall 
terminate at different points with at least 40db stagger. 
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1907.6.6.5 Where spacing limitations and minimum concrete cover are based on bar diameter db, a 
unit of bundled bars shall be treated as a single bar of a diameter derived from the equivalent total 
area. 

1907.6.7 Prestressing tendons and ducts. 

1907.6.7.1 Clear distance between pretensioning tendons at each end of a member shall not be less 
than 4db for wire, or 3db for strands. See also Section 1903.3.2. Closer vertical spacing and bundling 
of strands may be permitted in the middle portion of a span. 

1907.6.7.2 Posttensioning ducts may be bundled if it is shown that concrete can be satisfactorily 
placed and if provision is made to prevent the tendons, when tensioned, from breaking through the 
duct. 

1907.7 Concrete Protection for Reinforcement. 

1907.7.1 Cast-in-place concrete (nonprestressed). The following minimum concrete cover 
shall be provided for reinforcement: 

1. Concrete cast against and permanently exposed to earth ......... . 
2. Concrete exposed to earth or weather: 

No.6 through No. 18 bar ............................... . 
No. 5 bar, W31 or D31 wire, and smaller .................. . 

3. Concrete not exposed to weather or in contact with ground: 
Slabs, walls, joists: 

No. 14 and No. 18 bar ............................... . 
No. II bar and smaller ............................... . 

Beams, columns: 
Primary reinforcement, ties, stirrups, spirals .............. . 

Shells, folded plate members: 
No. 6 bar and larger ................................. . 
No. 5 bar, W31 or D31 wire, and smaller ................ . 

MINIMUM COVER, 
lnches(mm) 

3 (76) 

2 (51) 
11/2 (38) 

11/z (38) 
3/4 (19) 

11/2 (38) 

314 (19) 
1/2 (13) 

1907.7.2 Precast concrete (manufactured under plant control conditions). The following 
minimum concrete cover shall be provided for reinforcement: 

1. Concrete exposed to earth or weather: 
Wall panels: 

No. 14 and No. 18 bar ............................... . 
No. 11 bar and smaller ............................... . 

Other members: 
No. 14 and No. 18 bar ............................... . 
No. 6 through No. 11 bar ............................. . 
No. 5 bar W31 or D31 wire, and smaller ................. . 

2. Concrete not exposed to weather or in contact with ground: 
Slabs, walls, joists: 

No. 14 and No. 18 bar ............................... . 
No. 11 bar and smaller ............................... . 

Beams, columns: 
Primary reinforcement ............................... . 

Ties, stirrups, spirals ................................ . 
Shells, folded plate members: 

No. 6 bar and larger ................................. . 
No. 5 bar, W31 or D31 wire, and smaller ................ . 

MINIMUM COVER, 
lnches(mm) 

11/2 (38) 
3/4 (19) 

2 (51) 
11/z (38) 
11/4 (32) 

d, but not less than 
5/s (16) and need 

not exceed 11/2 (38) 
3/s (9.5) 

5/s (16) 
3fs (9.5) 
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1907.7.3 Prestressed concrete. 

1907.7.3.1 The following minimum concrete cover shall be provided for prestressed and nonpres­
tressed reinforcement, ducts and end fittings, except as provided in Sections 1907.7.3.2 and 
1907.7.3.3. 

1. Concrete cast against and permanently exposed to earth ......... . 
2. Concrete exposed to earth or weather: 

Wall panels, slabs, joists ................................ . 
Other members ....................................... . 

3. Concrete not exposed to weather or in contact with ground: 
Slabs, walls, joists .................................... . 
Beams, columns: 

Primary reinforcement ............................... . 
Ties, stirrups, spirals ................................ . 

Shells, folded plate members: 
No. 5 bars, W31 or D31 wire, and smaller ............... . 

Other reinforcement ................................... . 

MINIMUM COVER, 
lnches(mm) 

3 (76) 

1 (25) 
11/2 (32) 

314 (19) 

11/2 (38) 
1 (25) 

3/g (9.5) 
4, but not less 

than 3/4 (19) 

1907.7.3.2 For prestressed concrete members exposed to earth, weather or coiTosive environ­
ments, and in which permissible tensile stress of Section 1918.4.2, Item 2, is exceeded, minimum 
cover shall be increased 50 percent. 

1907.7.3.3 For prestressed concrete members manufactured under plant control conditions, mini­
mum concrete cover for nonprestressed reinforcement shall be as required in Section 1907.7 .2. 

1907.7.4 Bundled bars. For bundled bars, minimum concrete cover shall be equal to the equiva­
lent diameter of the bundle, but need not be greater than 2 inches (51 mm); except for concrete cast 
against and permanently exposed to earth, minimum cover shall be 3 inches (76 mm). 

1907.7.5 Corrosive environments. In corrosive environments or other severe ~~xposure condi­
tions, amount of concrete protection shall be suitably increased, and denseness and nonporosity of 
protecting concrete shall be considered, or other protection shall be provided. 

1907.7.6 Future extensions. Exposed reinforcement, inserts and plates intended for bonding 
with future extensions shall be protected from corrosion. 

1907.7.7 Fire protection. When a thickness of cover for fire protection greater than the minimum 
concrete cover specified in Section 1907.7 is required, such greater thickness shall be used. 

1907.8 Special Reinforcement Details for Columns. 

1907.8.1 Offset bars. Offset bent longitudinal bars shall conform to the followmg: 

1907.8.1.1 Slope of inclined portion of an offset bar with axis of column shall not exceed l in 6. 

1907.8.1.2 Portions of bar above and below an offset shall be parallel to axis of column. 

1907.8.1.3 Horizontal support at offset bends shall be provided by lateral ties, spirals or parts of 
the floor construction. Horizontal support provided shall be designed to resist one and one-half 
times the horizontal component of the computed force in the inclined portion of an offset bar. 
Lateral ties or spirals, if used, shall be placed not more than 6 inches ( 152 mm) from points of 
bend. 

1907.8.1.4 Offset bars shall be bent before placement in the forms. See Section 1907.3. 

1907.8.1.5 Where a column face is offset 3 inches (76 mm) or greater, longitudinal bars shall not 
be offset bent. Separate dowels, lap spliced with the longitudinal bars adjacent to the offset col­
umn faces, shall be provided. Lap splices shall conform to Section 1912.17. 
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1907.8.2 Steel cores. Load transfer in structural steel cores of composite compression members 
shall be provided by the following: 

1907.8.2.1 Ends of structural steel cores shall be accurately finished to bear at end-bearing 
splices, with positive provision for alignment of one core above the other in concentric contact. 

1907.8.2.2 At end-bearing splices, bearing shall be considered effective to transfer not more 
than 50 percent of the total compressive stress in the steel core. 

1907.8.2.3 Transfer of stress between column base and footing shall be designed in accordance 
with Section 1915.8. 

1907.8.2.4 Base of structural steel section shall be designed to transfer the total load from the 
entire composite member to the footing; or, the base may be designed to transfer the load from the 
steel core only, provided ample concrete section is available for transfer of the portion of the total 
load carried by the reinforced concrete section to the footing by compression in the concrete and 
by reinforcement. 

1907.9 Connections. 

1907.9.1 At connections of principal framing elements (such as beams and columns), enclosure 
shall be provided for splices of continuing reinforcement and for end anchorage of reinforcement 
terminating in such connections. 

1907.9.2 Enclosure at connections may consist of external concrete or intemal closed ties, spirals 
or stirrups. 

1907.10 Lateral Reinforcement for Compression Members. 

1907.10.1 Lateral reinforcement for compression members shall conform to the provisions of Sec­
tions 1907.10.4 and 1907.10.5 and, where shear or torsion reinforcement is required, shall also con­
form to provisions of Section 1911. 

1907.10.2 Lateral reinforcement requirements for composite compression members shall con­
form to Section 1910.14. Lateral reinforcement requirements for prestressing tendons shall con­
form to Section 1918.11. 

1907.10.3 Lateral reinforcement requirements of Sections 1907.10, 1910.14 and 1918.11 may be 
waived where tests and structural analyses show adequate strength and feasibility of construction. 

1907.10.4 Spirals. Spiral reinforcement for compression members shall conform to Section 
1910.9.3 and to the following: 

1907.10.4.1 Spirals shall consist of evenly spaced continuous bar or wire of such size and so as­
sembled as to permit handling and placing without distortion from designed dimensions. 

1907.10.4.2 For cast-in-place construction, size of spirals shall not be less than 3t8-inch (9.5 
mm) diameter. 

1907.10.4.3 Clear spacing between spirals shall not exceed 3 inches (76 mm) or be less than 
1 inch (25 mm). See also Section 1903.3.2. 

1907.10.4.4 Anchorage of spiral reinforcement shall be provided by one and one-half extra turns 
of spiral bar or wire at each end of a spiral unit. 

1907.10.4.5 Splices in spiral reinforcement shall be lap splices of 48db, but not less than 12 in­
ches (305 mm) or welded. 

1907.10.4.6 Spirals shall extend from top of footing or slab in any story to level of lowest hori­
zontal reinforcement in members supported above. 
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1907.10.4.7 Where beams or brackets do not frame into all sides of a column, ties shall extend 
above termination of spiral to bottom of slab or drop panel. 

1907.10.4.8 In columns with capitals, spirals shall extend to a level at which the diameter or 
width of capital is two times that of the column. 

1907.10.4.9 Spirals shall be held firmly in place and true to line. 

1907.10.5 Ties. Tie reinforcement for compression members shall conform to the following: 

1907.10.5.1 All nonprestressed bars shall be enclosed by lateral ties, at least No. 3 in size for 
longitudinal bars No. 10 or smaller, and at least No. 4 in size for Nos. 11, 14 and 18 and bundled 
longitudinal bars. Deformed wire or welded wire fabric of equivalent area may be used. 

1907.10.5.2 Vertical spacing of ties shall not exceed 16longitudinal bar diamet~rs, 48 tie bar or 
wire diameters, or least dimension of the compression member. 

1907.10.5.3 Ties shall be arranged such that every comer and alternate longitudinal bar shall 
have lateral support provided by the comer of a tie with an included angle of not more than 135 
degrees and a bar shall be not farther than 6 inches (152 mm) clear on each side along the tie from 
such a laterally supported bar. Where longitudinal bars are located around the perimeter of a 
circle, a complete circular tie may be used. 

1907.10.5.4 Ties shall be located vertically not more than one half a tie spacing above the top of 
footing or slab in any story and shall be placed as provided herein to not more than one half a tie 
spacing below the lowest horizontal reinforcement in members supported above. 

1907.10.5.5 Where beams or brackets frame from four directions into a column, ties may be ter­
minated not more than 3 inches (76 mm) below lowest reinforcement in shallowest of such beams 
or brackets. 

I 1907.10.5.6 Column lateral ties shall be as specified in Section 1907.1.3, Item 3. 

1907.11 Lateral Reinforcement for Flexural Members. 

1907.11.1 Compression reinforcement in beams shall be enclosed by ties or stim.ps satisfying the 
size and spacing limitations in Section 1907.10.5 or by welded wire fabric of equivalent area. Such 
ties or stirrups shall be provided throughout the distance where compression reinforcement is re­
quired. 

1907.11.2 Lateral reinforcement for flexural framing members subject to stress reversals or to tor­
sion at supports shall consist of closed ties, closed stirrups, or spirals extending around the flexural 
reinforcement. 

1907.11.3 Closed ties or stirrups may be formed in one piece by overlapping standard stirrup or tie 
end hooks around a longitudinal bar, or formed in one or two pieces lap spliced with a Class B splice 
(lap of 1.3 ld), or anchored in accordance with Section 1912.13. 

1907.12 Shrinkage and Temperature Reinforcement. 

1907.12.1 Reinforcement for shrinkage and temperature stresses normal to flexural reinforcement 
shall be provided in structural slabs where the flexural reinforcement extends in one direction only. 

1907.12.1.1 Shrinkage and temperature reinforcement shall be provided in accordance with ei­
ther Section 1907.12.2 or 1907.12.3 below. 

1907.12.2 Deformed reinforcement conforming to Section 1903.5.3 used for sh1inkage and tem­
perature reinforcement shall be provided in accordance with the following: 

1907.12.2.1 Area of shrinkage and temperature reinforcement shall provide at least the follow­
ing ratios of reinforcement area to gross concrete area, but not less than 0.0014: 
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1. Slabs where Grade 40 or 50 defonned bars are used 

2. Slabs where Grade 60 deformed bars or welded wire 
fabric (smooth or defonned) are used 

3. Slabs where reinforcement with yield stress exceeding 

1907.12.2.1-1908.0 

0.0020 

0.0018 

60,000 psi (413.7 MPa) measured at a yield strain of 0.35 percent is used 
0

·
0018 

x 
60

· 
000 

fv 

ForSI: 0.0018 X 413.7 
fv 

1907.12.2.2 Shrinkage and temperature reinforcement shall be spaced not farther apart than five 
times the slab thickness, or 18 inches (457 mm). 

1907.12.2.3 At all sections where required, reinforcement for shrink<Lge and temperature 
stresses shall develop the specified yield strengthfv in tension in accordance with Section 1912. 

1907.12.3 Prestressing tendons confonning to Section 1903.5.5 used for sh1inkage and tempera­
ture reinforcement shall be provided in accordance with the following: 

1907.12.3.1 Tendons shall be proportioned to provide a minimum average compressive stress of 
I 00 psi (0.69 MPa) on gross concrete area using effective prestress, after losses, in accordance 
with Section 1918.6. 

1907.12.3.2 Spacing of prestressed tendons used for shrinkage and temperature reinforcement 
shall not exceed 6 feet (1829 mm). 

1907.12.3.3 When the spacing of prestressed tendons used for shrinkage and temperature rein­
forcement exceeds 54 inches (1372 mm), additional bonded shrinkage and temperature rein­
forcement confonning with Section 1907.12.2 shall be provided bet wee 11 the tendons at slab 
edges extending from the slab edge for a distance equal to the tendon spacing. 

SECTION 1908- ANALYSIS AND DESIGN 

1908.0 Notations. 

A.\· 
A~ 

b 

d 

Ec 
Es 

~~ 
/y 
ln 

= 
= 

= 
= 

area of non prestressed tension reinforcement, square inches (mm2). 

area of compression reinforcement, square inches (mm2). 

width of compression face of member, inches (mm). 

distance from extreme compression fiber to centroid of tension reinforcement, inches 
(mm). 

modulus of elasticity of concrete, pounds per square inch (MPa). See Section 1908.1. 

modulus of elasticity of reinforcement, pounds per square inch (MPa). See Sections 
1908.2 and 1908.5.3. 

specified compressive strength of concrete, pounds per square incil (MPa). 

specified yield strength of non prestressed reinforcement, pounds per square inch (MPa). 

clear span for positive moment or shear and average of adjacent clear spans for negative 
moment. 

Vc nominal shear strength provided by concrete. 

we = unit weight of concrete, pounds per cubic foot (kg/m3). 

wu factored load per unit length of beam or per unit area of slab. 

~~ = factor defined in Section 1910.2.7.3. 

p = ratio of non prestressed tension reinforcement. 
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A.,lbd. 
p' ratio of non prestressed compression reinforcement. 

= A~lbd. 
Ph reinforcement ratio producing balanced strain conditions. See Section 1910.3, Item 1. 

<!> strength-reduction factor. See Section 1909.3. 

1908.1 Design Methods. 

1908.1.1 In design of reinforced concrete structures, members shall be proportioned for adequate 
strength in accordance with provisions of this code, using load factors and strength-reduction fac­
tors 4> specified in Section 1909. 

1908.1.2 Nonprestressed reinforced concrete members may be designed using the provisions of 
Section 1926. 

1908.2 Loading. 

1908.2.1 Design provisions of this code are based on the assumption that structures shall be de­
signed to resist all applicable loads. 

1908.2.2 Service loads shall be in accordance with Chapter 16 with appropriate live load reduc­
tions as permitted therein. 

1908.2.3 In design for wind and earthquake loads, integral structural parts shall be designed to re­
sist the total lateral loads. 

1908.2.4 Consideration shall be given to effects of forces due to prestressing, crane loads, vibra­
tion, impact, shrinkage, temperature changes, creep and unequal settlement of supports. 

1908.3 Methods of Analysis. 

1908.3.1 All members of frames or continuous construction shall be designed for the maximum 

I effects of factored loads as determined by the theory of elastic analysis, except as modified by Sec­
tion 1908.4. It is permitted to simplify the design by using the assumptions specified in Sections 
1908.6 through 1908.9. 

1908.3.2 Except for prestressed concrete, approximate methods of frame analysis may be used for 
buildings of usual types of construction, spans and story heights. 

1908.3.3 In lieu of frame analysis, the following approximate moments and shear:; may be used in 
design of continuous beams and one-way slabs (slabs reinforced to resist flexural stresses in only 
one direction), provided: 

1. There are two or more spans, 

2. Spans are approximately equal, with the larger of two adjacent spans not greater than the 
shorter by more than 20 percent, 

3. Loads are uniformly distributed, and 

4. Unit live load does not exceed three times unit dead load, and 

I 5. Members are prismatic. 

Positive moment: 

End spans 

Discontinuous end unrestrained ..................................... . 
Discontinuous end integral with support .............................. . 

Interior spans 
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Negative moment at exterior face of first interior support 

Two spans .......................................................... Wuln 219 
More than two spans ................................................ wuln 2110 

Negative moment at other faces of interior supports .......................... wuln 2111 

Negative moment at face of all supports for: 

Slabs with spans not exceeding 10 feet (3048 mm), and beams where 
ratio of sum of column stiffnesses to beam stiffness 
exceeds eight at each end of the span ................................... wuln 2112 

Negative moment at interior face of exterior support for 
members built integrally with supports: 

Where support is a spandrel beam ...................................... wuln 2124 

Where support is a column ............................................ wuln 2116 

Shear in end members at face of first interior support ....................... 1.15 wuln/2 

Shear at face of all other supports . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . wuln/2 

1908.4 Redistribution of Negative Moments in Continuous Nonprestre~;sed Flexural 
Members. 

1908.4.1 Except where approximate values for moments are used, it is permitted to increase or de­
crease negative moments calculated by elastic theory at supports of continuous flexural members 
for any assumed loading arrangement by not more than 

( p p') 
20 1 - ----;;-:-- percent 

1908.4.2 The modified negative moments shall be used for calculating moments at sections within 
the spans. 

1908.4.3 Redistribution of negative moments shall be made only when the section, at which mo­
ment is reduced, is so designed that p or p - p' is not greater than 0.50 Ph, where 

0.85 fJ 1 f'c 87, 000 -----=-=-:,---:-tv 87,000 + fv 
(8-1) 

ForSI: 
600 + /y 

600 

1908.4.4 For criteria on moment redistribution for prestressed concrete members, see Section 
1918. 

1908.5 Modulus of Elasticity. 

1908.5.1 Modulus of elasticity Ec for concrete may be taken as w/533 ./f: (in psi) 

[For SI: w cl.50.043 ./f: (in MPa)] for values of we between 90 pcf and 155 pcf (1440 kg/m3 and 

2420 kg/m3). For normal-weight concrete, Ec may be taken as 57,000./f: (For SI: 4730 ./f:). 

1908.5.2 Modulus of elasticity E.~ for nonprestressed reinforcement may be taken as 29,000,000 psi 
(200 000 MPa). 

1908.5.3 Modulus of elasticity Es for prestressing tendons shall be determim:d by tests or supplied 
by the manufacturer. 
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1908.6 Stiffness. 

1908.6.1 Use of any set of reasonable assumptions is permitted for computing rela1ive flexural and 
torsional stiffnesses of columns, walls, floors and roof systems. The assumptions adopted shall be 
consistent throughout analysis. 

1908.6.2 Effect of haunches shall be considered both in determining moments a.nd in design of 
members. 

1908.7 Span Length. 

1908.7.1 Span length of members not built integrally with supports shall be considered the clear 
span plus depth of member, but need not exceed distance between centers of supports. 

1908.7.2 In analysis of frames or continuous construction for determination of moments, span 
length shall be taken as the distance center to center of supports. 

1908.7.3 For beams built integrally with supports, design on the basis of moments at faces of sup­
port is permitted. 

1908.7.4 Solid or ribbed slabs built integrally with supports, with clear spans not more than 10 feet 
(3048 mm), may be analyzed as continuous slabs on knife edge supports with spans equal to the 
clear spans of the slab and width of beams otherwise neglected. 

1908.8 Columns. 

1908.8.1 Columns shall be designed to resist the axial forces from factored load!: on all floors or 
roof and the maximum moment from factored loads on a single adjacent span of the floor or roof 
under consideration. Loading condition giving the maximum ratio of moment to axial load shall 
also be considered. 

1908.8.2 In frames or continuous construction, consideration shall be given to the effect of unbal­
anced floor or roof loads on both exterior and interior columns and of eccentric loading due to other 
causes. 

1908.8.3 In computing gravity load moments in columns, it is permitted to assume as fixed, far 
ends of columns built integrally with the structure. 

1908.8.4 Resistance to moments at any floor or roof level shall be provided by dis1ributing the mo­
ment between columns immediately above and below the given floor in proportion to the relative 
column stiffnesses and conditions of restraint. 

1908.9 Arrangement of Live Load. 

1908.9.1 It is permissible to assume that (1) the live load is applied only to the floor or roof under 
consideration, and (2) the far ends of columns built integrally with the structure are considered to be 
fixed. 

1908.9.2 It is permitted to assume that the arrangement of live load is limited to (:ombinations of: 

1. Factored dead load on all spans with full-factored live load on two adjacent spans, and 

2. Factored dead load on all spans with full-factored live load on alternate spa.ns. 

1908.10 T-beam Construction. 

1908.10.1 In T-beam construction, the flange and web shall be built integrally or otherwise effec­
tively bonded together. 

1908.10.2 Width of slab effective as aT-beam flange shall not exceed one fourth the span length of 
the beam, and the effective overhanging slab width on each side of the web shall not exceed: 

1. Eight times the slab thickness, or 
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2. One half the clear distance to the next web. 

1908.10.3 For beams with a slab on one side only, the effective overhanging flange width shall not 
exceed: 

I. One twelfth the span length of the beam, 

2. Six times the slab thickness, or 

3. One half the clear distance to the next web. 

1908.10.4 Isolated beams, in which the T-shape is used to provide a flange for additional compres­
sion area, shall have a flange thickness not less than one half the width of web and an effective 
flange width not more than four times the width of web. 

1908.10.5 Where primary flexural reinforcement in a slab that is considere::l as aT-beam flange 
(excluding joist construction) is parallel to the beam, reinforcement perpendicular to the beam shall 
be provided in the top of the slab in accordance with the following: 

1908.10.5.1 Transverse reinforcement shall be designed to carry the factored load on the over­
hanging slab width assumed to act as a cantilever. For isolated beams, the full width of overhang­
ing flange shall be considered. For other T-beams, only the effective overhanging slab width need 
be considered. 

1908.10.5.2 Transverse reinforcement shall be spaced not farther apart than five times the slab 
thickness or 18 inches (457 mm). 

1908.11 Joist Construction. 

1908.11.1 Joist construction consists of a monolithic combination of regularly spaced ribs and a top 
slab arranged to span in one direction or two orthogonal directions. 

1908.11.2 Ribs shall not be less than 4 inches (102 mm) in width and shall have a depth of not more 
than three and one-half times the minimum width of rib. 

1908.11.3 Clear spacing between ribs shall not exceed 30 inches (762 mm). 

1908.11.4 Joist construction not meeting the limitations of the preceding two paragraphs shall be 
designed as slabs and beams. 

1908.11.5 When permanent burned clay or concrete tile fillers of material having a unit compres­
sive strength at least equal to that of the specified strength of concrete in the joists are used: 

1908.11.5.1 For shear and negative-moment strength computations, it is permitted to include the I 
vertical shells of fillers in contact with ribs. Other portions of fillers shall not be included in 
strength computations. 

1908.11.5.2 Slab thickness over permanent fillers shall not be less than one twelfth the clear dis­
tance between ribs nor less than one and one-half inches (38 mm). 

1908.11.5.3 In one-way joists, reinforcement normal to the ribs shall be provided in the slab as 
required by Section 1907.12. 

1908.11.6 When removable forms or fillers not complying with Section 1908.11.5 are used: 

1908.11.6.1 Slab thickness shall not be less than one twelfth the clear distance between ribs, or 
less than 2 inches (51 mm). 

1908.11.6.2 Reinforcement normal to the ribs shall be provided in the slab as required for flex­
ure, considering load concentrations, if any, but not less than required by Section 1907.12. 

1908.11.7 Where conduits or pipes as permitted by Section 1906.3 are embedded within the slab, 
slab thickness shall be at least I inch (25 mm) greater than the total overall depth of the conduits or 
pipes at any point. Conduits or pipes shall not impair significantly the streng:h of the construction. 
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1908.11.8 For joist construction, contribution of concrete to shear strength Ve is permitted to be 10 
percent more than that specified in Section 1911. It is permitted to increase shear strength using 
shear reinforcement or by widening the ends of the ribs. 

1908.12 Separate Floor Finish. 

1908.12.1 A floor finish shall not be included as part of a structural member unle~•s placed mono­
lithically with the floor slab or designed in accordance with requirements of Section 1917. 

1908.12.2 All concrete floor finishes may be considered as part of required cover cr total thickness 
for nonstructural considerations. 

SECTION 1909 - STRENGTH AND SERVICEABILITY REQUIREMENTS 

1909.0 Notations. 

Ag gross area of section, square inches (mm2) . 

A' s 

b 

D 
d 

d' 

d., 
E 

Ec 
F 

f'c 

ffc 
fcr 

fr 
/y 
H 

h 

fer 

le 

lg 

L 

ln 

Ma 

Mer 
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= 

= 

= 
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area of compression reinforcement, square inches (mm2). 

width of compression face of member, inches (mm). 
dead loads, or related internal moments and forces. 
distance from extreme compression fiber to centroid of tension reinforcement, inches 
(mm). 
distance from extreme compression fiber to centroid of compression reinforcement, 
inches (mm). 
distance from extreme tension fiber to centroid of tension reinforcement, inches (mm). 
load effects of earthquake, or related internal moments and forces. 
modulus of elasticity of concrete, pounds per square inch (MPa). See Section 1908.1. 
loads due to weight and pressures of fluids with well-defined densities and controllable 
maximum heights, or related internal moments and forces. 
specified compressive strength of concrete, pounds per square inch (MPa). 
square root of specified compressive strength of concrete, pounds per square inch (MPa). 

average splitting tensile strength of lightweight aggregate concrete, pounds per square 
inch (MPa). 
modulus of rupture of concrete, pounds per square inch (MPa). 
specified yield strength of non prestressed reinforcement, pounds per square inch (MPa). 
loads due to weight and pressure of soil, water in soil, or other materials, or related internal 
moments and forces. 
overall thickness of member, inches (mm). 
moment of inertia of cracked section transformed to concrete. 
effective moment of inertia for computation of deflection. 
moment of inertia of gross concrete section about centroidal axis, negkcting reinforce­
ment. 

live loads, or related internal moments and forces. 
span length of beam or one-way slab, as defined in Section 1908. 7; clear projection of 
cantilever, inches (mm). 
length of clear span in long direction of two-way construction, measured face to face of 
supports in slabs without beams and face to face of beams or other supports in other cases. 
maximum moment in member at stage deflection is computed. 
cracking moment. See Formula (9-8). 
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ph 
Pn 
T 
u 
w 

We 

= 

= 

nominal axial load strength at balanced strain conditions. See Sectwn 191 0.3.2. 

nominal axial load strength at given eccentricity. 
cumulative effects of temperature, creep, shrinkage and differential settlement. 
required strength to resist factored loads or related internal moments and forces. 
wind load, or related internal moments and forces. 
weight of concrete, pounds per cubic foot (kg/m3). 

Yt distance from centroidal axis of gross section, neglecting reinforcement, to extreme fiber 
in tension. 

a ratio of flexural stiffness of beam section to flexural stiffness of a width of slab bounded 
laterally by center line of adjacent panel (if any) on each side of beam. See Section 1913. 

a.n average value of a for all beams on edges of a panel. 

~ ratio of clear spans in long-to-short direction of two-way slabs. 

~ = time-dependent factor for sustained load. See Section 1909.5.2.5. 
A. = multiplier for additional long-time deflection as defined in Section 1909.5.2.5. 

p' = reinforcement ratio for non prestressed compression reinforcement. A 'glbd. 
cj> = strength-reduction factor. See Section 1909.3. 

1909.1 General. 

1909.1.1 Structures and structural members shall be designed to have desig.1 strengths at all sec­
tions at least equal to the required strengths calculated for the factored loads and forces in such com­
binations as are stipulated in this code. 

1909.1.2 Members also shall meet all other requirements of this code to ensure adequate perform­
ance at service load levels. 

1909.2 Required Strength. 

1909.2.1 Required strength U to resist dead load D and live load L shall be at least equal to 

U = 1.4D + 1.7L (9-1) 

1909.2.2 If resistance to structural effects of a specified wind load Ware included in design, the 
following combinations of D, L and W shall be investigated to determine the greatest required 
strength U 

U = 0.75 (1.4D + 1.7L + 1.7W) (9-2) 

where load combinations shall include both full value and zero value of L to determine the more 
severe condition, and 

U = 0.9D + l.3W (9-3) 

but for any combination of D, L and W, required strength U shall not be les~. than Formula (9-1 ). 

1909.2.3 If resistance to specified earthquake loads or forces E are included in design, load combi­
nations of Section 1909.2.2 shall apply, except that 1.1£ shall be substituted for W Load factors 
contained in Sections 1921 and 1926 shall be used where applicable. 

1909.2.4 If resistance to earth pressure His included in design, required strength U shall be at least 
equal to 

U = 1.4D + 1.7L + 1.7H (9-4) 

except that where D or L reduces the effect of H, 0.9D shall be substituted for 1.4D and zero value of 
L shall be used to determine the greatest required strength U. For any combination of D, L and H, 
required strength U shall not be less than Formula (9-1 ). 
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1909.2.5 If resistance to loadings due to weight and pressure of fluids with well-defined densities 
and controllable maximum heights F is included in design, such loading shall have a load factor of 
1.4 and be added to all loading combinations that include live load. 

1909.2.6 If resistance to impact effects is taken into account in design, such effects shall be in­
cluded with live load L. 

1909.2.7 Where structural effects T of differential settlement, creep, shrinkage or temperature 
change may be significant in design, required strength U shall be at least equal tc, 

U = 0.75 (1.4D + 1.4T + 1.7L) 

but required strength U shall not be less than 

U = 1.4 (D + T) 

(9-5) 

(9-6) 

Estimations of differential settlement, creep, shrinkage or temperature change sha II be based on a 
realistic assessment of such effects occurring in service. 

1909.3 Design Strength. 

1
1909.3.1 Design strength provided by a member, its connection to other members ~md its cross sec­
tions, in terms of flexure, axial load, shear and tension, shall be taken as the nominal strength calcu­
lated in accordance with requirements and assumptions of this code, multiplied by a strength­
reduction factor cp. 
1909.3.2 Strength-reduction factor 4> shall be as follows: 

1909.3.2.1 Flexure, without axial load ....................................... 0.90 

1909.3.2.2 Axial load and axial load with flexure. (For axial load with flexure, both axial load 
and moment nominal strength shall be multiplied by appropriate single value of cp.) 
Axial tension and axial tension with flexure ................................... 0.90 

Axial compression and axial compression with flexure: 

Members with spiral reinforcement conforming to 
Section 1910.9.3 ........................................................ 0.75 

Other reinforced members . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 70 

I except that for low values of axial compression, 4> may be increased in accordance with the follow­
ing: 

I 

For members in which/y does not exceed 60,000 psi (413.7 MPa), with symmetric reinforcement, 
and with (h- d'- ds)lh not less than 0.70, 4> may be increased linearly to 0.90 as cpP11 decreases from 
0.10 f'c A8 to zero. 

For other reinforced members, 4> may be increased linearly to 0.90 as G>Pn decreases from 0.10 
f 'c A8 or G>Pb, whichever is smaller, to zero. 

1909.3.2.3 Shear and torsion (See also Section 1909.3.4 for shear walls and frames in Seismic 
Zones 3 and 4) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.85 

• 1909.3.2.4 Bearing on concrete (See also Section 1918.13) ...................... 0.70 

1909.3.3 Development lengths specified in Section 1912 do not require a 4> factor. 

1909.3.4 In Seismic Zones 3 and 4, strength-reduction factors shall be as given above except for the 
following: 

1909.3.4.1 The shear strength-reduction factor shall be 0.6 for the design of wails, topping slabs 
used as diaphragms over precast concrete members and structural framing members, with the 
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exception ofjoints, if their nominal shear strength is less than the shear cor responding to devel­
opment of their nominal flexural strength. The shear strength-reduction factor for joints shall be 
0.85. 

1909.3.4.2 The strength-reduction factor for axial compression and flexure shall be 0.5 for all I 
frame members with factored axial compressive forces exceeding (Ag f 4c II 0) if the transverse 
reinforcement does not conform to Section 1921.4.4. 

1909.4 Design Strength for Reinforcement. Designs shall not be based on a yield strength of 
reinforcement/yin excess of 80,000 psi (551.6 MPa), except for prestressing tendons. 

1909.5 Control of Deflections. 

1909.5.1 Reinforced concrete members subject to flexure shall be designed to have adequate stiff-~ 
ness to limit deflections or any deformations that affect strength or serviceability of a structure 
adversely. 

1909.5.2 One-way construction (nonprestressed). 

1909.5.2.1 Minimum thickness stipulated in Table 19-C-1 shall apply for c·ne-way construction 
not supporting or attached to partitions or other construction likely to be damaged by large deflec­
tions, unless computation of deflection indicates a lesser thickness may be used without adverse 
effects. 

1909.5.2.2 Where deflections are to be computed, deflections that occur immediately on applica­
tion of load shall be computed by usual methods or formulas for elastic deflections, considering 
effects of cracking and reinforcement on member stiffness. 

1909.5.2.3 Unless stiffness values are obtained by a more comprehensive analysis, immediate de­
flection shall be computed with the modulus of elasticity Ec for concrete a~ specified in Section 
1908.5.1 (normal-weight or lightweight concrete) and with the effective moment of inertia as fol­
lows, but not greater than /8 . 

(M"f I, = Ma lg + 

WHERE: 

[I (~J}, (9-7) 

Mer 
f, lg 

(9-8) y, 

and for normal-weight concrete 

f, 7.5 jj'; (9-9) 

For SI: f, 0.62 jj'; 
When lightweight aggregate concrete is used, one of the following modifications shall apply: 

1. When.fc1 is specified and concrete is proportioned in accordance with St:ction 1905.2, fr shall 

be modified by substituting.fc1/6.7 (For SI: 1.8.fc1) for jj';, but the value of.fc1/6.7 (For SI: 

1.8.ft.1) shall not exceed jj';. 
2. When.fc1 is not specified,fr shall be multiplied by 0.75 for "all-lightweight" concrete, and 

0.85 for "sand-lightweight" concrete. Linear interpolation may be used when partial sand 
replacement is used. 

1909.5.2.4 For continuous members, effective moment of inertia may be taken as the average of 
values obtained from Formula (9-7) for the critical positive and negative moment sections. For pris­
matic members, effective moment of inertia may be taken as the value obtained from Formula (9-7) 
at midspan for simple and continuous spans, and at support for cantilevers. 
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1909.5.2.5 Unless values are obtained by a more comprehensive analysis, additional longtime de­
flection resulting from creep and shrinkage of flexural members (normal-weigh: or lightweight 
concrete) shall be determined by multiplying the immediate deflection caused by the sustained load 
considered, by the factor 

A. = I; 
1 + SOp' 

(9-1 0) 

where p' shall be the value at midspan for simple and continuous spans, and at support for canti­
l levers. It is permitted to assume the time-dependent factor for sustained loads to be equal to 

Five years or more 

12 months 

Six months 

Three months 

2.0 

1.4 

1.2 

1.0 

11909.5.2.6 Deflection computed in accordance with this section shall not exceed limits stipulated 
in Table 19-1. 

I 

1909.5.3 Two-way construction (nonprestressed). 

1909.5.3.1 This section shall govern the minimum thickness of slabs or other two-way construc­
tion designed in accordance with the provisions of Section 1913 and conforming with the require­
ments of Section 1913.6.1.2. The thickness of slabs without interior beams spanning between the 
supports on all sides shall satisfy the requirements of Section 1909.5.3.2 or 1909.:i.3.4. Thickness 
of slabs with beams spanning between the supports on all sides shall satisfy the requirements of 
Section 1909.5.3.3 or 1909.5.3.4. 

1909.5.3.2 For slabs without interior beams spanning between the supports and having a ratio of 
long to short span not greater than 2, the minimum thickness shall be in accordance with the provi­
sions of Table 19-C-2 and shall not be less than the following values: 

1. Slabs without drop panels as defined in 
Sections 1913.4.7.1 and 1913.4.7.2 ............................ 5 inches (127 mm) 

2. Slabs with drop panels as defined in 
Sections 1913.4.7.1 and 1913.4.7.2 ............................ 4 inches (102 mm) 

1909.5.3.3 For slabs with beams spanning between the supports on all sides, the minimum thick­
ness shall be as follows: 

I. For Om equal to or less than 0.2, the provisions of Section 1909.5.3.2 shall apply. 

2. For Om greater than 0.2 but not greater than 2.0, the thickness shall not be less than 

ln( 0.8 + 21~':rro) 
h = ---'----::-----'--

36 + 5{3(am - 0.2) 

ln( 0.8 + 1to) 
h = ..,....,..--'-::-::------':::-:-:-

36 + 5{3(am - 0.2) 
For SI: 

(9-11) 

I but not less than 5 inches (127 mm). 
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3. For Om greater than 2.0, the thickness shall not be Jess than I 
tn(o.8 + ~) 

h = 36 + 9/3 
(9-12) 

For SI: 
ln( 0.8 + ~~~o) 

h = --'-----::--'-
36 + 9/3 

but not Jess than 3.5 inches (89 mm). •• 

4. At discontinuous edges, an edge beam shall be provided with a stiffnes; ratio a not Jess than 
0.80; or the minimum thickness required by Formula (9-11) or (9-12) shall be increased by at I 
least I 0 percent in the panel with a discontinuous edge. 

1909.5.3.4 Slab thickness less than the minimum thickness required by Sections 1909.5.3.1, 
1909.5.3.2 and 1909.5.3.3 may be used if shown by computation that the deflection will not exceed 
the limits stipulated in Table 19-C-1. Deflections shall be computed taking .nto account size and 
shape of the panel, conditions of support, and nature of restraints at the panel edges. The modulus of I 
elasticity of concrete Ec shall be as specified in Section 1908.5.1. The effective moment of inertia 
shall be that given by Formula (9-7); other values may be used if they result in computed deflections 
in reasonable agreement with the results of comprehensive tests. Additional long-term deflection 
shall be computed in accordance with Section 1909.5.2.5. 

1909.5.4 Prestressed concrete construction. 

1909.5.4.1 For flexural members designed in accordance with provisions of Section 1918, imme­
diate deflection shall be computed by usual methods or formulas for elastic deflections, and the mo­
ment of inertia of the gross concrete section may be used for uncracked sec1:ions. 

1909.5.4.2 Additional long-time deflection of prestressed concrete members shall be computed 
taking into account stresses in concrete and steel under sustained load and including effects of creep 
and shrinkage of concrete and relaxation of steel. 

Deflection computed in accordance with this section shall not exceed limts stipulated in Table I 
19-1. 

1909.5.5 Composite construction. 

1909.5.5.1 Shored construction. If composite flexural members are supported during construc­
tion so that, after removal of temporary supports, dead load is resisted by the full composite section, 
the composite member may be considered equivalent to a monolithically cast member for computa­
tion of deflection. For nonprestressed members, the portion of the member in compression shall 
determine whether values in Table 19-C-1 for normal-weight or lightweight concrete shall apply. If 
deflection is computed, account should be taken of curvatures resulting from :lifferential shrinkage 
of precast and cast-in-place components, and of axial creep effects in a prestressed concrete mem­
ber. 

1909.5.5.2 Unshored construction. If the thickness of a nonprestressed precast flexural member 
meets the requirements of Table 19-C-1, deflection need not be computed. If the thickness of a non­
prestressed composite member meets the requirements of Table 19-D, deflt~ction occurring after 
the member becomes composite need not be computed, but the long-time de:lection of the precast 
member should be investigated for magnitude and duration of load prior to beginning of effective 
composite action. 

1909.5.5.3 Deflection computed in accordance with this section shall not exceed limits stipulated 
in Table 19-1. 
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SECTION 1910- FLEXURE AND AXIAL LOADS 

1910.0 Notations. 

A = effective tension area of concrete surrounding the flexural tension reinforcement and hav­
ing the same centroid as that reinforcement, divided by the number of bars or wires, square 
inches (mm2). When the flexural reinforcement consists of different bar ctr wire sizes, the 
number of bars or wires shall be computed as the total area of reinforcement divided by the 
area of the largest bar or wire used. 

Ac area of core of spirally reinforced compression member measured to out:; ide diameter of 
spiral, square inches (mm2). 

A8 = gross area of section, square inches (mm2). 

As area of nonprestressed tension reinforcement, square inches (mm2). 

Ask 

a 

b 

Cm 
c 

d 

de 

Ec 

E.f 

El 

f'c 

Is 
/y 
h 

lg 

lse 
I, 

k 

lc 

lu 

Me 
Mu 
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= area of skin reinforcement per unit height in one side face, square inches per foot 
(mm2/m). 

total area of longitudinal reinforcement (bars or steel shapes), square inches (mm2). 
= area of structural steel shape, pipe or tubing in a composite section, square inches (mm2). 

= 
= 
= 
= 
= 
= 

= 
= 
= 
= 

loaded area. 
the area of the lower base of the largest frustum of a pyramid, cone, or tap<!red wedge con­
tained wholly within the support and having for its upper base the loaded 1rea, and having 
side slopes of I unit vertical in 2 units horizontal (50% slope). 
depth of equivalent rectangular stress block as defined in Section I9I 0.2.7.I. 
width of compression face of member, inches (mm). 
a factor relating actual moment diagram to an equivalent uniform moment diagram. 
distance from extreme compression fiber to neutral axis, inches (mm). 
distance from extreme compression fiber to centroid of tension reinforcement, inches 
(mm). 

thickness of concrete cover measured from extreme tension fiber to center of bar or wire 
located closest thereto, inches (mm). 
modulus of elasticity of concrete, pounds per square inch (MPa). See S'!ction I908.5.I. 
modulus of elasticity of reinforcement, pounds per square inch (MPa). See Sections 
I908.5.2 and I908.5.3. 
flexural stiffness of compression member. See Formula (I 0-9). 
specified compressive strength of concrete, pounds per square inch (MPa). 
calculated stress in reinforcement at service loads, kips per square inch (MPa). 

specified yield strength of nonprestressed reinforcement, pounds per square inch (MPa). 
overall thickness of member, inches (mm). 

moment of inertia of gross concrete section about centroidal axis, neglt:cting reinforce­
ment. 

moment of inertia of reinforcement about centroidal axis of member cross section. 
moment of inertia of structural steel shape, pipe or tubing about centroi:.tal axis of com­
posite member cross section. 

effective length factor for compression members. 

unsupported length of compression member. 

unsupported length of compression member. 

factored moment to be used for design of compression member. 
factored moment at section. 
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M1h 

M'lh 

M2s 

ph 

Pc 
Pn 
Po 
Pu 

r 
z 

131 
!3d 

= 

= 

= 

value of smaller factored end moment on a compression member due to the loads that 
result in no appreciable sideway, calculated by conventional elastic frame analysis; posi­
tive if bent in single curvature, negative if bent in double curvatuw. 
value of larger factored end moment on compression members due to loads which result 
in no appreciable sidesway, calculated by conventional elastic frame analysis. 
value of larger factored end moment on compression member due to loads which result in 
appreciable sidesway, calculated by conventional elastic frame ana.lysis. 
nominal axial load strength at balanced strain conditions. See Sectton 1910.3.2. 
critical load. See Formula (I 0-9). 
nominal axial load strength at given eccentricity. 
nominal axial load strength at zero eccentricity. 

factored axial load at given eccentricity :5 <I>Pn. 
radius of gyration of cross section of a compression member. 
quantity limiting distribution of flexural reinforcement. See Section 1910.6. 
factor defined in Section 1910.2.7.3. 
ratio of maximum factored axial dead load to maximum total factored axial load, where 
the load is due to gravity effects only in the calculations of Pc in Formula (I 0-7), or ratio of 
the maximum factored sustained lateral load to the maximum total factored lateral load in 
that story in the calculation of Pc in Formula (10-8). 

~ moment magnification factor for frames braced against sidesway to reflect effects of 
member curvature between ends of compression members. 

05 moment magnification factor for frames not braced against sides way to reflect lateral drift 
resulting from lateral and gravity loads. 

p ratio of nonprestressed tension reinforcement. 
Asfbd. 

Ph reinforcement ratio producing balanced strain conditions. See Sec1ion 1910.3.2. 
Ps ratio of volume of spiral reinforcement to total volume of core (out-to-out of spirals) of a 

spirally reinforced compression member. 
<1> strength-reduction factor. See Section 1909.3. 

1910.1 Scope. Provisions of Section 1910 shall apply for design of member' subject to flexure or 
axial loads or to combined flexure and axial loads. 

1910.2 Design Assumptions. 

1910.2.1 Strength design of members for flexure and axial loads shall be based on assumptions 
given in the following items and on satisfaction of applicable conditions of eqt:ilibrium and compat­
ibility of strains. 

1910.2.2 Strain in reinforcement and concrete shall be assumed directly proportional to the dis­
tance from the neutral axis, except, for deep flexural members with overall depth-to-clear-span ra­
tios greater than two fifths for continuous spans and four fifths for simple spans, a nonlinear 
distribution of strain shall be considered. See Section 1910.7. 

1910.2.3 Maximum usable strain at extreme concrete compression fiber shall be assumed equal to 
0.003. 

1910.2.4 Stress in reinforcement below specified yield strengthfv for grade of reinforcement used 
shall be taken as Es times steel strain. For strains greater than that correspondi rtg to fv, stress in rein-
forcement shall be considered independent of strain and equal to fY· · 
1910.2.5 Tensile strength of concrete shall be neglected in axial and flexural calculations of rein­
forced concrete, except where meeting requirements of Section 1918.4. 
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1910.2.6 Relationship between concrete compressive stress distribution and concrete strain may 
be assumed to be rectangular, trapezoidal, parabolic or any other shape that results in prediction of 
strength in substantial agreement with results of comprehensive tests. 

1910.2.7 Requirements of Section 1910.2.6 may be considered satisfied by an equivalent rectan­
gular concrete stress distribution defined by the following: 

1910.2.7.1 Concrete stress of 0.85/'c shall be assumed uniformly distributed over an equivalent 
compression zone bounded by edges of the cross section and a straight line located parallel to the 
neutral axis at a distance a= ~1c from the fiber of maximum compressive strain. 

1910.2.7.2 Distance c from fiber of maximum strain to the neutral axis shall be measured in a 
direction perpendicular to the axis. 

1910.2.7.3 Factor~~ shall be taken as 0.85 for concrete strengths/~ up to and including 4,000 
psi (27.58 MPa). For strengths above 4,000 psi (27.58 MPa), ~~shall be reduced <ontinuously at a 
rate of 0.05 for each 1,000 psi (6.89 MPa) of strength in excess of 4,000 psi (27. 58 MPa), but ~~ 
shall not be taken less than 0.65. 

1910.3 General Principles and Requirements. 

1910.3.1 Design of cross section subject to flexure or axial loads or to combined flexure and axial 
loads shall be based on stress and strain compatibility using assumptions in Section 1910.2. 

1910.3.2 Balanced strain conditions exist at a cross section when tension reinforcement reaches 
the strain corresponding to its specified yield strength/y just as concrete in compression reaches its 
assumed ultimate strain of 0.003. · 

1910.3.3 For flexural members, and for members subject to combined flexure and compressive 
axial load when the design axial load strength <l>Pn is less than the smaller of 0.10 f~ A8 or <J>Ph, the 
ratio of reinforcement p provided shall not exceed 0.75 of the ratio Ph that would produce balanced 
strain conditions for the section under flexure without axial load. For members with compression 
reinforcement, the portion of Ph equalized by compression reinforcement need not be reduced by 
the 0.75 factor. 

1910.3.4 Compression reinforcement in conjunction with additional tension reinforcement may 
be used to increase the strength of flexural members. 

1910.3.5 Design axial load strength 4>Pn of compression members shall not be taken greater than 
the following: 

1910.3.5.1 For nonprestressed members with spiral reinforcement confom1ing to Section 
1907.10.4 or composite members conforming to Section 1910.14: 

{j>Pn(max.) = 0.85{j>[0.85J'c (A 8 - A_,,) + /yA5,] (10-1) 

1910.3.5.2 For nonprestressed members with tie reinforcement conforming to Section 
1907.10.5: 

(1 0-2) 

1910.3.5.3 For prestressed members, design axial load strength <l>Pn shall not be taken greater 
than 0.85 (for members with spiral reinforcement) or 0.80 (for members with tie reinforcement) 
of the design axial load strength at zero eccentricity cj>P0 • 

1910.3.6 Members subject to compressive axial load shall be designed for the m2.ximum moment 
that can accompany the axial load. The factored axial load Pu at given eccentricity shall not exceed 
that given in Section 191 0.3.5. The maximum factored moment Mu shall be magnified for slender­
ness effects in accordance with Section 1910.10. 
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1910.4 Distance between Lateral Supports of Flexural Members. 

1910.4.1 Spacing of lateral supports for a beam shall not exceed 50 times the least width b of com­
pression flange or face. 

1910.4.2 Effects of lateral eccentricity of load shall be taken into account in determining spacing of 
lateral supports. 

1910.5 Minimum Reinforcement of Flexural Members. 

1910.5.1 At any section of a flexural member, except as provided herein where positive reinforce­
ment is required by analysis, the ratio p provided shall not be less than that .~iven by: 

ForSI: 

pmin. 200 
fv 

p min. = .!A 
fv 

(10-3) 

In T-beams and joists where the web is in tension, the ratio p shall be computed for this purpose 
using width of web. 

1910.5.2 Alternatively, area of reinforcement provided at every section, positive or negative, shall 
be at least one-third greater than that required by analysis. 

1910.5.3 For structural slabs of uniform thickness, minimum area and maximum spacing of rein­
forcement in the direction of the span shall be as required for shrinkage and temperature according 
to Section 1907.12. 

1910.6 Distribution of Flexural Reinforcement in Beams and One-way Slabs. 

1910.6.1 The rules for distribution of flexural reinforcement to control flexural cracking in beams 
and in one-way slabs (slabs reinforced to resist flexural stresses in only one direction) are as fol­
lows: 

1910.6.2 Distribution of flexural reinforcement in two-way slabs shall be a' required by Section 
1913.4. 

1910.6.3 Flexural tension reinforcement shall be well distributed within maximum flexural ten­
sion zones of a member cross section as required by Section 1910.6.4. 

1910.6.4 When design yield strength/y for tension reinforcement exceeds 40,000 psi (275.8 MPa), 
cross sections of maximum positive and negative moment shall be so proportioned that the quantity 
z given by 

z = 1. vd,A (10-4) 

does not exceed 175 kips per inch (30.6 MN/m) for interior exposure and 145 kips per inch (25.4 
MN/m) for exterior exposure. Calculated stress in reinforcement at service loadf, (kips per square 
inch) (MPa) shall be computed as the moment divided by the product of steel area and internal mo­
ment arm. In lieu of such computations, it is permitted to take f, as 60 percent of specified yield I 
strength fY· 
1910.6.5 Provisions of Section 1910.6.4 may not be sufficient for structures subject to very aggres­
sive exposure or designed to be watertight. For such structures, special inve~.tigations and precau­
tions are required. 

1910.6.6 Where flanges ofT-beam construction are in tension, part of the flexural tension rein­
forcement shall be distributed over an effective flange width as defined in Section 1908.10, or a 
width equal to one tenth the span, whichever is smaller. If the effective flange width exceeds one 
tenth the span, some longitudinal reinforcement shall be provided in the outer portions of the flange. 
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1910.6.7 If the depth of the web exceeds 3 feet (914 mm), longitudinal skin reinforcement shall be 
uniformly distributed along both side faces of the member for a distance d/2 nearest the flexural 
tension reinforcement. The area of skin reinforcement, Ask· per foot (per mm) of height on each side 
face shall be ;:::: 0.012 (d- 30) [For SI: ;:::: 0.012 (d -762)]. The maximum spacing of the skin rein­
forcement shall not exceed the lesser of d/6 and 12 inches (305 mm). Such reinforcement may be 
included in strength computations if a strain compatibility analysis is made to dete1mine stresses in 
the individual bars or wires. The total area of longitudinal skin reinforcement in both faces need not 
exceed one half of the required flexural tensile reinforcement. 

1910.7 Deep Flexural Members. 

1910.7.1 Flexural members with overall depth-to-clear-span ratios greater than tY.o fifths for con­
tinuous spans, or four fifths for simple spans, shall be designed as deep flexural members, taking 
into account nonlinear distribution of strain and lateral buckling. 

I 1910.7.2 Shear strength of deep flexural members shall be in accordance with Section 1911.8. 

1910.7.3 Minimum flexural tension reinforcement shall conform to Section 1910.5. 

1910.7.4 Minimum horizontal and vertical reinforcement in the side faces of deep flexural mem­
bers shall be the greater of the requirements of Sections 1911.8.8 and 1911.8.9 or Sections 1914.3.2 
and 1914.3.3. 

1910.8 Design Dimensions for Compression Members. 

1910.8.1 Isolated compression member with multiple spirals. Outer limits of the effective 
cross section of a compression member with two or more interlocking spirals shall be taken at a 
distance outside the extreme limits of the spirals equal to the minimum concrete cover required by 
Section 1907.7. 

1910.8.2 Compression member built monolithically with wall. Outer limits of the effective 
cross section of a spirally reinforced or tied reinforced compression member built monolithically 
with a concrete wall or pier shall be taken not greater than 11/2 inches (38 mm) out:;ide the spiral or 
tie reinforcement. 

1910.8.3 Equivalent circular compression member. In lieu of using full gross <crea for design, a 
compression member with a square, octagonal or other shaped cross section may be considered as a 
circular section with a diameter equal to the least lateral dimension of the actual shape. Gross area 
considered, required percentage of reinforcement, and design strength shall be based on that circu­
lar section. 

1910.8.4 Limits of section. For a compression member with a larger cross section than required 
by considerations of loading, a reduced effective area Ag not less than one half the lotal area may be 
used to determine minimum reinforcement and design strength. 

1910.9 Limits for Reinforcement of Compression Members. 

1910.9.1 Area of longitudinal reinforcement for noncomposite compression members shall not be 
less than 0.01 or more than 0.08 times gross area Ag of section. 

1910.9.2 Minimum number of longitudinal bars in compression members shall be four for bars 
within rectangular or circular ties, three for bars within triangular ties, and six for bars enclosed by 
spirals conforming to the following ratio: 

1910.9.3 Ratio of spiral reinforcement Ps shall not be less than the value given by 

(
Ag )J'c 

Ps = 0.45 Ac - 1 /y (1 0-5) 

where/y is the specified yield strength of spiral reinforcement but not more than 60,000 psi (413.7 
MPa). 
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1910.10 Slenderness Effects in Compression Members. 

1910.10.1 Design of compression members shall be based on forces and moments determined 
from analysis of the structure. Such analysis shall take into account influen;e of axial loads and 
variable moment of inertia on member stiffness and fixed-end moments, effect of deflections on 
moments and forces and the effects of duration of loads. 

1910.10.2 In lieu of the procedure prescribed in Section 1910.10, slenderness effects in compres­
sion members may be evaluated in accordance with the approximate procedure presented in Sec­
tion 1910.11. 

1910.10.3 The detailed requirements of Section 1910.11 need not be applied if slenderness effects 
in compression members are evaluated in accordance with Section 1910.10. 

1910.11 Approximate Evaluation of Slenderness Effects. 

1910.11.1 Unsupported length of compression members. 

1910.11.1.1 Unsupported length lu of a compression member shall be taken as the clear distance 
between floor slabs, beams or other members capable of providing lateral support for that compres­
sion member. 

1910.11.1.2 Where column capitals or haunches are present, unsupported len.sth shall be measured 
to the lower extremity of capital or haunch in the plan considered. 

1910.11.2 Effective length of compression members. 

1910.11.2.1 For compression members braced against sidesway, effective length factor k shall be 
taken as 1.0, unless analysis shows that a lower value may be used. 

1910.11.2.2 For compression members not braced against sidesway, effectiv:! length factor k shall 
be determined with due consideration of effects of cracking and reinforcement on relative stiffness, 
and shall be greater than 1.0. 

1910.11.3 Radius of gyration. Radius of gyration r may be taken equal to 0.30 times the overall 
dimension in the direction stability is being considered for rectangular compression members and 
0.25 times the diameter for circular compression members. For other shapes, r may be computed for 
the gross concrete section. 

1910.11.4 Consideration of slenderness effects. 

1910.11.4.1 For compression members braced against sidesway, effects of slenderness may bene­
glected when klulr is less than 34- 12M1b/M2h. 

1910.11.4.2 For compression members not braced against sidesway, effects of slenderness may be 
neglected when klulr is less than 22. 

1910.11.4.3 For all compression members with klulr greater than 100, an analysis as defined in 
Section 1910.10.1 shall be made. 

1910.11.5 Moment magnification. 

1910.11.5.1 Compression members shall be designed using the factored axial load Pu from a con- I 
ventional frame analysis and a magnified factored moment Me defined by: 

Me IJJvfzb + b..Mz., (10-6) 
WHERE: 

(jb 
em 

~ 1.0 
Pu (10-7) 

t/>Pc 

(js 
l:Pu 

~ 1.0 (10-8) 
rpl:Pc 
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(10-9) 

rPu and r.Pc are the summations for all columns in a story. For frames not braced against sidesway, 
both ~ and Os shall be computed. For frames braced against sidesways, Os shall be taken as 1.0. In 
calculation of Pc, k shall be computed according to Section 1910.11.2.1 for Ob and according to Sec­
tion 1910.11.2.2 for~,. 

1910.11.5.2 In lieu of a more accurate calculation, El in Formula (10-9) may be taken either as 

(EJ8 /5) + EJ,_ m = (I~I~ 
I + {3d 

or conservatively 

(10-11) 

1910.11.5.3 In Formula (1 0-7), for members braced against side sway and without transverse loads 
between supports, Cm may be taken as 

M1b 
Cm = 0.6 + 0.4 M 

2b 

but not Jess than 0.4. For all other cases, Cm shall be taken as 1.0. 

(10-12) 

1910.11.5.4 If computations show that there is no moment at both ends of a braced compression 
member or that computed end eccentricities are less than (0.6 + 0.03h) inches [For SI: (15.24 + 
0.03h) mm], M2h in Formula (10-6) shall be based on a minimum eccentricity of (0.6 + 0.03h) in­
ches [For SI: (15.24 + 0.03h) mm] about each principal axis separately. Ratio M 1biM2h in Formula 
(1 0-12) shall be determined by either of the following: 

I. When computed end eccentricities are Jess than (0.6 + 0.03h) inches [For SI: (15.24 + 0.03h) 
mm], computed end moments may be used to evaluate M1b/M2h in Formula (10-12). 

2. If computations show that there is essentially no moment at both ends of a braced compression 
member, the ratio M 1b!M2h shall be taken equal to one. 

1910.11.5.5 If computations show that there is no moment at both ends of a compression member 
not braced against sidesway or that computed end eccentricities are less than (0.6 + 0.03h) inches 
[For SI: (15.24 + 0.03h) mm], M2b in Formula (10-6) shall be based on a minimum eccentricity of 
(0.6 + 0.03h) inches [For Sl: (15.24 + 0.03h) mm], about each principal axis separately. 

1910.11.6 Moment magnification for flexural members. In frames not braced against side­
sway, flexural members shall be designed for the total magnified end moments of the compression 
members at the joint. 

1910.11.7 Moment magnifier o for biaxial bending. For compression members subject to bend­
ing about both principal axes, moment about each axis shall be magnified by 8, computed from cor­
responding conditions of restraint about that axis. 

1910.12 Axially Loaded Members Supporting Slab System. Axially loaded members support­
ing slab system included within the scope of Section 1913.1 shall be designed as provided in Sec­
tion 1910 and in accordance with the additional requirements of Section 1913. 

1910.13 Transmission of Column Loads through Floor System. When the specified compres­
sive strength of concrete in a column is greater than 1.4 times that specified for a floor system, trans­
mission of load through the floor system shall be provided by one of the following: 
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1910.13.1 Concrete of strength specified for the column shall be placed in the floor at the col­
umn location. Top surface of the column concrete shall extend 2 feet (61 0 mm) into the slab from 
face of column. Column concrete shall be well integrated with floor concrete, and shall be placed I 
in accordance with Sections 1906.4.5 and 1906.4.6. 

1910.13.2 Strength of a column through a floor system shall be based on the lower value of con­
crete strength with vertical dowels and spirals as required. 

1910.13.3 For columns laterally supported on four sides by beams of approximately equal depth 
or by slabs, strength of the column may be based on an assumed concrete strength in the column 
joint equal to 75 percent of column concrete strength plus 35 percent of fie or concrete strength. 

1910.14 Composite Compression Members. 

1910.14.1 Composite compression members shall include all such members reinforced longitudi­
nally with structural steel shapes, pipe or tubing with or without longitudinal bars. 

1910.14.2 Strength of a composite member shall be computed for the same limiting conditions 
applicable to ordinary reinforced concrete members. 

1910.14.3 Any axial load strength assigned to concrete of a composite member shall be transferred 
to the concrete by members or brackets in direct bearing on the composite member concrete. 

1910.14.4 All axial load strength not assigned to concrete of a composite member shall be devel­
oped by direct connection to the structural steel shape, pipe or tube. 

1910.14.5 For evaluation of slenderness effects, radius of gyration of a composite section shall not 
be greater than the value given by: 

r = 
(Ec fR/5) + Es f, 

(EcA 8 /5) + E,A, 
(I 0-13) 

In lieu of a more accurate calculation, El in Formula ( 1 0-9) may be tak,~n either as Formula I 
( 10-11) or 

EJ8/5 
E/ = 1 + {3d + Esfr (10-14) 

1910.14.6 Structural steel-encased concrete core. 

1910.14.6.1 For a composite member with concrete core encased by structural steel, thickness of 
the steel encasement shall not be less than 

b /lt, for each face of width b 

nor 

h j"lk, for circular sections of diameter h 

1910.14.6.2 Longitudinal bars located within the encased concrete core may be considered in 
computing A1 and /1. 

1910.14.7 Spiral reinforcement around structural steel core. A composite member with spi­
rally reinforced concrete around a structural steel core shall conform to the following: 

1910.14.7.1 Specified compressive strength of concrete f'c shall not b~ less than 2,500 psi 
(17.24 MPa). 

1910.14.7.2 Design yield strength of structural steel core shall be the specified minimum yield 
strength for grade of structural steel used but not to exceed 50,000 psi (344.7 MPa). 
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1910.14.7.3 Spiral reinforcement shall conform to Section 1910.9.3. 

1910.14.7.4 Longitudinal bars located within the spiral shall not be less than o.m or more than 
0.08 times net area of concrete section. 

1910.14.7.5 Longitudinal bars located within the spiral may be considered in computing A1 and 
lr. 

1910.14.8 Tie reinforcement around structural steel core. A composite memb~r with laterally 
tied concrete around a structural steel core shall conform to the following: 

1910.14.8.1 Specified compressive strength of concrete f'c shall not be less than 2,500 psi 
(17.24 MPa). 

1910.14.8.2 Design yield strength of structural steel core shall be the specified minimum yield 
strength for grade of structural steel used but not to exceed 50,000 psi (344.7 MPa). 

1910.14.8.3 Lateral ties shall extend completely around the structural steel core. 

1910.14.8.4 Lateral ties shall have a diameter not less than 1/so times the greatest side dimension 
of composite member, except that ties shall not be smaller than No. 3 and need not be larger than 
No. 5. Welded wire fabric of equivalent area may be used. 

1910.14.8.5 Vertical spacing of lateral ties shall not exceed 16longitudinal bar diameters, 48 tie 
bar diameters, or one half times the least side dimension of the composite member. 

1910.14.8.6 Longitudinal bars located within the ties shall not be less than 0.01 or more than 
0.08 times net area of concrete section. 

1910.14.8.7 A longitudinal bar shall be located at every comer of a rectangular cross section, 
with other longitudinal bars spaced not farther apart than one half the least side dimension of the 
composite member. 

1910.14.8.8 Longitudinal bars located within the ties may be considered in computing A1 for 
strength but not in computing /1 for evaluation of slenderness effects. 

1910.15 Bearing Strength. 

1910.15.1 Design bearing strength on concrete shall not exceed <1> (0.85/ 'cAt). except when the 
supporting surface is wider on all sides than the loaded area, design bearing strength on the loaded 

area may be multiplied by jA 2/A 1 , but not more than 2. 

1910.15.2 This section does not apply to posttensioning anchorages. 

SECTION 1911 -SHEAR AND TORSION 

1911.0 Notations. 

~-
At 

Ag 
Ah 

At 
An 

Aps 
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= 

= 
= 

area of concrete section resisting shear transfer, square inches (mm2). 
area of reinforcement in bracket or corbel resisting factored moment [\!,. a + Nuc (h-d)], 
square inches (mm2). 

gross area of section, square inches (mm2). 
area of shear reinforcement parallel to flexural tension reinforcement, square inches 
(mm2). 

total area of longitudinal reinforcement to resist torsion, square inches (mm2). 

area of reinforcement in bracket or corbel resisting tensile force Nuc• square inches (mm2). 

area of prestressed reinforcement in tension zone, square inches (mm2) 
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As area of nonprestressed tension reinforcement, square inches (mm2~. 
A, = area of one leg of a closed stirrup resisting torsion within a distance s, square inches 

(mm2). 

Av = area of shear reinforcement within a distance s, or area of shear reinforcement perpendic-
ular to flexural tension reinforcement within a distance s for deep flexural members, 
square inches (mm2). 

Avf = area of shear-friction reinforcement, square inches (mm2). 

Avh = area of shear reinforcement parallel to flexural tension reinforcement within a distances2, 
square inches (mm2). 

a shear span, distance between concentrated load and face of supports. 
b width of compression face of member, inches (mm). 

bo perimeter of critical section for slabs and footings, inches (mm). 

b, width of that part of cross section containing the closed stirrups re:;isting torsion. I 
hw web width, or diameter of circular section, inches (mm). • c, factor relating shear and torsional stress properties. 

b...,.d 
L'xzy 

ct size of rectangular or equivalent rectangular column, capital or bracket measured in the 
direction of the span for which moments are being determined, inches (mm). 

C2 size of rectangular or equivalent rectangular column, capital or bracket measured trans-
verse to the direction of the span for which moments are being dete1mined, inches (mm). 

d distance from extreme compression fiber to centroid of longitudinal tension reinforce-
ment, but need not be less than 0.80h for prestressed members, inchf:s (mm). (For circular 
sections, d need not be less than the distance from extreme compre~.sion fiber to centroid 
of tension reinforcement in opposite half of member.) 

!~ = specified compressive strength of concrete, pounds per square inch (MPa). 

jf; square root of specified compressive strength of concrete, pounds p<!r square inch (MPa). 

let average splitting tensile strength of lightweight aggregate concrete, pounds per square 
inch (MPa). 

!d stress due to unfactored dead load, at extreme fiber of section ow here tensile stress is 
caused by externally applied loads, pounds per square inch (MPa) 

fPc compressive stress in concrete (after allowance for all prestress losses) at centroid of cross 
section resisting externally applied loads or at junction of web and flange when the cen-
troid lies within the flange, pounds per square inch (MPa). (In a composite member,fPc is 
resultant compressive stress at centroid of composite section, or a1 junction of web and 
flange when the centroid lies within the flange, due to both prestress and moments resisted 
by precast member acting alone.) 

/pe = compressive stress in concrete due to effective prestress forces only (after allowance for 
all prestress losses) at extreme fiber of section where tensile stress i~ caused by externally 
applied loads, pounds per square inch (MPa). 

/pu specified tensile strength of prestressing tendons, pounds per square inch (MPa). 

/y specified yield strength of nonprestressed reinforcement, pounds per square inch (MPa). 
h = overall thickness of member, inches (mm). 

hv = total depth of shearhead cross section, inches (mm). 

hw = total height of wall from base to top, inches (mm). 

I = moment of inertia of section resisting externally applied factored I oads. 
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ln 

lv 

lw 
Mer 

Mm 

= 
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clear span measured face to face of supports. 
length of shearhead arm from centroid of concentrated load or reaction, inches (mm). 
horizontal length of wall, inches (mm). 
moment causing flexural cracking at section due to externally applied loads. See Section 
1911.4.2.1. 
modified moment. 

Mmax = maximum factored moment at section due to externally applied loads. 
required plastic moment strength of shearhead cross section. Mp 

Mu 

Mv 
Nu 

Nuc 

s 

St 

S2 

1'c 
Tn 

Ts 

Tu 
Vc 

Vci 

Yew 

vd 
V; 

Vn 
Vp 

V:r 
Vu 

Vn 
X 

Xt 

y 

Yl 

Yt 

= 

= 

factored moment at section. 
moment resistance contributed by shearhead reinforcement. 
factored axial load normal to cross section occurring simultaneously with Vu; to be taken 
as positive for compression, negative for tension, and to include effects of tension due to 
creep and shrinkage. 
factored tensile force applied at top of bracket or corbel acting simultaneously with Vu to 
be taken as positive for tension. 
spacing of shear or torsion reinforcement in direction parallel to longitudinal reinforce­
ment, inches (mm). 
spacing of vertical reinforcement in wall, inches (mm). 
spacing of shear or torsion reinforcement in direction perpendicular to longitudinal rein­
forcement--or spacing of horizontal reinforcement in wall, inches (mrr,). 

= nominal torsional moment strength provided by concrete. 
nominal torsional moment strength. 
nominal torsional moment strength provided by torsion reinforcement. See Section 
1911.6.9.1. 
factored torsional moment at section. 

= nominal shear strength provided by concrete. 
nominal shear strength provided by concrete when diagonal cracking results from com­
bined shear and moment. 
nominal shear strength provided by concrete when diagonal cracking results from exces­
sive principal tensile stress in web. 
shear force at section due to unfactored dead load. 
factored shear force at section due to externally applied loads occurring simultaneously 
withMmax· 

= nominal shear strength. 
vertical component of effective prestress force at section. 
nominal shear strength provided by shear reinforcement. 

factored shear force at section. 
= nominal shear stress, pounds per square inch (MPa). 
= shorter overall dimension of rectangular part of cross section. 
= shorter center-to-center dimension of closed rectangular stirrup. 
= longer overall dimension of rectangular part of cross section. 

longer center-to-center dimension of closed rectangular stirrup. 
distance from centroidal axis of gross section, neglecting reinforcement, to extreme fiber 
in tension. 

a = angle between included stirrups and longitudinal axis of member. 
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Of = 
Us = 
<lt 
CXv 

~c 
~d 
Y! = 

Yv 

11 

Jl 
A. 
p 

Ph = 
Pn 
Pw 

angle between shear-friction reinforcement and shear plane. 

constant used to compute Vc in slabs. 
coefficient as a function of YIIXJ. See Section 1911.6.9.1. 
ratio of stiffness of shearhead arm to surrounding composite slab section. 
ratio of long side to short side of concentrated load or reaction area. 

constant used to compute Vc in prestressed slabs. 
fraction of unbalanced moment transferred by flexure at slab-column connection. See 
Section 1913.3.4. 
fraction of unbalanced moment transferred by eccentricity of shea1 at slab-column con­
nections. See Section 1911.12.6.1. 

1 -Y!· 
number of identical arms of shearhead. 

coefficient of friction. See Section 1911.7.4.3. 

correction factor related to unit weight of concrete. 
ratio of non prestressed tension reinforcement. 

Aslbd. 
ratio of horizontal shear reinforcement area to gross concrete area of vertical section. 
ratio of vertical shear reinforcement area to gross concrete area of horizontal section. 

A.Jbwd. 

~x2y torsional section properties. See Sections 1911.6.1.1 and 1911.6.1.2. 

<1> = strength-reduction factor. See Section 1909.3. 

1911.1 Shear Strength. 

1911.1.1 Design of cross sections subject to shear shall be based on 

Vu :5 </JVn (11-l) 

where Vu is factored shear force at section considered and Vn is nominal shear strength computed by 

Vn = Vc + V,, (11-2) 

where Vc is nominal shear strength provided by concrete in accordance with Section 1911.3 or Sec­
tion 1911.4, and Vs is nominal shear strength provided by shear reinforcement in accordance with 
Section 1911.5.6. 

I 

1911.1.1.1 In determining shear strength Vn, the effect of any openings in members shall be con- I 
sidered. 

1911.1.1.2 In determining shear strength Vc, whenever applicable, effects of axial tension due to 
creep and shrinkage in restrained members shall be considered and effects of inclined flexural 
compression in variable-depth members may be included. 

1911.1.2 The values of [f; used in Section 1911 shall not exceed 100 psi (0.69 MPa). 

EXCEPTION: Values of ffc greater than 100 psi (0.69 MPa) is allowed in computing Vc, V ci and 1'<-w 
for reinforced or prestressed concrete beams and concrete joist construction having minimum web reinforce­
ment equal to f ~15,000 (f~/34.47) times, but not more than three times the amounts required by Sections 
1911.5.5.3, 1911.5.5.4and 1911.5.5.5. 

1911.1.3 Maximum factored shear force Vu at supports may be computed in accordance with this 
section when both of the following two conditions are satisfied: 

1. Support reaction, in direction of applied shear, introduces compression into the end regions of 
member, and 
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2. No concentrated load occurs between face of support and location of critical section defined 
in this section. 

1911.1.3.1 For nonprestressed members, sections located less than a distanced from face of sup­
port may be designed for the same shear Vu as that computed at a distance d. 

1911.1.3.2 For prestressed members, sections located less than a distance h/2 from face of sup­
port may be designed for the same shear Vu as that computed at a distance h/2. 

1911.1.4 For deep flexural members, brackets and corbels, walls and slabs and footings, the special 
provisions of Sections 1911.8 through 1911.12 shall apply. 

1911.2 Lightweight Concrete. 

1911.2.1 Provisions for shear strength Vc and torsional moment strength Tc apply tc• normal-weight 
concrete. When lightweight aggregate concrete is used, one of the following modifications shall 
apply: 

1911.2.1.1 When fer is specified and concrete is proportioned in accordance with Section 

1905.2, provisions for Vc and Tc shall be modified by substitutingfc1/6.7 (For SI: 1.8 /i':) for 

Jr:, but the value of fc1/6. 7 (For SI: 1.8 /i':) shall not exceed /i':. 

1911.2.1.2 Whenfc1 is not specified, all values of /i': affecting Vc, Tc and Mer sh1ll be multiplied 
by 0.75 for all-lightweight concrete and 0.85 for sand-lightweight concrete. Linear interpolation 
may be used when partial sand replacement is used. 

1911.3 Shear Strength Provided by Concrete for Nonprestressed Members. 

1911.3.1 Shear strength Vc shall be computed by provisions of Sections 1911.3.1.1 through 
1911.3.1.4 unless a more detailed calculation is made in accordance with Sectio11 1911.3.2. 

1911.3.1.1 For members subject to shear and flexure only, 

Vc = 2/i':bwd 

For SI: 

1911.3.1.2 For members subject to axial compression, 

Vc = 2 ( 1 + 2,0~0AJ /i':b,.d 

For SI: Vc = 0.166 ( 1 + 0.073 ~;) /i':bwd 

Quantity Nu!Ag shall be expressed in psi (MPa). 

(11-3) 

(11-4) 

1911.3.1.3 For members subject to significant axial tension, shear reinforcerrent shall be de­
signed to carry total shear. 

1911.3.1.4 At sections where factored torsional moment Tu exceeds •P (0.5 /i':J:x2y) 

[For SI: <1> (0.042 /i':J:x2y)], 

2/i':bwd 

[ 1 + (2.5c,tf] 

(11-5) 
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For SI: 

1911.3.2 Shear strength Vc may be computed by the more detailed cakulation of Sections 
1911.3.2.1 through 1911.3.2.3. 

1911.3.2.1 For members subject to shear and flexure only, 

For SI: 

V,. = ( 1.9 yf';: + 2, 500pw ~~) bwd 

Vc = ( 0.158 yf';: + 17.lpw ~~) b,..d 

(11-6) 

but not greater than 3.5 yf';: b,..d (For SI: 0.29 yf';: bwd). Quantity Vud!Mu shall not be taken greater 
than 1.0 in computing Vc by Formula (11-6), where Mu is factored moment occurring simultaneous­
ly with Vu at section considered. 

1911.3.2.2 For members subject to axial compression, Formula ( 11-6) rna:; be used to compute 
Vc with Mm substituted for Mu and VudiMu not then limited to 1.0, where 

Mm = Mu Nu (4h; d) (11-7} 

However, Vc shall not be taken greater than 

(11-8) 

For SI: V,. = 0.29 yf';: bwd j 1 + 0.29 ~; 
Quantity NuiAg shall be expressed in psi (MPa). When Mm as computed by Formula (11-7) is neg­
ative, Vc shall be computed by Formula ( 11-8). 

1911.3.2.3 For members subject to significant axial tension, 

Vc = 2 ( 1 + 5~AJ yf';:bw 

ForSI: Vc = 0.166 ( 1 + 0.29 ~;) yf';:bwd 

where Nu is negative for tension. Quantity NuiAg shall be expressed in psi (MPa). 

1911.4 Shear Strength Provided by Concrete for Prestressed Members. 

(11-9) 

1911.4.1 For members with effective prestress force not less than 40 percent of the tensile strength 
of flexural reinforcement, unless a more detailed calculation is made in accordance with Section 
1911.4.2. 

For SI: 

( 0.6 vf':: + 700 ~~) bwd 

( 0.05 jf; + 4.8 ~~) bwtf 

(11-10) 

2-177 



1911.4.1-1911.4.4 1994 UNIFORM BUILDING CODE 

but Vc need not be taken less than 2 ffc b..,d (For SI: 0.166 ffc b,d) nor shall Vc he taken greater 

than 5 ffc bwd (For SI: 0.42 ffc bwd) or the value given in Section 1911.4.3 or 1911.4.4. The 
quantity Vud!Mu shall not be taken greater than 1.0, where Mu is factored moment cccurring simul­
taneously with Vu at section considered. When applying Formula (11-10), din the term Vud!Mu shall 
be the distance from extreme compression fiber to centroid of prestressed reinfor,:ement. 

1911.4.2 Shear strength Vc may be computed in accordance with Sections 1911.4.2.1 and 
1911.4.2.2 where Vc shall be the lesser of Vci or Vcw· 

1911.4.2.1 Shear strength Vci shall be computed by 

For SI: 

but Vci need not be taken less than 1. 7 ffc bwd (0.14 ffc b..,d), where 

For SI: 

Mer = (ljy,) (6 ffc + fpe - Jd) 

Mer = (ljy,) (0.5 ffc + fpe - Jd) 

(11-11) 

(11-12) 

and values of Mmax and V; shall be computed from the load combination causint maximum mo­
ment to occur at the section. 

1911.4.2.2 Shear strength Vcw shall be computed by 

Vcw = (3.5 ffc + 0.3Jpc) bwd + Vp (11-13) 

For SI: 

Alternatively, Vcw may be computed as the shear force corresponding to dead lmd plus live load 

that results in a principal tensile stress of 4 ffc (For SI: 0.33 ffc) at centroidal axis of member, 
or at intersection of flange and web when centroidal axis is in the flange. In composite members, 
principal tensile stress shall be computed using the cross section that resists Jive load. 

1911.4.2.3 In Formulas (11-11) and (11-13), d shall be the distance from extreme compression 
fiber to centroid of prestressed reinforcement or 0.8h, whichever is greater. 

1911.4.3 In a pretensioned member in which the section at a distance h/2 from face of support is 
closer to end of member than the transfer length of the prestressing tendons, the reduced prestress 
shall be considered when computing Vcw· This value of Vcw shall also be taken ~.s the maximum 
limit for Formula ( 11-1 0). Prestress force may be assumed to vary linearly from zero at end of ten­
don to a maximum at a distance from end of tendon equal to the transfer length, assumed to be 50 
diameters for strand and 100 diameters for single wire. 

1911.4.4 In a pretensioned member where bonding of some tendons does not fxtend to end of 
member, a reduced prestress shall be considered when computing Vc in accordance with Section 
1911.4.1 or 1911.4.2. Value of Vcw calculated using the reduced prestress shall also be taken as the 
maximum limit for Formula (11-10). Prestress force due to tendons for which bonc:ing does not ex­
tend to end of member may be assumed to vary linearly from zero at the point al which bonding 
commences to a maximum at a distance from this point equal to the transfer length, assumed to be 
50 diameters for strand and 100 diameters for single wire. 
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1911.5 Shear Strength Provided by Shear Reinforcement. 

1911.5.1 Types of shear reinforcement. 

1911.5.1.1 Shear reinforcement may consist of: 

1. Stirrups perpendicular to axis of member. 

2. Welded wire fabric with wires located perpendicular to axis of member. 

1911.5.1.2 For nonprestressed members, shear reinforcement may also com;ist of: 

1. Stirrups making an angle of 45 degrees or more with longitudinal tem;ion reinforcement. 

2. Longitudinal reinforcement with bent portion making an angle of 30 degrees or more with 
the longitudinal tension reinforcement. 

3. Combination of stirrups and bent longitudinal reinforcement. 

4. Spirals. 

1911.5.2 Design yield strength of shear reinforcement shall not exceed 60,(1()0 psi ( 413.7 MPa). 

1911.5.3 Stirrups and other bars or wires used as shear reinforcement shall extend to a distance d 
from extreme compression fiber and shall be anchored at both ends according to Section 1912.13 to 
develop the design yield strength of reinforcement. 

1911.5.4 Spacing limits for shear reinforcement. 

1911.5.4.1 Spacing of shear reinforcement placed perpendicular to axis of member shall not ex­
ceed d/2 in nonprestressed members and et4)h in prestressed members or 24 inches (610 mm). 

1911.5.4.2 Inclined stirrups and bent longitudinal reinforcement shall be m spaced that every 
45-degree line, extending toward the reaction from middepth of member d/2 to longitudinal tension 
reinforcement, shall be crossed by at least one line of shear reinforcement. 

1911.5.4.3 When V~ exceeds 4 ffc b.,d (For SI: 0.33 ffc hwd), maximum 'pacings given in the 
paragraphs above shall be reduced by one half. 

1911.5.5 Minimum shear reinforcement. 

1911.5.5.1 A minimum area of shear reinforcement shall be provided in all reinforced concrete 
flexural members (prestressed and nonprestressed) where factored shear fore;! Vu exceeds one half 
the shear strength provided by concrete IJ>Vc, except: 

1. Slabs and footings. 

2. Concrete joist construction defined by Section 1908.11. 

3. Beams with total depth not greater than 10 inches (254 mm), two and one half times thickness 
of flange or one half the width of web, whichever is greater. 

1911.5.5.2 Minimum shear reinforcement requirements of Section 1911.5.:5.1 may be waived if 
shown by test that required nominal flexural and shear strengths can be developed when shear rein­
forcement is omitted. Such tests shall simulate effects of differential settlement, creep, shrinkage 
and temperature change, based on a realistic assessment of such effects occ Jrring in service. 

1911.5.5.3 Where shear reinforcement is required by Section 1911.5.5.1 or by analysis, and where 

factored torsional moment Tu does not exceed <j> (0.5 ffc~x2y) [For SI: <j> (0.042 ffcJ:x 2y) ], 
minimum area of shear reinforcement for prestressed (except as provided in Section 1911.5.5.4) 
and nonprestressed members shall be computed by 

A = 50bws 
v /y (11-14) 
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For SI: 

where hw and s are in inches. 

1911.5.5.4 For prestressed members with effective prestress force not less than 43 percent of the 
tensile strength of flexural reinforcement, the area of shear reinforcement shall not be less than the 
smaller Av, computed by Formula (11-14) or (11-15). 

A = Aps /pu §_ {j_ (11-15) 
v 80 Jv d y bw 

1911.5.5.5 Where factored torsional moment Tu exceeds <j> (0.5jj';J:x2y) [For SI: 

<j> (0.042jj';J:x2y)], and where web reinforcement is required by Section 1911.5. 5.1 or by analy­
sis, minimum area of closed stirrups shall be computed by 

Av + 2A 1 = 50bws (11-16) 
fv 

For SI: 

1911.5.6 Design of shear reinforcement. 

1911.5.6.1 Where factored shear force Vu exceeds shear strength <1> Vc, shear reinforcement shall be 
provided to satisfy Formulas (11-1) and (11-2), where shear strength Vs shall be computed in accor­
dance with Sections 1911.5.6.2 through 1911.5.6.8. 

1911.5.6.2 When shear reinforcement perpendicular to axis of member is used, 

AJp 7 V., = -s·- (11-1 ) 

where Av is the area of shear reinforcement within a distances. 

1911.5.6.3 When inclined stirrups are used as shear reinforcement, 
AJv (sin a + cos a)d 

Vs = . S (11-18) 

1911.5.6.4 When shear reinforcement consists of a single bar or a single group of parallel bars, all 
bent up at the same distance from the support, 

Vs = AJv sin a 
but not greater than 3jj';bwd (For SI: 0.25jj';bwd). 

(11-19) 

1911.5.6.5 When shear reinforcement consists of a series of parallel bent-up bars or groups of par­
allel bent-up bars at different distances from the support, shear strength V:~ shall :>e computed by 
Formula (11-18). 

1911.5.6.6 Only the center three fourths of the inclined portion of any longitudinal bent bar shall be 
considered effective for shear reinforcement. 

1911.5.6. 7 Where more than one type of shear reinforcement is used to reinforce 1.he same portion 
of a member, shear strength Vs shall be computed as the sum of the V:~ values computed for the vari­
ous types. 

1911.5.6.8 Shear strength Vs shall not be taken greater than 8jj'; hwd (For SI: 0.66jj'; bwd). 

1911.6 Combined Shear and Torsion Strength for Nonprestressed Members with Rectangu­
lar or Flanged Sections. 

1911.6.1 Torsion effects shall be included with shear and flexure where factored torsional moment 

Tu exceeds <j> (0.5jj';J:x2y) [For SI: <j> (0.042jj';J:x2y)]. Otherwise, torsion effects may bene­
glected. 
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1911.6.1.1 For members with rectangular or flanged sections, the sum .l'x2y shall be taken for the 
component rectangles of the section, but the overhanging flange width usf d in design shall not 
exceed three times the flange thickness. 

1911.6.1.2 A rectangular box section may be taken as a solid section, provided wall thickness h 
is at least x/4. A box section with wall thickness less than x/4 but greater than x/1 0 may also be 
taken as a solid section, except that .l'x2y shall be multiplied by 4hlx. When his less than x/10, 
stiffness of wall shall be considered. Fillets shall be provided at interior comers of all box sec­
tions. 

1911.6.2 If the factored torsional moment Tu in a member is required to maintain equilibrium, the 
member shall be designed to carry that torsional moment in accordance with Sections 1911.6.4 
through 1911.6.9. 

1911.6.3 In a statically indeterminate structure where reduction of torsional moment in a member 
can occur due to redistribution of internal forces, maximum factored torsional moment Tu may be 

reduced to <1> (4 ffc.l'x2y/3) [For SI: <j> (0.33 ffc.l'x2y/3)]. 

1911.6.3.1 In such a case, the correspondingly adjusted moments and shears in adjoining mem­
bers shall be used in design. 

1911.6.3.2 In lieu of more exact analysis, torsional loading from a slab shal be taken as uniform­
ly distributed along the member. 

1911.6.4 Sections located less than a distanced from face of support may be designed for the same 
torsional moment Tu as that computed at a distance d. If a concentrated torque occurs within this 
distance, the critical section for design shall be at the face of the support. 

1911.6.5 Torsional moment strength. Design of cross sections subject to tonion shall be based on 

Tu $ </JTn (11-20) 
Where Tu is factored torsional moment at section considered and Tn is nominal torsional moment 
strength computed by 

Tn = Tc + Ts (11-21) 
where Tc is nominal torsional moment strength provided by concrete in accordance with Section 
1911.6.6 and Ts is nominal torsional moment strength provided by torsion reinforcement in accor­
dance with Section 1911.6.9. 

1911.6.6 Torsional moment strength provided by concrete. 

1911.6.6.1 Torsional moment strength Tc shall be computed by 

Tc = 

For SI: 

0.8 ffc.l'x 2y 
2 

1 + (0.4Vu) 
C1Tu 

2 

1 + (0.4Vu) 
C1Tu 

(11-22) 

1911.6.6.2 For members subject to significant axial tension, torsion reinforcement shall be de­
signed to carry the total torsional moment, unless a more detailed calculation is made in which Tc is 
given by Formula (11-22) and Vc given by Formula (11-5) shall be multiplir!d by (1 + Nui500Ag) 
[For SI: (1 + 0.29 Nu/A 8>], where Nu is negative for tension. 
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1911.6.7 Torsion reinforcement requirements. 

1911.6.7.1 Torsion reinforcement, where required, shall be provided in addition to reinforcement 
required to resist shear, flexure and axial forces. 

1911.6.7.2 Reinforcement required for torsion may be combined with that required for other 
forces, provided the area furnished is the sum of individually required areas and the most restrictive 
requirements for spacing and placement are met. 

1911.6.7.3 Torsion reinforcement shall consist of closed stirrups, closed ties or spirals, combined 
with longitudinal bars. 

1911.6.7.4 Design yield strength of torsion reinforcement shall not exceed 60.000 psi (413.7 
MPa). 

1911.6.7.5 Stirrups and other bars and wires used as torsion reinforcement shall extend to a dis­
tance d from extreme compression fiber and shall be anchored according to Section 1912.13 to de­
velop the design yield strength of reinforcement. 

1911.6.7.6 Torsion reinforcement shall be provided at least a distance (b1 + d) b~yond the point 
theoretically required. 

1911.6.8 Spacing limits for torsion reinforcement. 

1911.6.8.1 Spacing of closed stirrups shall not exceed the smaller of (x1 + YJ)/4 o· 12 inches (305 
mm). 

1911.6.8.2 Spacing of longitudinal bars, not less than No. 3, distributed around the perimeter of the 
closed stirrups, shall not exceed 12 inches (305 mm). At least one longitudinal bar shall be placed in 
each comer of the closed stirrups. 

1911.6.9 Design of torsion reinforcement. 

1911.6.9.1 Where factored torsional moment Tu exceeds torsional moment strength <\>Tc, torsion 
reinforcement shall be provided to satisfy Formulas (11-20) and (11-21), where tc,rsional moment 
strength J;,. shall be computed by 

A,a,xl Ytfv T., = s . (11-23) 

whereA1 is the area of one leg of a closed stirrup resisting torsion within a distances, and a 1 = [0.66 
+ 0.33 (yJIXJ)] but not more than 1.50. Longitudinal bars distributed around the perimeter of the 
closed stirrups A1 shall be provided in accordance with Section 1911.6.9.3. 

1911.6.9.2 A minimum area of closed stirrups shall be provided in accordance with Section 
1911.5.5.5. 

1911.6.9.3 Required area of longitudinal bars A1 distributed around the perimeter c f the closed stir­
rups A1 shall be computed by 

A = 2A (xt + Yt) e t s (11-24) 

or by 

Ae = [400xs ( Tu 2) 2A,] (Xt ~ Yt) 
fv Tu + 3C 

t 

(11-25) 

For SI: Ae = [2.76xs ( T. 
2

) 2A,] (xt ~ Yt) 
/y T. + 3C 

t 
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whichever is greater. Value of At computed by Formula (11-25) need not exceed that obtained by 
substituting 

For SI: 0.34bws c 2A 
-r10r 1 

1911.6.9.4 Torsional moment strength 1's shall not exceed 4 'fc. 

1911.7 Shear-friction. 

1911.7.1 The following provisions shall be applied where it is appropriate to consider shear trans­
fer across a given plane, such as an existing or potential crack, an interface between dissimilar ma­
terials, or an interface between two concretes cast at different times. 

1911.7.2 Design of cross sections subject to shear transfer as described in Section 1911.7 shall be 
based on Formula (11-1) where Vn is calculated in accordance with provision:; of Section 1911.7.3 
or 1911.7.4. 

1911.7.3 A crack shall be assumed to occur along the shear plane considered. Required area of 
shear-friction reinforcement Avf across the shear plane may be designed using either Section 
1911.7.4 or any other shear transfer design methods that result in prediction of strength in substan­
tial agreement with results of comprehensive tests. 

1911.7.3.1 Provisions of Sections 1911.7.5 through 1911.7.10 shall apply for all calculations of 
shear transfer strength. 

1911.7.4 Shear-friction design methods. 

1911.7.4.1 When shear-friction reinforcement is perpendicular to shear pine, shear strength Vn 
shall be computed by 

Vn = AvJf,.fl (11-26) 

where J.l is coefficient of friction in accordance with Section 1911.7.4.3. 

1911.7.4.2 When shear-friction reinforcement is inclined to shear plane such that the shear force 
produces tension in shear-friction reinforcement, shear strength Vn shall be .;omputed by 

v. = Avffy{fl sin a 1 + cos a 1) (11-27) 

where <XJ is angle between shear-friction reinforcement and shear plane. 

1911.7.4.3 Coefficient of friction J.l in Formula (11-26) and Formula (11-27) shall be 

Concrete placed monolithically 

Concrete placed against hardened concrete with surface 
intentionally roughened as specified in Section 1911.7.9 

Concrete placed against hardened concrete not 
intentionally roughened 

Concrete anchored to as-rolled structural steel 
by headed studs or by reinforcing bars 
(see Section 1911.7.10) 

1.4A. 

l.OA. 

0.6A. 

o.n 
where A= 1.0 for normal-weight concrete, 0.85 for sand-lightweight concrete and 0.75 for 
all-lightweight concrete. Linear interpolation may be applied when partial sand replacement 
is used. 
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1911.7.5 Shear strength Vn shall not be taken greater than 0.2f'cAc or 800 Ac in pounds (5.5 Ac in 
newtons), where Ac is area of concrete section resisting shear transfer. 

1911.7.6 Design yield strength of shear-friction reinforcement shall not exceed 60,000 psi ( 413.7 
MPa). 

1911.7.7 Net tension across shear plane shall be resisted by additional reinforcerr.ent. Permanent 
net compression across shear plane may be taken as additive to the force in the shear-friction rein­
forcement AvJh when calculating required AvJ· 

1911.7.8 Shear-friction reinforcement shall be appropriately placed along the shea· plane and shall 
be anchored to develop the specified yield strength on both sides by embedment, hooks or welding 
to special devices. 

1911.7.9 For the purpose of Section 1911.7, when concrete is placed against prev: ously hardened 
concrete, the interface for shear transfer shall be clean and free of laitance. If!! is a>sumed equal to 
LOA., interface shall be roughened to a full amplitude of approximately 1/4 inch (6.4 mm). 

1911.7.10 When shear is transferred between as-rolled steel and concrete using headed studs or 
welded reinforcing bars, steel shall be clean and free of paint. 

1911.8 Special Provisions for Deep Flexural Members. 

1911.8.1 Provisions of this section shall apply for members with lnld less than 5 that are loaded on 
one face and supported on the opposite face so that the compression struts can develop between the 
loads and the supports. See also Section 1912.10.6. 

1911.8.2 The design of simple supported deep flexural members for shear shalll:e based on For­
mulas (11-1) and (11-2), where shear strength Vc shall be in accordance with Sec:ion 1911.8.6 or 
1911.8.7, and shear strength Vs shall be in accordance with Section 1911.8.8. 

1
1911.8.3 The design of continuous deep flexural members for shear shall be ba>ed on Sections 
1911.1 through 1911.5 with Section 1911.8.5 substituted for Section 1911.1.3, or 011 methods satis­
fying equilibrium and strength requirements. In either case, the design shall also satisfy Sections 
1911.8.4, 1911.8.9 and 1911.8.10. 

1911.8.4 Shear strength Vn for deep flexural members shall not be taken greater than 8 .ff'c bwd 

(For SI: 0.66 .ff'c b,..d) when lnld is less than 2. When lnld is between 2 and 5, 

Vn = ~ ( 10 + ~) ./f'cbwd (11-28) 

For SI: Vn = 0.055 ( 10 + ~) ./f'cbwd 

1911.8.5 Critical section for shear measured from face of support shall be taken at a distance 0.15/n 
for uniformly loaded beams and 0.50a for beams with concentrated loads, but not greater than d. 

1911.8.6 Unless a more detailed calculation is made in accordance with Section 1911.8.7. 

vc = 2./f'cbwd (11-29) 

For SI: Vc = 0.166 ./f'c bwd 

1911.8.7 Shear strength Vc may be computed by 

Vc = ( 3.5 2.5 ~d ) ( 1.9 ffc + 2, 500pw ~~) bwd (11-30) 

ForSI: Vc (3.5 2.5 ~d)(o.16./f'c + 11.2pw~~)b,..d 
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except that the term 

(3.5 - 2.5 ~d) 
shall not exceed 2.5, and Vc shall not be taken greater than 6 ffc b,.d (For Sl: 0.5 ffc b..,d). Mu is 
factored moment occurring simultaneously with Vu at the critical sectior defined in Section 
I9Il.8.5. 

1911.8.8 Where factored shear force Vu exceeds shear strength <I>Vc, shear reinforcement shall be 
provided to satisfy Formulas (11-1) and (11-2), where shear strength Vs shall be computed by 

V,, = ~v T + S~h I2 d fvd 
[ (

I + !!!.) A (II - !!!.) ] (li-3I) 

where Av is area of shear reinforcement perpendicular to flexural tension re' nforcement within a 
distances, andAvh is area of shear reinforcement parallel to flexural reinforcement within a distance 
S2. 

1911.8.9 Area of shear reinforcement Av shall not be less than O.OOI5 bws, and s shall not exceed 
d/5 or 18 inches (457 mm). 

1911.8.10 Area of horizontal shear reinforcement Avh shall not be less thar 0.0025 hws2, and s2 
shall not exceed d/3 or 18 inches (457 mm). 

1911.8.11 Shear reinforcement required at the critical section defined in Section 19II.8.5 shall be 
used throughout the span. 

1911.9 Special Provisions for Brackets and Corbels. 

1911.9.1 The following provisions apply to brackets and corbels with a shear span-to-depth ratio 
aid not greater than unity, and subject to a horizontal tensile force Nuc not larg,~r than Vu. Distanced 
shall be measured at face of support. 

1911.9.2 Depth at outside edge of bearing area shall not be less than 0.5d. 

1911.9.3 Section at face of support shall be designed to resist simultaneously a shear Vu, a moment 
[Vua + Nuc (h- d)], and a horizontal tensile force Nuc· 

1911.9.3.1 In all design calculations in accordance with Section I9Il.9, strength-reduction fac­
tor cj> shall be taken equal to 0.85. 

1911.9.3.2 Design of shear-friction reinforcement AvJ to resist shear Vu shall be in accordance 
with Section I9Il.7. 

1911.9.3.2.1 For normal-weight concrete, shear strength Vn shall not be taken greater than 
0.2f 'chwd nor 800 hwd in pounds (5.5 hwd in newtons). 

1911.9.3.2.2 For all lightweight or sand-lightweight concrete, shear strength Vn shall not be 
taken greater than (0.2- O.D7 a/d)f'chwd or (800- 280 a/d) bwd in pounds [(5.5- 1.9 aid) bwd 
in newtons]. 

1911.9.3.3 Reinforcement AJ to resist moment [Vua + Nuc (h-d)] shall be computed in accor­
dance with Sections I910.2 and I910.3. 

1911.9.3.4 Reinforcement An to resist tensile force Nuc shall be determined from Nuc :5 <j>Anfy· 
Tensile force Nuc shall not be taken less than 0.2 Vu unless special provisions are made to avoid 
tensile forces. Tensile force Nuc shall be regarded as a live load even when tension results from 
creep, shrinkage or temperature change. 
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1911.9.3.5 Area of primary tension reinforcement As shall be made equal to the greater of (At+ 
An) or (2Avtf3 +An). 

1911.9.4 Closed stirrups or ties parallel to As, with a total area An not less than 0.5 (As-An), shall be 
uniformly distributed within two thirds of the effective depth adjacent to A.1 .• 

1911.9.5 Ratio p = Aslbd shall not be less than 0.04 if 'c/fy). 

1911.9.6 At front face of bracket or corbel, primary tension reinforcement As shall be anchored by 
one of the following: (1) by a structural weld to a transverse bar of at least equal .>ize; weld to be 
designed to develop specified yield strength.fv of As bars; (2) by bending primary tension bars As 
back to form a horizontal loop; or (3) by sorrie other means of positive anchorage. 

1911.9.7 Bearing area of load on bracket or corbel shall not project beyond straigt t portion of pri­
mary tension bar As, or project beyond interior face of transverse anchor bar (if one is provided). 

1911.10 Special Provisions for Walls. 

1911.10.1 Design for shear forces perpendicular to face of wall shall be in accordance with provi­
sions for slabs in Section 1911.12. Design for horizontal shear forces in plane of wall shall be in 
accordance with Section 1911.10.2 through 1911.1 0.8. 

1911.10.2 Design of horizontal section for shear in plane of wall shall be based on Formulas ( 11-1) 
and (11-2), where shear strength Vc shall be in accordance with Section 1911.10.5 N 1911.10.6 and 
shear strength Vr shall be in accordance with Section 1911.10.9. 

1911.10.3 Shear strength Vn at any horizontal section for shear in plane of wall shall not be taken 

greater than 10 Jf: hd (For SI: 0.83 Jf: hd). 

1911.10.4 For design for horizontal shear forces in plane of wall, d shall be taken equal to 0.8 lw. A 
larger value of d, equal to the distance from extreme compression fiber to center of force of all rein­
forcement in tension may be used when determined by a strain compatibility analysis. 

1911.10.5 Unless a more detailed calculation is made in accordance with Section 1911.10.6, shear 

strength Vc shall not be taken greater than 2 /f: hd (For SI: 0.166 /f: hd) for walls subject to Nu in 
compression, or Vc shall not be taken greater than the value given in Section 1911.3.2.3 for walls 
subject to Nu in tension. 

1911.10.6 Shear strength Vc may be computed by Formulas (11-32) and (11-33), where Vc shall be 
the lesser of Formula (11-32) or (11-33). 

vc = 3.3 If: hd + ~~d 
w 

(11-32) 

For SI: 
vc = 0.27 If: hd + ~~~ 

or 

[ 

!£1 lw( 1.25 /1': + 0.2 1~ )] 

0.6 vf 1

c + Mu lw hd 
Vu - T 

(11-33) 

For SI: 
[ 

!£1 lw( 0.10 /1': + 0.2 ;;)] 
Vc = 0.05 JJ'c + M 1 hd 

u w 
Vu - T 

where Nu is negative for tension. When (MuiVu -lw/2) is negative, Formula ( 11-33) shall not apply. 

1911.10.7 Sections located closer to wall base than a distance lw/2 or one half the wall height, 
whichever is less, may be designed for the same Vc as that computed at a distance lw/2 or one half the 
height. 
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1911.10.8 When factored shear force Vu is less than 'i>Vc/2, reinforcement shnll be provided in ac­
cordance with Section 1911.10.9 or in accordance with Section 1914. When~· exceeds <J>Vc/2, wall 
reinforcement for resisting shear shall be provided in accordance with Section 1911.10.9. 

1911.10.9 Design of shear reinforcement for walls. 

1911.10.9.1 Where factored shear force Vu exceeds shear strength <J>Vc, horizontal shear reinforce­
ment shall be provided to satisfy Formulas ( 11-1) and ( 11-2), where shear strength V:, shall be com­
puted by 

(11-34) 

where Av is area of horizontal shear reinforcement within a distance sz and distance dis in accor­
dance with Section 1911.1 0.4. Vertical shear reinforcement shall be provided in accordance with 
Section 1911.10.9.4. 

1911.10.9.2 Ratio Ph of horizontal shear reinforcement area to gross concrete area of vertical sec­
tion shall not be less than 0.0025. 

1911.10.9.3 Spacing of horizontal shear reinforcement s2 shall not exceed V5, 3h or 18 inches 
(457 mm). 

1911.10.9.4 Ratio Pn of vertical shear reinforcement area to gross concrete area of horizontal sec­
tion shall not be less than 

Pn = 0.0025 + 0.5 ( 2.5 - ~:) (ph - 0.0025) (11-35) 

or 0.0025, but need not be greater than the required horizontal shear reinfor•:ement. 

1911.10.9.5 Spacing of vertical shear reinforcements, shall not exceed lw/3, 3h or 18 inches (457 
mm). 

1911.11 Transfer of Moments to Columns. 

1911.11.1 When gravity load, wind, earthquake or other lateral forces cause transfer of moment at 
connections of framing elements to columns, the shear resulting from moment transfer shall be con­
sidered in the design of lateral reinforcement in the columns. 

1911.11.2 Except for connections not part of a primary seismic load-resisting system that are re­
strained on four sides by beams or slabs of approximately equal depth, connections shall have later­
al reinforcement not less than that required by Formula (11-14) within the column for a depth not 
less than that of the deepest connection of framing elements to the colurr.ns. See also Section 
1907.9. 

1911.12 Special Provisions for Slabs and Footings. 

1911.12.1 The shear strength of slabs and footings in the vicinity of columns, concentrated loads or 
reactions is governed by the more severe of two conditions: 

1911.12.1.1 Beam action where each critical section to be investigated ext~nds in a plane across 
the entire width. For beam action the slab or footing shall be designed in accordance with Sec­
tions 1911.1 through 1911.5. 

1911.12.1.2 Two-way action where each of the critical sections to be im estigated shall be lo­
cated so that its perimeter, b0 , is a minimum, but need not approach closer than d/2 to: 

1. Edges or comers of columns, concentrated loads or reaction areas, or 

2. Changes in slab thickness such as edges of capitals or drop panels, or 

3. Outer limits of, or changes in, the slab or footing shear reinforcement. 
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For two-way action, the slab of footing shall be designed in accordance with Sections 
1911.12.2 through 1911.12.6. 

1911.12.1.3 For square or rectangular columns, concentrated loads or reactions areas, the criti­
cal sections may have four straight sides. 

1
1911.12.2 The design of a slab or footing for two-way action is based on FormL!las (11-1) and 
(11-2). Vc shall be computed in accordance with Section 1911.12.2.1, 1911.12.2.2 or 1911.12.3.1. 
Vs shall be computed in accordance with Section 1911.12.3. For slabs with shear ht ads, Vn shall be 
in accordance with Section 1911.12.4. When moment is transferred between a slah and a column, 
Section 1911.12.6 shall apply. 

1911.12.2.1 For nonprestressed slabs and footings, Vc shall be the smallest of: 

1. Vc = ( 2 + ;J ffcbod (11-36) 

For SI: v = c 0.083 ( 2 + ;J ffcb,d 

where ~c is the ratio of long side to short side of the column, concentrated load or reaction 
area 

2. Vc = ( ab,,~ + 2) ffcb,d (11-37) 

For SI: Vc = 0.083 ( ~'~ + 2) ffcbod 

where as is 40 for interior columns, 30 for edge columns and 20 for comer columns, and 

3. 

For SI: 

Vc = 4;7cb,d 

Vc = 0.33 ffc hod 

(11-38) 

1911.12.2.2 At columns of two-way prestressed slabs and footings that meet the requirements of 
Section 1918.9.3: 

(11-39) 

For Sl: Vc = (0.083 {Jp ffc + 0.3JPJ hod + VP 

where 13, is the smaller of 3.5 or (asdlb0 + 1.5), as is 40 for interior columns, 30 for edge columns 
and 20. lor comer columns, b0 is perimeter of critical section defined in Section 1911.12.1.2, /pc is 
the average value of fpc for the two directions, and Vp is the vertical component of all effective 
prestress forces crossmg the critical section. Vc may be computed by Formula (11-39) if the fol­
lowing are satisfied; otherwise, Section 1911.12.2.1 shall apply: 

1. No portion of the column cross section shall be closer to the discontinuou:; edge than four 
times the slab thickness, and 

2. f'c in Formula (11-39) shall not be taken greater than 5,000 psi (34.47 MPa), and 

3. /pc in each direction shall not be less than 125 psi (0.86 MPa), or be taken greater than 500 psi 
(3.45 MPa). 

1911.12.3 Shear reinforcement consisting of bars or wires is permitted in slabs and footings in ac­
cordance with the following: 

1911.12.3.1 Vn shall be computed by Formula (11-2), where Vc shall not be taken greater than 

2 ffc bod (For SI: 0.166 J7c b 0 d), and the required area of shear reinforcement Av and Vs shall be 
calculated in accordance with Section 1911.5 and anchored in accordance with Section 1912.13. 
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1911.12.3.2 Vn shall not be taken greater than 6 lfcbod (For SI: 0.50 ff~b0d). 
1911.12.4 Shear reinforcement consisting of steel 1- or channel-shaped sections (shearheads) is 
permitted in slabs. The provisions of Sections 1911.12.4.1 through 1911.12.4.9 shall apply where 
shear due to gravity load is transferred at interior column supports. Where moment is transferred to 
columns, Section 1911.12.6.3 shall apply. 

1911.12.4.1 Each shearhead shall consist of steel shapes fabricated by welding with a full pene­
tration weld into identical arms at right angles. Shearhead arms shall not be interrupted within the 
column section. 

1911.12.4.2 A shearhead shall not be deeper than 70 times the web thickness of the steel shape. 

1911.12.4.3 The ends of each shearhead arm may be cut at angles not Jess than 30 degrees with 
the horizontal, provided the plastic moment strength of the remaining tapered section is adequate 
to resist the shear force attributed to the arm of the shearhead. 

1911.12.4.4 All compression flanges of steel shapes shall be located within 0.3d of compression 
surface of slab. 

1911.12.4.5 The ratio <Xv between the stiffness of each shearhead arm and that of the surrounding 
composite cracked slab section of width (cz +d) shall not be less than 0.15. 

1911.12.4.6 The plastic moment strength Mp required for each arm of the shearhead shall be 
computed by 

(11-40) 

where <1> is the strength-reduction factor for flexure, 11 is the number of am1s, and lv is the mini­
mum length of each shearhead arm required to comply with requirements o' Section 1911.12.4.7 
and 1911.12.4.8. 

1911.12.4. 7 The critical slab section for shear shall be perpendicular to the plane of the slab and 
shall cross each shearhead arm at three fourths the distance [lv- (CJ /2)] from the column face to 
the end of the shearhead arm. The critical section shall be located so that its perimeter b0 is a mini­
mum, but need not be closer than the perimeter defined in Section 1911.12.1.2, Item 1. 

1911.12.4.8 Vn shall not be taken greater than 4 lfcbod (For SI: 0.33 jj~b0d), on the critical 
section defined in Section 1911.12.4. 7. When shearhead reinforcement is provided, Vn shall not 

be taken greater than 7 lfcbod (For SI: 0.58 lfcbod), on the critical sectiJn defined in Section 
1911.12.1.2, Item 1. 

1911.12.4.9 A shearhead may be assumed to contribute a moment resistance Mv to each slab col­
umn strip computed by 

M = if>avVu (l _ :J.) 
v 2~ v 2 (11-41) 

where <I> is the strength-reduction factor for flexure, 11 is the number of arms, and lv is the length of 
each shearhead arm actually provided. However, Mv shall not be taken larger than the smaller of: 

1. Thirty percent of the total factored moment required for each slab column strip, 

2. The change in column strip moment over the length fv, 
3. The value of Mp computed by Formula (11-40). 

1911.12.4.10 When unbalanced moments are considered, the shearhead must have adequate an­
chorage to transmit Mp to column. 
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1911.12.5 Opening in slabs. When openings in slabs are located at a distance le!.s than 10 times 
the slab thickness from a concentrated load or reaction area, or when openings in Hat slabs are lo­
cated within column strips as defined in Section 1913, the critical slab sections for :;hear defined in 
Section 1911.12.1.2 and Section 1911.12.4. 7 shall be modified as follows: 

1911.12.5.1 For slabs without shearheads, that part of the perimeter of the critical section that is 
enclosed by straight lines projecting from the centroid of the column, concentrated load or reac­
tion area and tangent to the boundaries of the openings shall be considered ineffective. 

1911.12.5.2 For slabs with shearheads, the ineffective portion of the perimeter !hall be one half 
of that defined in Section 1911.12.5.1. 

1911.12.6 Transfer of moment in slab-column connections. 

1911.12.6.1 When gravity load, wind, earthquake or other lateral forces cause transfer of unbal­
anced moment, Mu, between a slab and a column, a fraction yfMu of the unbalanced moment shall 
be transferred by flexure in accordance with Section 1913.3. The remainder of the Lin balanced mo­
ment given by Yv Mu shall be considered to be transferred by eccentricity of shear about the centroid 
of the critical section defined in Section 1911.12.1.2 where: 

y = 1 - 1 
v 1 + 2 I 3 jh,/b2 

(11-42) 

1911.12.6.2 The shear stress resulting from moment transfer by eccentricity of shear shall be as­
sumed to vary linearly about the centroid of the critical sections defined in Section 1911.12.1.2. The 
maximum shear stress due to the factored shear force and moment shall not exce•!d <Pvn: 

For members without shear reinforcement: 

ifJvn = ifJVj(b,d) 

where Vc is as defined in Section 1911.12.2.1 and 1911.12.2.2. 

For members with shear reinforcement other than shearheads: 

(11-43) 

(11-44) 

where Vc and Vf are defined in Section 1911.12.3. If shear reinforcement is provided, the design 
shall take into account the variation of shear stress around the column. 

1911.12.6.3 When shear reinforcement consisting of steel I- or channel-shaped sections (shear­
heads) is provided, the sum of the shear stresses due to vertical load acting on the critical section 
defined by Section 1911.12.4. 7 and the shear stresses resulting from moment transferred by eccen­
tricity of shear about the centroid of the critical section defined in Section 1911.12.1.2 shall not ex-

ceed ifJ4 /?: (For SI: ifJ0.33 /?:). 

SECTION 1912- DEVELOPMENT AND SPLICES OF REINFORCEME:NT 

1912.0 Notations. 

Ab = area of an individual bar, square inches (mm2). 

As 
Arr 

Av 

Aw 
a 

hw 
2-190 

= 

= 
= 

= 

area of nonprestressed tension reinforcement, square inches (mm2). 
total cross-sectional area of transverse reinforcement (stirrup or tie) within a spacings and 
perpendicular to plane of bars being spliced or developed, square inches (mm2). 
area of shear reinforcement within a distance s, square inches (mm2). 

area of an individual wire to be developed or spliced, square inches (mm2). 
depth of equivalent rectangular stress block as defined in Section 1910.2.7.1. 

web width, or diameter of circular section, inches (mm). 
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d 

db 

f'c 

fPc 
fct 

fr,s 
fse 

/y 
h 

la 
ld 

[db 

ldh 

lhb 

Mn 

N 
s 

Sw 

Vu 

~b 

= 

= 

= 

= 

= 
= 

distance from extreme compression fiber to centroid of tension reinforcement, inches 
(mm). 
nominal diameter of bar, wire or prestressing strand, inches (mm). 
specified compressive strength of concrete, pounds per square inct (MPa). 

square root of specified compressive strength of concrete, pounds pt:r square inch (MPa). 

average splitting tensile strength of lightweight aggregate concrete, pounds per square 
inch (MPa). 
stress in prestressed reinforcement at nominal strength, kips per square inch (MPa). 
effective stress in prestressed reinforcement (after allowance for all prestress losses), kips 
per square inch (MPa). 
specified yield strength of non prestressed reinforcement, pounds ptr square inch (MPa). 
overall thickness of member, inches (mm). 
additional embedment length at support or at point of inflection, ir.ches (mm). 
development length, inches (mm). 
ldb X applicable modification factors. 
basic development length, inches (mm). 
development length of standard hook in tension, measured from crit:cal section to outside 
end of hook [straight embedment length between critical section and start of hook (point 
of tangency) plus radius of bend and one bar diameter], inches (mm). 
lhb X applicable modification factors. 
basic development length of standard hook in tension, inches (mm). 
nominal moment strength at section, inch-pounds (N·m). 
A.JY(d- a/2). 
number of bars in a layer being spliced or developed at a critical S<!ction. 
spacing of stirrups or ties, inches (mm). 
spacing of wire to be developed or spliced, inches (mm). 
factored shear force at section. 
ratio of area of reinforcement cut off to total area of tension reinforcement at section. 

1912.1 Development of Reinforcement-General. 

1912.1.1 Calculated tension or compression in reinforcement at each section of reinforced con­
crete members shall be developed on each side of that section by embedment length, hook or me­
chanical device, or a combination thereof. Hooks may be used in developin~ bars in tension only. 

1912.1.2 The values of /1: used in Section 1912 shall not exceed 100 psi l 0.69 MPa). 

1912.2 Development of Deformed Bars and Deformed Wire in Tension. 

1912.2.1 Development length, IJ, in inches (mm), for deformed bars and deDJrmed wire in tension 
shall be computed as the product of the basic development length ldb of Section 1912.2.2 and the 
applicable modification factors of Sections 1912.2.3 through 1912.2.5, but ld shall not be less than 
12 inches (305 mm). 

1912.2.2 Basic development length ldb shall be: 

No. 11 bar and smaller and deformed wire 0.04Ab/y!)f',. * 
*The constant carries the unit of one/inch (one/mm). 

For SI: (0.019AJ.v) 

!Fe 
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No. 14 bar 0.085/y/ /J'c * * 

For SI: (Jt) 
No.l8bar 0.125/y/ /J'c * * 

For SI: C~) 
**The constant carries the unit of inch (mm). 

1912.2.3 To account for bar spacing, amount of cover and enclosing transverse reinforcement, the 
basic development length shall be multiplied by a factor from Section 1912.2.3.1, 1912.2.3.2 or 
1912.2.3.3, which may be modified by Sections 1912.2.3.4 and 1912.2.3.5, but shall not be less than 
provided by Section 1912.2.3.6. 

1912.2.3.1 For bars satisfying any one of the following conditions . . . . . . . . . . . . . . . . . . 1.0. 

I. Bars in beams or columns with (1) minimum cover not less than specified in Section 
1907.7.1, (2) transverse reinforcement satisfying tie requirements of Section 1907.10.5 or 
minimum stirrup requirements of Sections 1911.5.4 and 1911.5.5.3 along t:1e development 
length, and (3) clear spacing of not less than 3db. 

2. Bars in beams or columns with (1) minimum cover not less than specified in Section 
1907.7.1, and (2) enclosed within transverse reinforcement Atr, along the development 
length satisfying Formula (12-1 ). 

dbsN 
A,r ~ -:w-

where db is the diameter of the bar being developed. 

(12-l) 

3. Bars in the inner layer of slab or wall reinforcement and with clear spacing of not less than 
3db. 

4. Any bars with cover of not less than 2db and with clear spacing of not less than 3db. 

1912.2.3.2 For bars with cover of db or less or with clear spacing of 2db or less ....... 2.0. 

1912.2.3.3 For bars not included in Section 1912.2.3.1 or 1912.2.3.2 ................ 1.4. 

1912.2.3.4 For No. 11 bars and smaller with clear spacing not less than 5db and with cover from 
face of member to edge bar, measured in the plane of the bars, not less than 2.5db, the factors in 
Sections 1912.2.3.1 through 1912.2.3.3 may be multiplied by 0.8. 

1912.2.3.5 For reinforcement enclosed within spiral reinforcement not less tt an 1/4-inch (6.4 
mm) diameter and not more than 4 inches (1 02 mm) pitch, within No. 4 or larger circular ties 
spaced at not more than 4 inches (102 mm) on center, or within No.4 or larger ties or stirrups 
spaced not more than 4 inches (102 mm) on center and arranged such that alternate bars shall have 
support provided by the comer of a tie or hoop with an included angle of not more than 135 de­
grees, the factors in Sections 1912.2.3.1 through 1912.2.3.3, may be multiplied by 0.75. 

1912.2.3.6 The basic development length multiplied by the applicable factor of Sections 
1912.2.3.1 through 1912.2.3.3, with modifiers of Sections 1912.2.3.4 and 191:~.2.3.5, shall not 
be taken less than 

For SI: 
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1912.2.4 Basic development length ldb as modified by Section 1912.2.3 shall also be multiplied by 
applicable factor or factors for: 

1912.2.4.1 Top reinforcement. Horizontal reinforcement so placed that more than 12 inches 
(305 mm) of fresh concrete is cast in the member below the developmen1 length 

or splice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.3 

1912.2.4.2 Lightweight aggregate concrete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.3 

Or when ft., is specified . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.7 ffc /fc, (For SI: 0.56 ffc /fc,) 
but not less than 1.0. 

1912.2.4.3 Epoxy-coated reinforcement. Bars with cover less than 3db or clear spacing 
between bars less than 6db . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.5 
All other conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.2 

The product of the factor for top reinforcement of Section 1912.2.4.1 and the factor for 
epoxy-coated reinforcement of this section need not be taken greater than 1.7. 

1912.2.5 Excess reinforcement. Development length may be reduced where reinforcement in a 
flexural member is in excess of that required by analysis except where anchc•rage or development 
for fv is specifically required or the reinforcement is designed under pmvisions of Section 
192i .2.1.4 ............................................. [(As req1ired)/(A.1. provided)] 

1912.3 Development of Deformed Bars in Compression. 

1912.3.1 Development length ld, in inches, for deformed bars in compression shall be computed as 
the product of the basic development length ldb and applicable modification factors as defined in 
this section, but ld shall not be less than 8 inches (203 mm). 

1912.3.2 Basic development length ldb shall be . . . . . . . 0.02ddy/ ffc (For SI: 0.24dhfv/ ffc) 
but not less than ...................................... 0.0003dbh (For SI: 0.044 db/y) 

1912.3.3 Basic development length ldb may be multiplied by applicable factors for: 

1912.3.3.1 Excess reinforcement. Reinforcement in excess of that required 
by analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (As required)/(A,. provided) 

1912.3.3.2 sr,irals and ties. Reinforcement enclosed within spiral reinf<>rcement 
not less than /4-inch (6.4 mm) diameter and not more than 4-inch (102 mm) pitch 
or within No.4 ties in conformance with Section 1907.10.5 and spaced n:)t more 
than 4 inches (102 mm) on center ........................................... 0.75 

1912.4 Development of Bundled Bars. 

1912.4.1 Development length of individual bars within a bundle, in tension or compression, shall 
be that for the individual bar, increased 20 percent for 3-bar bundle, and 33 percent for 4-bar bundle. 

1912.4.2 For determining the appropriate factors in Sections 1912.2.3 and 1912.2.4.3, a unit of 
bundled bars shall be treated as a single bar of a diameter derived from the equivalent total area. 

1912.5 Development of Standard Hooks in Tension. 

1912.5.1 Development length ldh in inches (mm) for deformed bars in tension terminating in a 
standard hook shall be computed as the product of the basic development length lhb of Section 
1912.5.2 and the applicable modification factor or factors of Section 1912.5. 3, but idh shall not be 
less than 8db or less than 6 inches (152 mm). 

1912.5.2 Basic development length lhb for a hooked bar with/y equal to 60,000 psi (413.7 MPa) 

shall be ........................................ 1, ZOO db/ ffc (For SI: 99.7 dh/ ffc) 
1912.5.3 Basic development length lhb shall be multiplied by applicable fa~tor or factors for: 
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1912.5.3.1 Bar yield strength. Bars with/y other than 60,000 psi 
(413.7 MPa) .......................................... /y/60,000 (For Sl:/y/413.7) 

1912.5.3.2 Concrete cover. For No. 11 bar and smaller, side cover (normal to plane of hook) 
but not less than 21h inches (64 mm); for 90-degree hook, cover on bar extension beyond hook 
not less than 2 inches (51 mm) for No. 6 bar and larger and 11/z inches ( 38 mm) cover for No. 5 
bar and smaller .......................................................... 0.7 

1912.5.3.3 Ties or stirrups. For No. 11 bar and smaller, hook enclosed vertically or horizontal­
ly within ties or stirrup ties spaced along the full development length ldh not greater than 3db, 
where db is diameter of hooked bar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.8 

1912.5.3.4 Excessive reinforcement. Where anchorage or development for /y is not specifical­
ly required, reinforcement in excess of that required 
by analysis ........................................... (As requirecl)/(As provided) 

1912.5.3.5 Lightweight aggregate concrete . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.3 

I 1912.5.3.6 Epoxy-coated reinforcement. Hooked bars with epoxy coating . . . . . . . . . . 1.2 

1912.5.4 For bars being developed by a standard hook at discontinuous ends of members with side 
cover and top (or bottom) cover over hook less than 21/2 inches (64 mm), hooked bar shall be en­
closed within ties or stirrups spaced along the full development length ldh not greater than 3db, 
where db is diameter of hooked bar. For this case, factor of Section 1912.5.3.3 shall not apply. 

1912.5.5 Hooks shall not be considered effective in developing bars in compres!:ion. 

1912.6 Mechanical Anchorage. 

1912.6.1 Any mechanical device capable of developing the strength of reinforcement without 
damage to concrete may be used as anchorage. 

1912.6.2 Test results showing adequacy of such mechanical devices shall be presented to the build­
ing official. 

1912.6.3 Development of reinforcement may consist of a combination of mechanical anchorage 
plus additional embedment length of reinforcement between the point of maximum bar stress and 
the mechanical anchorage. 

1912.7 Development of Welded Deformed Wire Fabric in Tension. 

1912.7.1 Development length ld, in inches (mm), of welded deformed wire fabric measured from 
point of critical section to end of wire shall be computed as the product of either of the basic devel­
opment lengths noted in this section and applicable modification factor or fac':ors of Sections 
1912.2.3 through 1912.2.5, but ld shall not be less than 8 inches (203 mm) except in computation of 
lap splices by Section 1912.18 and development of web reinforcement by Section 1912.13. 

1912.7.2 Basic development length ldb of welded deformed wire fabric, with at least one cross wire 
within the development length not less than 2 inches (51 mm) from point of critical section, shall be 

0.03dhif.v - 20, 000) 

ff:* 
0.36dbify 138) 

li'c 
For SI: 

*The 20,000 has units of psi (the 138 has units of MPa). 

but not less than 
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ForSI: 

1912.7.3 Basic development length [db of welded deformed wire fabric, with no cross wires within 
the development length, shall be determined as for deformed wire. 

1912.8 Development of Welded Smooth Wire Fabric in Tension. Yield strength of welded 
smooth wire fabric shall be considered developed by embedment of two cross wires with the closer 
cross wire not less than 2 inches (51 mm) from point of critical section. However, basic develop- I 
ment length [db from point of critical section to outermost cross wire shall not be less than 

For SI: 

0.27 Aw 1L 
Sw /f': 

3 3 Aw 1L 
• Sw /f': 

the basic development length [db shall be modified by (As required)/(As provided) for reinforcement I 
in excess of that required by analysis and by factor of Section 1912.2.4.2 for lightweight aggregate 
concrete, but ld shall not be less than 6 inches (152 mm) except in computal ion of lap splices by 
Section 1912.19. 

1912.9 Development of Prestressing Strand. 

1912.9.1 Three- or seven-wire pretensioning strand shall be bonded beyond the critical section for 
a development length, in inches (mm), not less than 

(tp.v- ~f .. )dbt 

For SI: 0.145(rps - ~ f,.) db 
tExpression in parentheses used as a constant without units. 

where db is strand diameter in inches (mm), and/ps and..fse are expressed in kips per square inch 
(MPa). 

1912.9.2 Investigation may be limited to cross sections nearest each end of the member that are 
required to develop full design strength under specified factored loads. 

1912.9.3 Where bonding of a strand does not extend to end of member, and design includes tension 
at service load in precompressed tensile zone as permitted by Section 1918.4.::, development length 
specified above shall be doubled. 

1912.10 Development of Flexural Reinforcement-General. 

1912.10.1 Tension reinforcement may be developed by bending across the web to be anchored or 
made continuous with reinforcement on the opposite face of member. 

1912.10.2 Critical sections for development of reinforcement in flexural members are at points of 
maximum stress and at points within the span where adjacent reinforcement terminates or is bent. 
Provisions of Section 1912.11.3 must be satisfied. 

1912.10.3 Reinforcement shall extend beyond the point at which it is no longer required to resist 
flexure for a distance equal to the effective depth of member or 12db, whichev,~r is greater, except at 
supports of simple spans and at free end of cantilevers. 

1912.10.4 Continuing reinforcement shall have an embedment length not kss than the develop­
ment length ld beyond the point where bent or terminated tension reinforcement is no longer re­
quired to resist flexure. 
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1912.10.5 Flexural reinforcement shall not be terminated in a tension zone unles~; one of the fol­
lowing conditions is satisfied: 

1912.10.5.1 Shear at the cutoff point does not exceed two thirds that permitted, including shear 
strength of shear reinforcement provided. 

1912.10.5.2 Stirrup area in excess of that required for shear and torsion is prov 1ded along each 
terminated bar or wire over a distance from the termination point equal to three fourths the effec­
tive depth of member. Excess stirrup area Av shall not be less than 60bwslfv (For 81: 0.4lbws/f,). 
Spacings shall not exceed d!8J3b where J3b is the ratio of area of reinforcement cut off to total area 
of tension reinforcement at the section. 

1912.10.5.3 For No. II bar and smaller, continuing reinforcement provides double the area re­
quired for flexure at the cutoff point and shear does not exceed three fourths that permitted. 

I 1912.10.6 Adequate anchorage shall be provided for tension reinforcement in flexural members 
where reinforcement stress is not directly proportional to moment, such as sloped, stepped or ta­
pered footings, brackets, deep flexural members, or members in which tension reinforcement is not 
parallel to compression face. 

1912.11 Development of Positive Moment Reinforcement. 

1912.11.1 At least one third the positive moment reinforcement in simple memben and one fourth 
the positive moment reinforcement in continuous members shall extend along the same face of 
member into the support. In beams, such reinforcement shall extend into the support at least 6 in­
ches (152 mm). 

1912.11.2 When a flexural member is part of a primary lateral load-resisting system, positive mo­
ment reinforcement required to be extended into the support by Section 1912.11.1 s:1all be anchored 
to develop the specified yield strength..fy in tension at the face of support. 

1912.11.3 At simple supports and at points of inflection, positive moment tension reinforcement 
shall be limited to a diameter such that ld computed for /y by Section 1912.2 satisfies Formula 
(12-2), except Formula (12-2) need not be satisfied for reinforcement terminating beyond center 
line of simple supports by a standard hook or a mechanical anchorage at least equivalent to a stan­
dard hook. 

(12-2) 

WHERE: 
la at a support shall be the embedment length beyond center of support. 
la at a point of inflection shall be limited to the effective depth of member or 12db, which­

ever is greater. 

Mn = nominal strength assuming all reinforcement at the section to be stressed to the specified 
yield strength..fy. 

Vu = factored shear force at the section. 

Value of MniVu may be increased 30 percent when the ends of reinforcement are confined by a 
compressive reaction. 

1912.12 Development of Negative Moment Reinforcement. 

1912.12.1 Negative moment reinforcement in a continuous, restrained or cantilever member, or in 
any member of a rigid frame, shall be anchored in or through the supporting member by embedment 
length, hooks or mechanical anchorage. 

1912.12.2 Negative moment reinforcement shall have an embedment length into the span as re­
quired by Sections 1912.1 and 1912.10, Item 3. 
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1912.12.3 At least one third the total tension reinforcement provided for nega1ive moment at a sup­
port shall have an embedment length beyond the point of inflection not less than effective depth of 
member, 12db, or 1/ 16 the clear span, whichever is greater. 

1912.13 Development of Web Reinforcement. 

1912.13.1 Web reinforcement shall be carried as close to compression and tension surfaces of 
member as cover requirements and proximity of other reinforcement will permit. 

1912.13.2 Ends of single leg, simple U- or multiple U-stirrups shall be anchored by one of the fol­
lowing means: 

1912.13.2.1 For No. 5 bar and D31 wire, and smaller, and for Nos. 6, 7 and 8 bars withfv of 
40,000 psi (275.8 MPa) or Jess, a standard stirrup hood around longitudinal reinforcement: 

1912.13.2.2 For Nos. 6, 7 and 8 stirrups with/y greater than 40,000 psi (27 5.8 MPa), a standard 
stirrup hook around a longitudinal bar plus an embedment between midheight of the member and 

the outside end of the hook equal to or greater than 0.014 db/y I fFc (For ~II: 0.169 dhfv/ fFc). 
1912.13.2.3 For each leg of welded smooth wire fabric forming simple U-stirrups, either: 

I. Two longitudinal wires spaced at a 2-inch (51 mm) spacing along the member at the top of 
the U. 

2. One longitudinal wire located not more than d/4 from the compression face and a second wire 
closer to the compression face and spaced not less than 2 inches (51 mrn) from the first wire. 
The second wire may be located on the stirrup leg beyond a bend, or on a bend with an inside 
diameter of bend not less than 8db. 

3. For each end of a single-leg stirrup of welded plain or deformed wire fabric, two longitudinal I 
wires at a minimum spacing of 2 inches (51 mm) and with the inner wirE at least the greater of 
d/4 or 2 inches (51 mm) from middepth of member d/2. Outer longitudinal wire at tension 
face shall not be farther from the face than the portion of primary flexunl reinforcement clos­
est to the face. 

1912.13.3 Between anchored ends, each bend in the continuous portion of a simple U-stirrup or 
multiple U-stirrups shall enclose a longitudinal bar. 

1912.13.4 Longitudinal bars bent to act as shear reinforcement, if extended into a region of tension, 
shaH be continuous with longitudinal reinforcement and, if extended into a rEgion of compression, 
shaH be anchored beyond middepth d/2 as specified for development length in Section 1912.2 for 
that part of fY required to satisfy Formula (11-19). 

1912.13.5 Pairs of U-stirrups or ties so placed as to form a closed unit shall be considered properly 
spliced when lengths of laps are 1.3k In members at least 18 inches (457 mm) deep, such splices 
withAifv not more than 9,000 pounds (40 000 N) per leg may be considered adequate if stirrup legs 
extend the full available depth of member. 

1912.14 Splices of Reinforcement. 

1912.14.1 Splices of reinforcement shall be made only as required or permitted on design draw- I 
ings or in specifications, or as authorized by the building official. 

1912.14.2 Lap splices. 

1912.14.2.1 Lap splices shall not be used for bars larger than No. 11, except a:; provided in Sections 
1912.16.2 and 1915.8.2.3. 

1912.14.2.2 Lap splices of bars in a bundle shall be based on the lap splice length required for indi­
vidual bars within the bundle, increased in accordance with Section 1912.4. [ndividual bar splices I 
within a bundle shall not overlap. Entire bundles shall not be lap spliced. 
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1912.14.2.3 Bars spliced by noncontact lap splices in flexural members shall not he spaced trans­
versely farther apart than one fifth the required lap splice length, or 6 inches (152 mm). 

1912.14.3 Welded splices and mechanical connections. 

1912.14.3.1 Welded splices and other mechanical connections may be used. 

1912.14.3.2 Except as provided in this code, all welding shall conform to U.B.C. Standard 19-2. 

1912.14.3.3 A full-welded splice shall have bars butted and welded to develop in tension at least 
125 percent of specified yield strengthfy of the bar. 

1912.14.3.4 A full mechanical connection shall develop in tension or compression, as required, at 
least 125 percent of specified yield strength fy of the bar. 

1912.14.3.5 Welded splices and mechanical connections not meeting requirements of Section 
1912.14.3.3 or 1912.14.3.4, may be used in accordance with Section 1912.15.4. 

11912.14.3.6 Welded splices and mechanical connections shall maintain the clearance and cover­
age requirements of Sections 1907.6 and 1907.7. 

I 

1912.15 Splices of Deformed Bars and Deformed Wire in Tension. 

1912.15.1 Minimum length of lap for tension lap splices shall be as required for Class A orB 
splice, but not less than 12 inches (305 mm), where: 

Class A splice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.0ld 

Class B splice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.3ld 

where ld is the tensile development length for the specified yield strength.fv in accotdance with Sec-
tion 1912.2 without the modification factor of Section 1912.2.5. · 

1912.15.2 Lap splices of deformed bars and deformed wire in tension shall be Class B splices ex­
cept that Class A splices may be used when (1) the area of reinforcement provided is at least twice 
that required by analysis over the entire length of the splice, and (2) one half or less of the total rein­
forcement is spliced within the required lap length. 

1912.15.3 Welded splices or mechanical connections used where area of reinforcement provided 
is less than twice that required by analysis shall meet requirements of Section 1912.14.3.3 and 
1912.14.3.4. 

1912.15.4 Welded splices or mechanical connections used where area of reinforcement provided 
is at least twice that required by analysis shall meet the following: 

1912.15.4.1 Splices shall be staggered at least 24 inches (610 mm) and in such manner as to de­
velop at every section at least twice the calculated tensile force at that section hut not less than 
20,000 psi (137.9 MPa) for total area of reinforcement provided. 

1912.15.4.2 In computing tensile force developed at each section, spliced reinfmcement may be 
rated at the specified splice strength. Unspliced reinforcement shall be rated at that fraction of/y 
defined by the ratio of the shorter actual development length told required to develop the speci­
fied yield strengthfy. 

1912.15.4.3 Splices in "tension tie members" shall be made with a full-welded splice or full 
mechanical connection in accordance with Section 1912.14.3.3 and 1912.14.3.4, and splices in 
adjacent bar shall be staggered at least 30 inches (762 mm). 

1912.15.4.4 Mechanical connections need not be staggered as required by Seciion 1912.15.4.1 
or 1912.15.4.3 above provided the clearance and coverage requirements ofSeclions 1907.6 and 
1907.7 are maintained and, at 90 percent of the yield stress, the strain measu."ed over the full 
length of the connector does not exceed 50 percent of the strain of an unspliced bar when the 
maximum computed design load stress does not exceed 50 percent of the yield stress. 
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1912.16 Splices of Deformed Bars in Compression. 

1912.16.1 Compression lap splice length shall be 0.0005 /ydb (For SI: 0.013(ydb) for fY of 60,000 I 
psi (413.7 MPa) or less, or (0.0009 /y- 24) db [For SI: (0.13 fY- 24) db] for/y greater than 60,000 psi 
(413.7 MPa), but not less than 12 inches (305 mm). Forf'c less than 3,000 psi (:!0.68 MPa),length of 
lap shall be increased by one third. 

1912.16.2 When bars of different size are lap spliced in compression, splice length shall be the I 
larger of: development length of larger bar, or splice length of smaller bar. Bar sizes Nos. 14 and 18 
may be lap spliced to No. II and smaller bars. 

1912.16.3 Welded splices or mechanical connections used in compressior, shall meet require­
ments of Sections 1912.14.3.3 and 1912.14.3.4. 

1912.16.4 End-bearing splices. 

1912.16.4.1 In bars required for compression only, compressive stress may be transmitted by bear­
ing of square cut ends held in concentric contact by a suitable device. 

1912.16.4.2 Bar ends shall terminate in flat surfaces within I 1/2 degrees of a right angle to the axis 
of the bars and shall be fitted within 3 degrees of full bearing after assembly. 

1912.16.4.3 End-bearing splices shall be used only in members containing closed ties, closed stir­
rups or spirals. 

1912.17 Special Splice Requirements for Columns. 

1912.17.1 Lap splices, butt welded splices, mechanical connections or end-bearing splices shall be 
used with the limitations of Sections 1912.17.2 through 19I2.I7.4. A splice shall satisfy require­
ments for all load combinations for the column. 

1912.17.2 Lap splices in columns. 

1912.17.2.1 Where the bar stress due to factored loads is compressive, lap splices shall conform to 
Sections 1912.16.1 and 1912.16.2, and where applicable, to Sections 1912.17.2.4 and 1912.17.2.5. 

1912.17.2.2 Where the bar stress due to factored loads is tensile and does not exceed 0.5/y in ten­
sion, lap splices shall be Class B tension lap splices if more than one half of 1 he bars are spliced at 
any section, or Class A tension lap splices if one half or fewer of the bars are spliced at any section 
and alternate lap splices are staggered by iJ. 
1912.17.2.3 Where the bar stress due to factored loads is greater than 0.5 /y m tension, lap splices 
shall be Class B tension lap splices. 

1912.17.2.4 In tied reinforced compression members, where ties throughou: the lap splice length 
have an effective area not less than 0.0015hs, lap splice length may be multiplied by 0.83, but lap 
length shall not be less than 12 inches (305 mm). Tie legs perpendicular to dimension h shall be used 
in determining effective area. 

1912.17.2.5 In spirally reinforced compression members, lap splice length of bars within a spiral 
may be multiplied by 0.75, but lap length shall not be less than I2 inches (305 mm). 

1912.17.3 Welded splices or mechanical connectors in columns. Welded splices or mechanical 
connectors in columns shall meet the requirements of Section I9I2.I4.3.3 or 19I2.I4.3.4. 

1912.17.4 End-bearing splices in columns. End-bearing splices complying with Section 
I9I2.I6.4 may be used for column bars stressed in compression provided the splices are staggered 
or additional bars are provided at splice locations. The continuing bars in each face of the column 
shall have a tensile strength, based on the specified yield strength/y, not less than 0.2/y times the area 
of the vertical reinforcement in that face. 
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1912.18 Splices of Welded Deformed Wire Fabric in Tension. 

1912.18.1 Minimum length of lap for lap splices of welded deformed wire fabric measured be-

l tween the ends of each fabric sheet shall not be less than !.3/d or 8 inches (203 mm), and the overlap 
measured between outermost cross wires of each fabric sheet shall not be less than 2 inches (51 
mm), ld shall be the development length for the specified yield strength..fy in accordance with Sec­
tion 1912.7. 

1912.18.2 Lap splices of welded deformed wire fabric, with no cross wires within the lap splice 
length, shall be determined as for deformed wire. 

1912.19 Splices of Welded Smooth Wire Fabric in Tension. Minimum lengt:l of lap for lap 
splices of welded smooth wire fabric shall be in accordance with the following: 

1912.19.1 When area of reinforcement provided is less than twice that required by analysis at 
splice location, length of overlap measured between outermost cross wires of each fabric sheet 
shall not be less than one spacing of cross wires plus 2 inches (51 mm), or less than 1.5 ld, or 6 
inches (152 mm), ld shall be the development length for the specified yield strength/yin accor-
dance with Section 1912.8. · 

1912.19.2 When area of reinforcement provided is at least twice that required by analysis at 
splice location, length of overlap measured between outermost cross wires of each fabric sheet 
shall not be less than 1.5 ld, or 2 inches (51 mm), ld shall be the development len~ th for the speci­
fied yield strength /v in accordance with Section 1912.8. 

I SECTION 1913- TWO-WAY SLAB SYSTEMS 

1913.0 Notations. 

c == cross-sectional constant to define torsional properties. See Formula (13 -7). 
CJ == size of rectangular or equivalent rectangular column, capital, or bracket measured in the 

direction of the span for which moments are being determined, inches (mm). 
cz size of rectangular or equivalent rectangular column, capital or bracket measured trans-

• verse to the direction of the span for which moments are being determin~ d, inches (mm) . 

• Ecb == modulus of elasticity of beam concrete. 

Ecs == modulus of elasticity of slab concrete. 
h == overall thickness of member, inches (mm). 

lb == moment of inertia about centroidal axis of gross section of beam as defined in Section 

• 1913.4 . 

r~ == moment of inertia about centroidal axis of gross section of slab. 

== h3112 times width of slab defined in notations a and 1\. 
Kb == flexural stiffness of beam; moment per unit rotation. 

• Kc == flexural stiffness of column; moment per unit rotation. 
Ks == flexural stiffness of slab; moment per unit rotation. 
K, == torsional stiffness of torsional member; moment per unit rotation. 
ln == length of clear span in direction that moments are being determined, measured face to face 

of supports. ,, = length of span in direction that moments are being determined, measured center to center 
of supports. 

lz = length of span transverse to l1, measured center to center of supports. See also Sections 
1913.6.2.3 and 1913.6.2.4. 

Mo = total factored static moment. 
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Mu 

Wd 

W[ 

Wu 

X 

y 

= 
= 
= 

factored moment at section. 

factored dead load per unit area. 
factored live load per unit area. 

factored load per unit area. 
shorter overall dimension of rectangular part of cross section. 
longer overall dimension of rectangular part of cross section. 

1913.0-1913.2.3 

a ratio of flexural stiffness of beam section to flexural stiffness of a width of slab bounded 
laterally by center lines of adjacent panels (if any) on each side of the beam. 

= 

llc 

EcJb 
Ec.J., 
ratio of flexural stiffness of columns above and below the slab to combined flexural stiff­
ness of the slabs and beams at a joint taken in the direction of the span for which moments 
are being determined. 

J:Kc 
J:(K, + Kb) 

CJmin minimum llc to satisfy Section 1913.6.1 0, Item I. 

a, a in direction of I,. 
az a in direction of lz. 

l3a ratio of dead load per unit area to live load per unit area (in each case without load factors). 
J3, ratio of torsional stiffness of edge beam section to flexural stiffne>s of a width of slab 

equal to span length of beam, center to center of supports. 

EcbC 
2Ec.J., 

y1 fraction of unbalanced moment transferred by flexure at slab-column connections. See 
Section 1913.3.3.2. 

Os factor defined by Formula (13-5). See Section 1913.6.10. 

1913.1 Scope. 

1913.1.1 The provisions of this section shall apply for design of slab systems reinforced for flexure 
in more than one direction with or without beams between supports. 

I 

1913.1.2 A slab system may be supported on columns or walls. If supported by columns the dimen­
sions c1 and cz and the clear span ln shall be based on an effective support area defined by the inter­
section of the bottom surface of the slab, or the drop panel if there is one, with the largest right I 
circular cone, right pyramid, or tapered wedge whose surfaces are located within the column and 
capital or bracket and are oriented no greater than 45 degrees to the axis of the column. 

1913.1.3 Solid slabs and slabs with recesses or pockets made by permanent or removable fillers 
between ribs or joists in two directions are included within the scope of this section. 

1913.1.4 Minimum thickness of slabs designed in accordance with this section shall be as required 
by Section 1909.5.3. 

1913.2 Definitions. 

1913.2.1 Column strip is a design strip with a width on each side of a column center line equal to 
0.25/z or 0.251,, whichever is less. Column strip includes beams, if any. 

1913.2.2 Middle strip is a design strip bounded by two column strips. 

1913.2.3 A panel is bounded by column, beam or wall center lines on all sides. 
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1913.2.4 For monolithic or fully composite construction, a beam includes that portion of slab on 
each side of the beam extending a distance equal to the projection of the beam above or below the 
slab, whichever is greater, but not greater than four times the slab thickness. 

1913.3 Design Procedures. 

1913.3.1 A slab system may be designed by any procedure satisfying conditions of equilibrium 
and geometric compatibility if shown that the design strength at every section is at least equal to the 
required strength considering Sections 1909.2 and 1909.3 and that all serviceabilit~r conditions, in­
cluding specified limits on deflections, are met. 

1913.3.1.1 For gravity loads, a slab system, including the slab and beams (if any) between sup­
ports and supporting columns or walls forming orthogonal frames, may be designed by either the 
direct design method of Section 1913.6 or the equivalent frame method of Section 1913.7. 

1913.3.1.2 For lateral loads, analysis of unbraced frames shall take into account !ffects of crack­
ing and reinforcement on stiffness of frame members. 

1913.3.1.3 Results of the gravity load analysis may be combined with results of the lateral load 
analysis. 

1913.3.2 The slab and beams (if any) between supports shall be proportioned {:)r factored mo­
ments prevailing at every section. 

1913.3.3 When gravity load, wind, earthquake or other lateral forces cause transfer of moment be­
tween slab and column, a fraction of the unbalanced moment shall be transferred hy flexure in ac­
cordance with Sections 1913.3.2 and 1913.3.3. 

1913.3.3.1 Fraction of unbalanced moment not transferred by flexure shall be transferred by ec­
centricity of shear in accordance with Section 1911.12.6. 

1913.3.3.2 A fraction of the unbalanced moment given by YtMu shall be considered to be trans­
ferred by flexure within an effective slab width between lines that are one and one-half slab or 
drop panel thickness (l.Sh) outside opposite faces of the column or capital, where Mu is the mo­
ment to be transferred and 

Yt (13-1) 

1913.3.3.3 Concentration of reinforcement over the column by closer spacing or additional rein­
forcement may be used to resist moment on the effective slab width. 

1913.3.4 Design for transfer of load from slab to supporting columns or walls through shear and 
torsion shall be in accordance with Section 1911. 

1913.4 Slab Reinforcement. 

1913.4.1 Area of reinforcement in each direction for two-way slab systems shall be determined 
from moments at critical sections but shall not be less than required by Section 1907.12. 

1913.4.2 Spacing of reinforcement at critical sections shall not exceed two times the slab thick­
ness, except for portions of slab area that may be of cellular or ribbed construction. In the slab over 
cellular spaces, reinforcement shall be provided as required by Section 1907.12. 

1913.4.3 Positive moment reinforcement perpendicular to a discontinuous edge stall extend to the 
edge of slab and have embedment, straight or hooked, at least 6 inches (152 mm) in spandrel beams, 
columns or walls. 

1913.4.4 Negative moment reinforcement perpendicular to a discontinuous ed!:e shall be bent, 
hooked or otherwise anchored, in spandrel beams, columns or walls, to be developed at face of sup­
port according to provisions of Section 1912. 
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1913.4.5 Where a slab is not supported by a spandrel beam or wall at a discontinuous edge or where 
a slab cantilevers beyond the support, anchorage of reinforcement may be within the slab. 

1913.4.6 In slabs with beams between supports with a value of a greater than 1.0, special top and 
bottom slab reinforcement shall be provided at exterior comers in accordance with the following: 

1913.4.6.1 The special reinforcement in both top and bottom of slab shall be sufficient to resist a 
moment equal to the maximum positive moment (per foot of width) (per meter of width) in the 
slab. 

1913.4.6.2 Direction of moment shall be assumed parallel to the diagonal from the comer in the 
top of the slab and perpendicular to the diagonal in the bottom of the slab. 

1913.4.6.3 The special reinforcement shall be provided for a distance in each direction from the 
comer equal to one fifth the longer span. 

1913.4.6.4 In either the top or bottom of the slab, the special reinforcement may be placed in a 
single band in the direction of the moment or in two bands parallel to the sides of the slab. 

1913.4.7 Where a drop panel is used to reduce amount of negative moment reinforcement over the 
column of a flat slab, size of drop panel shall be in accordance with the following: 

1913.4.7.1 Drop panel shall extend in each direction from center line of support a distance not 
less than one sixth the span length measured from center to center of supports in that direction. 

1913.4.7.2 Projection of drop panel below the slab shall be at least one fm.rth the slab thickness 
beyond the drop. 

1913.4.7.3 In computing required slab reinforcement, thickness of drop panel below the slab 
shall not be assumed greater than one fourth the distance from edge of drop panel to edge of col­
umn or column capital. 

1913.4.8 Details of reinforcement in slabs without beams. 

1913.4.8.1 In addition to the other requirements of Section 1913.4, reinforcement in slabs without 
beams shall have minimum extensions as prescribed in Figure 19-1. 

1913.4.8.2 Where adjacent spans are unequal, extension of negative momt:nt reinforcement be­
yond the face of support as prescribed in Figure 19-1 shall be based on requirements of longer span. 

1913.4.8.3 Bent bars may be used only when depth-span ratio permits use of bends 45 degrees or 
less. 

1913.4.8.4 For slabs in frames not braced against sidesway, lengths of reinfiJrcement shall be de­
termined by analysis but shall not be less than those prescribed in Figure IS -I. 

1913.4.8.5 At least two of the column strip bottom bars or wires in each direction shall be continu­
ous or spliced at the support with Class A splices or anchored within support. These bars shall pass 
through the column and shall be placed within the column core. 

1913.4.8.6 In lift-slab construction, at least two bonded bottom bars or wires m each direction shall I 
pass through the shearhead or lifting collar as close to the column as practicable and be continuous 
or spliced with a Class A splice. At exterior columns, the reinforcement shall be anchored at the 
shearhead or lifting collar. 

1913.5 Openings in Slab Systems. 

1913.5.1 Openings of any size may be provided in slab systems if shown by analysis that the design 
strength is at least equal to the required strength considering Sections 1909 .:<: and 1909.3, and that 
all serviceability conditions, including the specified limits on deflections, a·e met. 
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1913.5.2 In lieu of special analysis as required by Section 1913.5.1, openings rna) be provided in 
I slab systems without beams only in accordance with the following: 

1913.5.2.1 Openings of any size may be located in the area common to intersecting middle 
strips, provided total amount of reinforcement required for the panel without the cpening is main­
tained. 

1913.5.2.2 In the area common to intersecting column strips, not more than one eighth the width 
of column strip in either span shall be interrupted by openings. An amount o' reinforcement 
equivalent to that interrupted by an opening shall be added on the sides of the opening. 

1913.5.2.3 In the area common to one column strip and one middle strip, not more than one 
fourth the reinforcement in either strip shall be interrupted by openings. An amount of reinforce­
ment equivalent to that interrupted by an opening shall be added on the sides of the opening. 

1913.5.2.4 Shear requirements of Section 1911.12.5 shall be satisfied. 

1913.6 Direct Design Method. 

1913.6.1 Limitations. Slab systems within the following limitations may be designed by the di­
rect design method: 

1913.6.1.1 There shall be a minimum of three continuous spans in each direction. 

1913.6.1.2 Panels shall be rectangular with a ratio of longer to shorter span centf:r-to-center sup­
ports within a panel not greater than 2. 

1913.6.1.3 Successive span lengths center-to-center supports in each direction shall not differ 
by more than one third the longer span. 

1913.6.1.4 Columns may be offset a maximum of 10 percent of the span (in direction of offset) 
from either axis between center lines of successive columns. 

1913.6.1.5 All loads shall be due to gravity only and uniformly distributed over an entire panel. 
Live load shall not exceed three times dead load. 

1913.6.1.6 For a panel with beams between supports on all sides, the relative st ffness of beams 
in two perpendicular directions 

(13-2) 

shall not be less than 0.2 or greater than 5.0. 

1913.6.1.7 Moment redistribution as permitted by Section 1908.4 shall not be applied for slab 
systems designed by the direct design method. See Section 1913.6.7. 

1913.6.1.8 Variations from the limitations of this section may be considered ac :eptable if dem­
onstrated by analysis that requirements of Section 1913.3.1 are satisfied. 

1913.6.2 Total factored static moment for a span. 

1913.6.2.1 Total factored static moment for a span shall be determined in a strip bounded laterally 
by center line of panel on each side of center line of supports. 

1913.6.2.2 Absolute sum of positive and average negative factored moments in each direction 
shall not be less than 

M = w.f2ln 2 
0 8 (13-3) 

1913.6.2.3 Where the transverse span of panels on either side of the center line of supports varies, 
lz in Formula (13-3) shall be taken as the average of adjacent transverse spans. 

2-204 



1994 UNIFORM BUILDING CODE 1913.6.2.4-1913.6.4.2 

1913.6.2.4 When the span adjacent and parallel to an edge is being considen~d, the distance from 
edge to panel center line shall be substituted for /2 in Formula (13-3). 

1913.6.2.5 Clear span 1, shall extend from face to face of columns, capitals, b··ackets or walls. Val­
ue of ln used in Formula (13-3) shall not be less than 0.65/J. Circular or regular polygon-shaped 
supports shall be treated as square supports with the same area. 

1913.6.3 Negative and positive factored moments. 

1913.6.3.1 Negative factored moments shall be located at face of rectangular supports. Circular or 
regular polygon-shaped supports shall be treated as square supports with the same area. 

1913.6.3.2 In an interior span, total static moment M0 shall be distributed a:; follows: 

Negative factored moment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.65 

Positive factored moment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.35 

1913.6.3.3 In an end span, total factored static moment M0 shall be distributed as follows: 

(1) (2) (3) (11) (5) 

Slab without Beams between 
Slab with Interior Supports 
Beams 

Without Edge With 
Exterior Edge 

Exterior Edge between All Fully 
Unrestrained Supports Beam Edge Beam Restrained 

Interior negative factored 
moment 0.75 0.70 0.70 0.'70 0.65 

Positive factored moment 0.63 0.57 0.52 0. ;o 0.35 

Exterior negative factored 
moment 0 0.16 0.26 0.30 0.65 

1913.6.3.4 Negative moment sections shall be designed to resist the larger of the two interior nega­
tive factored moments determined for spans framing into a common support unless an analysis is 
made to distribute the unbalanced moment in accordance with stiffness of adjoining elements. 

1913.6.3.5 Edge beams or edges of slab shall be proportioned to resist in toni on their share of ex­
terior negative factored moments. 

1913.6.3.6 For moment transfer between slab and an edge column in accordance with Section 
1913.3.1, column strip nominal moment strength provided shall be used as th•! transfer moment for 
gravity load. 

1913.6.4 Factored moments in column strips. 

1913.6.4.1 Column strips shall be proportioned to resist the following percentage of interior nega­
tive factored moments: 

l:!/1 0.5 1.0 2.0 

I 
(<Xthllt) = 0 75 75 75 

(al/2/11) ~ 1.0 90 75 45 

Linear interpolations shall be made between values shown. 

1913.6.4.2 Column strips shall be proportioned to resist the following percentage of exterior nega­
tive factored moments: 

1:!/11 0.5 1.0 

~I =0 100 100 
(<Xtl211t) = 0 

~I~ 2.5 75 75 
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~t=O 100 100 E 
~-----------4-------------r------7-5 ____ _,___ 5 

~I 2: 2.5 90 

Linear interpolations shall be made between values shown. 

1913.6.4.3 Where supports consist of columns or walls extending for a distance equal to or greater 
than three fourths the span length 12 used to compute M0 , negative moments shall be considered to 
be uniformly distributed across /2. 

1913.6.4.4 Column strips shall be proportioned to resist the following percentage of positive fac­
tored moments: 

~/1 0.5 1.0 

(a,lz//I) = 0 60 60 

(a,lz//I) 2: 1.0 90 75 B 0 

5 

Linear interpolations shall be made between values shown: 

1913.6.4.5 For slabs with beams between supports, the slab portion of column strips shall be pro­
portioned to resist that portion of column strip moments not resisted by beams. 

1913.6.5 Factored moments in beams. 

1913.6.5.1 Beams between supports shall be proportioned to resist 85 percent of column strip mo­
ments if (al/2/1 1) is equal to or greater than 1.0. 

1913.6.5.2 For values of (a1/2/l1) between 1.0 and zero, proportion of column strip moments re­
sisted by beams shall be obtained by linear interpolation between 85 and zero percent. 

1913.6.5.3 In addition to moments calculated for uniform loads according to Sections 1913.6.2.2, 
1913.6.5.1 and 1913.6.5.2, beams shall be proportioned to resist all moments caused by concen­
trated or linear loads applied directly to beams, including weight of projecting beam stem above or 
below the slab. 

1913.6.6 Factored moments in middle strips. 

1913.6.6.1 That portion of negative and positive factored moments not resisted by column strips 
shall be proportionately assigned to corresponding half middle strips. 

1913.6.6.2 Each middle strip shall be proportioned to resist the sum of the moments assigned to its 
two half middle strips. 

1913.6.6.3 A middle strip adjacent to and parallel with an edge supported by a wall shall be propor­
tioned to resist twice the moment assigned to the half middle strip corresponding to the first row of 
interior supports. 

1913.6.7 Modification of factored moments. Negative and positive factored moments may be 
modified by 10 percent, provided the total static moment for a panel in the direction considered is 
not less than that required by Formula (13-3). 

1913.6.8 Factored shear in slab systems with beams. 

1913.6.8.1 Beams with (aJ/'lflJ) equal to or greater than 1.0 shall be proportionEd to resist shear 
caused by factored loads on tributary areas bounded by 45-degree lines drawn from the comers of 
the panels and the center lines of the adjacent panels parallel to the long sides. 

1913.6.8.2 Beams with (a!/2/11) less than 1.0 may be proportioned to resist shear obtained by lin­
ear interpolation, assuming beams carry no load at a equals 0. 

1913.6.8.3 In addition to shears calculated according to this section, beams shall be proportioned 
to resist shears caused by factored loads applied directly on beams. 
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1913.6.8.4 Slab shear strength may be computed on the assumption that load is distributed to sup­
porting beams in accordance with the preceding paragraph. Resistance to total shear occurring on a 
panel shall be provided. 

1913.6.8.5 Shear strength shall satisfy requirements of Section 1911. 

1913.6.9 Factored moments in columns and walls. 

1913.6.9.1 Columns and walls built integrally with a slab system shall resist moments caused by 
factored loads on the slab system. 

1913.6.9.2 At an interior support, supporting elements above and below the slab shall resist the 
moment specified by Formula (13-4) in direct proportion to their stiffnesses unless a general analy­
sis is made. 

(13-4) 

where w'd· l '2 and l 'n refer to shorter span. 

1913.6.10 Provisions for effects of pattern loadings. Where ratio f3a of dead load to live load is 
less than 2, one of the following conditions shall be satisfied: 

1. Sum of flexural stiffnesses of the columns above and below the slab shall be such that 0.:· is not 
less than Omin specified in Table 19-D. 

2. If 0c for the columns above and below the slab is less than CJ.min specified in Table 19-D, posi­
tive factored moments in panels supported by such columns shall be multipliecl by the coefficient Os 
determined from Formula ( 13-5). 

0 = J + 2 
- f3a (1 - ~) (13-5) 

·' 4 + f3a amin 

where f3a is ratio of dead load to Jive load, per unit area (in each case without load factors). 

1913.7 Equivalent Frame Method. 

1913.7.1 Design of slab systems by the equivalent frame method shall be based on assumptions 
given in Sections 1913.7.2 through 1913.7.6, and all sections of slabs and suprmting members shall 
be proportioned for moments and shears thus obtained. 

1913.7.1.1 Where metal column capitals are used, account may be taken of their contributions to 
stiffness and resistance to moment and to shear. 

1913.7.1.2 Change in length of columns and slabs due to direct stress, and deflections due to 
shear, may be neglected. 

1913.7.2 Equivalent frame. 

1913.7.2.1 The structure shall be considered to be made up of equivalent fmmes on column lines 
taken longitudinally and transversely through the building. 

1913.7.2.2 Each frame shall consist of a row of columns or supports and slab-beam strips, bounded 
laterally by the center line of panel on each side of the center line of columns or supports. 

1913.7.2.3 Columns or supports shall be assumed to be attached to slab-beam strips by torsional 
members (Section 1913.7.5) transverse to the direction of the span for which moments are being 
determined and extending to bounding lateral panel center lines on each side of a column. 

I 

1913.7.1.4 Frames adjacent and parallel to an edge shall be bounded by that edge and the center I 
line of adjacent panel. 

1913.7.2.5 Each equivalent frame may be analyzed in its entirety, or for gravity loading, each floor 
and the roof (slab-beams) may be analyzed separately with far ends of columns considered fixed. 
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1913.7.2.6 Where slab-beams are analyzed separately, it may be assumed in detennining moment 
at a given support that the slab-beam is fixed at any support two panels distant therefrom, provided 
the slab continues beyond that point. 

1913.7.3 Slab-beams. 

1913.7.3.1 Moment of inertia of slab-beams at any cross section outside of joints or column capi­
tals may be based on the gross area of concrete. 

1913.7.3.2 Variation in moment of inertia along axis of slab-beams shall be taken into account. 

1913. 7.3.3 Moment of inertia of slab-beams from center of column to face of column, bracket or 
capital shall be assumed equal to the moment of inertia of the slab-beam at face of column, bracket 
or capital divided by the quantity (1 - c2/l2)2 where c2 and /2 are measured transverse to the direction 
of the span for which moments are being determined. 

1913.7.4 Columns. 

1913. 7.4.1 Moment of inertia of columns at any cross section outside of joints or column capitals 
may be based on the gross area of concrete. 

1913.7.4.2 Variation in moment of inertia along axis of columns shall be taken into account. 

1913.7.4.3 Moment of inertia of columns from top to bottom of the slab-beam at a joint shall be 
assumed infinite. 

1913.7.5 Torsional members. 

1913.7.5.1 Torsional members shall be assumed to have a constant cross section throughout their 
length consisting of the larger of: 

1. A portion of slab having a width equal to that of the column, bracket or capita • in the direction 
of the span for which moments are being determined. 

2. For monolithic or fully composite construction, the portion of slab specified in A above plus 
that part of the transverse beam above and below the slab. 

3. Transverse beam as defined in Section 1913.2.4. 

1913.7.5.2 Stiffness K1 of an attached torsional member shall be calculated by tbe following ex­
pression: 

(13-6) 

where c2 and /2 relate to the transverse spans on each side of column. 

1913.7.5.3 The constant C in Formula (13-6) may be evaluated for the cross section by dividing it 
into separate rectangular parts and carrying out the following summation: 

( x) x3y c = 1: 1 - 0.63 y 3 (13-7) 

1913.7.5.4 Where beams frame into columns in the direction of the span for which moments are 
being determined, value of K1 as computed by Formula (13-6) shall be multiplied by the ratio of 
moment of inertia of slab with such beam to moment of inertia of slab without such beam. 

1913.7.6 Arrangement of live load. 

1913.7.6.1 When loading pattern is known, the equivalent frame shall be analyzed for that load. 

1913.7.6.2 When live load is variable but does not exceed three fourths the dead lead, or the nature 
of live load is such that all panels will be loaded simultaneously, maximum factored moments may 
be assumed to occur at all sections with full factored live load on entire slab system. 
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1913.7.6.3 For loading conditions other than those defined in the preceding paragraph, maximum 
positive factored moment near midspan of a panel may be assumed to occur with three fourths the 
full factored live load on the panel and on alternate panels; and maximum negative factored mo­
ment in the slab at a support may be assumed to occur with three fourths the full live load on adjacent 
panels only. Factored moments shall not be taken less than those occurring with full factored live 
load on all panels. 

1913.7.7 Factored moments. 

1913.7.7.1 At interior supports, critical section for negative factored moment (in both column and 
middle strips) shall be taken at face of rectilinear supports, but not greater than 0.17511 from center 
of a column. 

1913.7.7.2 At exterior supports provided with brackets or capitals, critical section for negative fac­
tored moment in the span perpendicular to an edge shall be taken at a distance from face of support­
ing element not greater than one half the projection of bracket or capital beyond face of supporting 
element. 

1913.7.7.3 Circular or regular polygon-shaped supports shall be treated as sqt.are supports with the 
same area for location of critical section for negative design moment. 

1913.7.7.4 Slab systems within limitations of Section 1913.6.1, when analy;:ed by the equivalent 
frame method, may have resulting computed moments reduced in such proportion that the absolute 
sum of the positive and average negative moments used in design need not ,!xceed the value ob­
tained from Formula (13-3). 

1913.7.7.5 Moments at critical sections across the slab-beam strip of each frame may be distrib­
uted to column strips, beams and middle strips as provided in Sections 1913.6.4, 1913.6.5 and 
1913.6.6 if the requirement of Section 1913.6.1.6 is satisfied. 

SECTION 1914- WALLS 

1914.0 Notations. 

A11 gross area of section, square inches (mm2). 
f~ specified compressive strength of concrete, pounds per square inch (MPa). 

h overall thickness of member, inches (mm). 
k effective length factor. 

lc = vertical distance between supports, inches (mm). 

Mer = cracking moment 5 /f':Igjy, (For SI: 0.42 /f':Ig/y,) for regular concrete. 
Mn nominal moment strength at section, inch-pound (N-m). 
Mu = factored moment at section, inch-pound (N-m). See Section 19/4.8.3. 

Pnw = nominal axial load strength of wall designed by Section 1914.4. 
Pu = factored axial load at midheight of wall, including tributary wall weight. 
p = ratio of nonprestressed tension reinforcement. 

Ph = reinforcement ratio producing balanced strain conditions. See Formula (8-1 ). 
4> = strength-reduction factor. See Section 1909.3. 

1914.1 Scope. 

1914.1.1 Provisions of Section 1914 shall apply for design of walls subjected to axia1load, with or 
without flexure. 

1914.1.2 Cantilever retaining walls are designed according to flexural design provisions of Sec­
tion 1910 with minimum horizontal reinforcement according to Section 1914.3.3. 
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1914.2 General. 

1914.2.1 Walls shall be designed for eccentric loads and any lateral or other loads to which they are 
subjected. 

1914.2.2 Walls subject to axial loads shall be designed in accordance with Sections 1914.2, 1914.3 
and either Section 1914.4or 1914.5. 

1914.2.3 Design for shear shall be in accordance with Section 1911.10. 

1914.2.4 Unless demonstrated by a detailed analysis, horizontal length of wall to be considered as 
effective for each concentrated load shall not exceed center-to-center distance between loads, or 
width of bearing plus four times the wall thickness. 

1914.2.5 Compression members built integrally with walls shall conform to Section 1910.8.2. 

1914.2.6 Walls shall be anchored to intersecting elements such as floors or roof!: or to columns, 
pilasters, buttresses, and intersecting walls and footings. 

1914.2.7 Quantity of reinforcement and limits of thickness required by Sections 1914.3 and 
1914.5 may be waived where structural analysis shows adequate strength and stability. 

1914.3 Minimum Reinforcement. 

1914.3.1 Minimum vertical and horizontal reinforcement shall be in accordance with Sections 
1914.3.2 and 1914.3.3 unless a greater amount is required for shear by Section:; 1911.10.8 and 
1911.10.9. 

1914.3.2 Minimum ratio of vertical reinforcement area to gross concrete area shall be: 

1. 0.0012 for deformed bars not larger than No.5 with a specified yield strength not less than 
60,000 psi (413.7 MPa), or 

2. 0.0015 for other deformed bars, or 

I 3. 0.0012 for welded wire fabric (plain or deformed) not larger than W31 or D31. 

1914.3.3 Minimum ratio of horizontal reinforcement area to gross concrete area shall be: 

1. 0.0020 for deformed bars not larger than No. 5 with a specified yield strength not less than 
60,000 psi (413.7 MPa), or 

2. 0.0025 for other deformed bars, or 

I 3. 0.0020 for welded wire fabric (plain or deformed) not larger than W31 or D31. 

1914.3.4 Walls more than 10 inches (254 mm) thick, except basement walls, shall have reinforce­
ment for each direction placed in two layers parallel with faces of wall in accordance with the fol­
lowing: 

1. One layer consisting of not less than one half and not more than two thirds of total reinforce­
ment required for each direction shall be placed not less than 2 inches (51 mm) or more than one 
third the thickness of wall from exterior surface. 

2. The other layer, consisting of the balance of required reinforcement in that d1 recti on, shall be 
placed not less than 3/4 inch (19 mm) or more than one third the thickness of wall from interior sur­
face. 

1914.3.5 Vertical and horizontal reinforcement shall not be spaced farther apart than three times 
the wall thickness, nor 18 inches (457 mm). 

1914.3.6 Vertical reinforcement need not be enclosed by lateral ties if vertical reinforcement area 
is not greater than 0.01 times gross concrete area, or where vertical reinforcement is not required as 
compression reinforcement. 
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1914.3.7 In addition to the minimum reinforcement required by Section 1914.3.1, not less than two 
No. 5 bars shall be provided around all window and door openings. Such ban shall be extended to 
develop the bar beyond the comers of the openings but not less than 24 inches (610 mm). 

1914.3.8 The minimum requirements for horizontal and vertical steel of Sections 1914.3.2 and 
1914.3.3 may be interchanged for precast panels which are not restrained along vertical edges to 
inhibit temperature expansion or contraction. 

1914.4 Walls Designed as Compression Members. Except as provided in !)ection 1914.5, walls 
subject to axial load or combined flexure and axial load shall be designed as O)mpression members 
in accordance with provisions of Sections 1910.2, 1910.3, 1910.10, 1910.11, 1910.12, 1910.15, 
1914.2 and 1914.3. 

1914.5 Empirical Design Method. 

1914.5.1 Walls of solid rectangular cross section may be designed by the empirical provisions of 
Section 1914.5 if resultant of all factored loads is located within the middlr~ third of the overall 
thickness of wall and all limits of Sections 1914.2, 1914.3 and 1914.5 are sLtisfied. 

1914.5.2 Design axial load strength <l>Pnw of a wall satisfying limitations of Section 1914.5.1 shall 
be computed by Formula (14-1) unless designed in accordance with Section 1914.4. 

~P- ~ 055~/',A.[ I - {:;;,)'] 

where <1> = 0.70 and effective length factor k shall be: 

For walls braced top and bottom against lateral translation and 

l. Restrained against rotation at one or both ends (top and/or bottom) 

2. Unrestrained against rotation at both ends 

For walls not braced against lateral translation 

1914.5.3 Minimum thickness of walls designed by empirical design method. 

(14-1) 

0.8 

1.0 

2.0 

1914.5.3.1 Thickness of bearing walls shall not be less than 1125 the supported height or length, 
whichever is shorter, or not less than 4 inches (102 mm). 

1914.5.3.2 Thickness of exterior basement walls and foundation walls shall not be less than 71/2 
inches (191 mm). 

1914.6 Nonbearing Walls. 

1914.6.1 Thickness of nonbearing walls shall not be less than 4 inches ( 102 mm), or not less than 
1 !Jo the least distance between members that provide lateral support. 

1914.7 Walls as Grade Beams. 

1914.7.1 Walls designed as grade beams shall have top and bottom reinforcr~ment as required for 
moment in accordance with provisions of Sections 1910.2 through 1910.7. De;ign for shear shall be 
in accordance with provisions of Section 1911. 

1914.7.2 Portions of grade beam walls exposed above grade shall also meet requirements of Sec­
tion 1914.3. 

1914.8 Alternate Design Slender Walls. 

1914.8.1 When flexural tension controls design of walls, the requirements of Section 1910.10 may 
be satisfied by complying with the limitations and procedures set forth in this section. 

2-211 



1914.8.2-1915.1.1 1994 UNIFORM BUILDING CODE 

1914.8.2 The following limitations apply when this section is employed. 

1. Vertical service load stress at the location of maximum moment does not exc:eed 0.04 f'c· 

2. The reinforcement ratio p does not exceed 0.6 Pb· 
3. Sufficient reinforcement is provided so that the nominal moment capacity times the $factor is 

greater than Mer· 

4. Distribution of concentrated load does not exceed the width of bearing plus a width increas­
ing at a slope of2 vertical to 1 horizontal down to the design flexural section. 

1914.8.3 The required factored moment, Mu at the midheight cross section for combined axial and 
lateral factored loads, including the P Ll moments, shall be as set forth in Formuia ( 14-2). 

Mu ~ f/J Mn ( 14-2) 

Unless a more comprehensive analysis is used, the P Ll moment shall be calculated using the maxi­
mum potential deflection,~' as defined in Section 1914.8.4. 

1914.8.4 The midheight deflection Ll.P under service lateral and vertical loads (l'.ithout load fac­
tors), shall be limited by the relation 

Ll 1,. 
·' = 150 

(14-3) 

Unless a more comprehensive analysis is used, the midheight deflection shall be computed with 
the following formulas: 

( 14-4) 

5M,.lc 2 
., M M 

48E I ; .or .. < cr 
c g 

( 14-5) 

WHERE: 

P" + A.J; 
fv 

nA (d - c)2 + bc3 
se 3 

the maximum moment in the wall resulting from the application of the \lnfactored load 
combinations. 

Llcr 
5M,.,lc 2 

48EJ8 

~ 
5Mnlc 2 

48£Jcr 

SECTION 1915 - FOOTINGS 

1915.0 Notations. 

A8 = gross area of section, square inches (mm2). 

• dp = diameter of pile at footing base. 

~ = ratio of long side to short side of footing. 

• 1915.1 Scope. 

1915.1.1 Provisions of this section shall apply for design of isolated footings and, where applica­
ble, to combined footings and mats. 
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1915.1.2 Additional requirements for design of combined footings and mats are given in Section 
1915.10. 

1915.2 Loads and Reactions. 

1915.2.1 Footings shall be proportioned to resist the factored loads and induced reactions, in ac­
cordance with the appropriate design requirements of this code and as provided in this section. 

1915.2.2 Base area of footing or number and arrangement of piles shall be determined from the 
external forces and moments (transmitted by footing to soil or piles) and pennissible soil pressure 
or permissible pile capacity selected through principles of soil mechanics. Exi'ernal forces and mo­
ments are those resulting from unfactored loads ( D, L, Wand E) specified in Chapter 16. 

1915.2.3 For footings on piles, computations for moments and shears may be based on the assump­
tion that the reaction from any pile is concentrated at pile center. 

1915.2.4 External forces and moments applied to footings shall be transferred to supporting soil 
without exceeding permissible soil pressures. 

1915.3 Footings Supporting Circular or Regular Polygon-shaped Columns or Pedestals. For 
location of critical sections for moment, shear and development of reinforcenent in footings, it is 
permissible to treat circular or regular polygon-shaped concrete columns or pedestals as square 
members with the same area. 

1915.4 Moment in Footings. 

1915.4.1 External moment on any section of a footing shall be determined by passing a vertical 
plane through the footing and computing the moment of the forces acting over entire area of footing 
on one side of that vertical plane. 

1915.4.2 Maximum factored moment for an isolated footing shall be computed as prescribed in 
Section 1915.4.1 at critical sections located as follows: 

1. At face of column, pedestal or wall, for footings supporting a concrett: column, pedestal or 
wall. 

2. Halfway between middle and edge of wall, for footings supporting a nasonry wall. 

3. Halfway between face of column and edge of steel base, for footings supporting a column with 
steel base plates. 

1915.4.3 In one-way footings, and two-way square footings, reinforcement shall be distributed 
uniformly across entire width of footing. 

1915.4.4 In two-way rectangular footings, reinforcement shall be distributf'd as follows: 

1915.4.4.1 Reinforcement in long direction shall be distributed uniformly across entire width of 
footing. 

1915.4.4.2 For reinforcement in short direction, a portion of the total reinforcement given by 
Formula (15-1) shall be distributed uniformly over a band width (centered on center line of col­
umn or pedestal) equal to the length of short side of footing. Remainder of r~inforcement required 
in short direction shall be distributed uniformly outside center band width of footing. 

Reinforcement in band width 2 
Total reinforcement in short direction (/3 + 1) 

(15-1) 

1915.5 Shear in Footings. 

1915.5.1 Computation of shear in footings shall be in accordance with Section 1911.12. 

1915.5.2 Location of critical section for shear in accordance with Section 1911 shall be measured 
from face of column, pedestal or wall, for footings supporting a column, pedf,stal or wall. For foot-
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ings supporting a column or pedestal with steel base plates, the critical section shall be measured 
from location defined in Section 1915.4.2, Item 3. 

1915.5.3 Computation of shear on any section through a footing supported on piles shall be in ac­
cordance with the following: 

1915.5.3.1 Entire reaction from any pile whose center is located dp/2 or more ou:side the section 
shall be considered as producing shear on that section. 

1915.5.3.2 Reaction from any pile whose center is located dp/2 or more inside 1he section shall 
be considered as producing no shear in that section. 

1915.5.3.3 For intermediate positions of pile center, the portion of the pile reaction to be consid­
ered as producing shear on the section shall be based on straight-line interpolation between full 
value at dp/2 outside the section and zero value at dp/2 inside the section. 

1915.6 Development of Reinforcement in Footings. 

I 1915.6.1 Development of reinforcement in footings shall be in accordance with Section 1912. 

1915.6.2 Calculated tension or compression in reinforcement at each section shall be developed on 

I each side of that section by embedment length, hooks (tension only), mechanical device or combi­
nations thereof. 

1915.6.3 Critical sections for development of reinforcement shall be assumed at the same loca­
tions as defined in Section 1915.4.2 for maximum factored moment, and at all other vertical planes 
where changes of section or reinforcement occur. See also Section 1912.1 0.6. 

1915.7 Minimum Footing Depth. Depth of footing above bottom reinforcement shall not be less 
than 6 inches (152 mm) for footings on soil, or not less than 12 inches (305 mm) for footings on 
piles. 

1915.8 Transfer of Force at Base of Column, Wall or Reinforced Pedestal. 

1915.8.1 Forces and moments at base of column, wall, or pedestal shall be transferred to support­
ing pedestal or footing by bearing on concrete and by reinforcement, dowels and mechanical con­
nectors. 

1915.8.1.1 Bearing on concrete at contact surface between supported and supporting member 
shall not exceed concrete bearing strength for either surface as given by Secticn 1910.15. 

1915.8.1.2 Reinforcement, dowels or mechanical connectors between supported and support­
ing members shall be adequate to transfer: 

I. All compressive force that exceeds concrete bearing strength of either member. 

2. Any computed tensile force across interface. 

In addition, reinforcement, dowels or mechanical connectors shall satisfy Section 1915.8.2 or 
1915.8.3. 

1915.8.1.3 If calculated moments are transferred to supporting pedestal or footing, reinforce­
ment, dowels or mechanical connectors shall be adequate to satisfy Section 1912.17. 

1915.8.1.4 Lateral forces shall be transferred to supporting pedestal or footing in accordance 
with shear-friction provisions of Section 1911.7 or by other appropriate means. 

1915.8.2 In cast-in-place construction, reinforcement required to satisfy Section 1915.8.1 shall be 
provided either by extending longitudinal bars into supporting pedestal or footing, or by dowels. 

1915.8.2.1 For cast-in-place columns and pedestals, area of reinforcement acro:;s interface shall 
not be less than 0.005 times gross area of supported member. 
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1915.8.2.2 For cast-in-place walls, area of reinforcement across interface ;hall not be less than 
minimum vertical reinforcement given in Section 1914.3.2. 

1915.8.2.3 At footings, No. 14 and No. 18 longitudinal bars, in compression only, may be lap 
spliced with dowels to provide reinforcement required to satisfy Section 1915.8.1. Dowels shall 
not be larger than No. 11 bar and shall extend into supported member a distance not less than the 
development length of No. 14 or No. 18 bars or the splice length of the dowels, whichever is 
greater, and into the footing a distance not less than the development length of the dowels. 

1915.8.2.4 If a pinned or rocker connection is provided in cast-in-place construction, connec­
tion shall conform to Sections 1915.8.1 and 1915.8.3. 

1915.8.3 In precast construction, reinforcement required to satisfy Section 1915.8.1 may be pro­
vided by anchor bolts or suitable mechanical connectors. 

1915.8.3.1 Connection between precast columns or pedestals and supportir g member shall have 
a tensile strength not Jess than 200 Ag, in pounds (1.38 Ag. in newtons), where Ag is area of sup­
ported member. 

1915.8.3.2 Precast wall element base connections shall have a tensile strmgth of not Jess than I 
the calculated forces. 

EXCEPTION: In tilt-up construction, this connection may be to an adjacent floor slab. In no case shall 
the connection provided be less than that required by Section 1611. 

1915.8.3.3 Anchor bolts and mechanical connectors shall be designed to reach their design 
strength prior to anchorage failure or failure of surrounding concrete. 

1915.9 Sloped or Stepped Footings. 

1915.9.1 In sloped or stepped footings, angle of slope or depth and location of steps shall be such 
that design requirements are satisfied at every section. 

1915.9.2 Sloped or stepped footings designed as a unit shall be constructed to assure action as a 
unit. 

1915.10 Combined Footings and Mats. 

1915.10.1 Footings supporting more than one column, pedestal or wall (c~mbined footings or 
mats) shall be proportioned to resist the factored loads and induced reactions in accordance with 
appropriate design requirements of this code. 

1915.10.2 The direct design method of Section 1913 shall not be used for design of combined foot­
ings and mats. 

1915.10.3 Distribution of soil pressure under combined footings and mats shaH be consistent with 
properties of the soil and the structure and with established principles of soil mechanics. 

1915.11 Plain Concrete Pedestals and Footings. See Section 1923. I 

SECTION 1916- PRECAST CONCRETE 

1916.1 Scope. 

1916.1.1 Provisions of this section shall apply only to design of precast co11crete members man­
ufactured under plant-controlled conditions. 

1916.1.2 All provisions of this code not specifically excluded, and not in conflict with provisions I 
of Section 1617, shall apply to precast concrete. 

1916.2 Design. 

1916.2.1 Design of precast members shall consider a11Joading and restraint conditions from initial 
fabrication to completion of the structure, including form removal, storage, transportation and erec­
tion. 
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1916.2.2 In precast construction that does not behave monolithically, effects at all interconnected 
and adjoining details shall be considered to assure proper performance of the structural system. 

1916.2.3 Effects of initial and long-time deflections shall be considered including effects on inter­
connected elements. 

1916.2.4 Design of joints and bearings shall include effects of all forces to be transmitted, includ­
ing shrinkage, creep, temperature, elastic deformation, wind and earthquake. 

1916.2.5 All details shall be designed to provide for manufacturing and erection tolerances and 
temporary erection stresses. 

1916.3 Precast Wall Panels. 

1916.3.1 Precast bearing and nonbearing walls shall be designed in accordance with provisions of 
Section 1914. Design shall include effects of temperature and shrinkage. 

1916.3.2 Where precast panels are designed to span horizontally to columns or isolated footings, 
the ratio of height to thickness shall not be limited, provided the effect of deep beam action, lateral 
buckling, vertical buckling (including P ~effects) and deflections are provided for in the design. 
See Sections 1910.7 and 1910.10. 

1916.4 Details. 

1916.4.1 All details of reinforcement, connections, bearing seats, inserts, anchors, concrete cover, 
openings, lifting devices, fabrication and erection tolerances shall be shown on the shop drawings. 

1916.4.2 When approved by the building official, embedded items (such as dowel> or inserts) that 
either protrude from concrete or remain exposed for inspection may be embedded while concrete is 
in a plastic state, provided: 

1916.4.2.1 Embedded items are not required to be hooked or tied to reinforcement within plastic 
concrete. 

1916.4.2.2 Embedded items are maintained in correct position while concrete remains plastic, 
and 

1916.4.2.3 Embedded items are properly anchored to develop required facton:d loads. 

1916.5 Identification and Marking. 

1916.5.1 Each precast member or element shall be marked to indicate location in the structure, top 
surface and date of fabrication. 

1916.5.2 Identification marks shall correspond to the placing plans. 

1916.6 Transportation, Storage and Erection. 

1916.6.1 During curing, form removal, storage, transportation and erection, precm.t members shall 
not be overstressed, warped or otherwise damaged or have camber adversely affected. 

1916.6.2 Precast members shall be adequately braced and supported during erection to ensure 
proper alignment and structural integrity until permanent connections are compkted. 

SECTION 1917- COMPOSITE CONCRETE FLEXURAL MEMBERS 

1917.0 Notations. 

Ac = area of contact surface being investigated for horizontal shear, square inches (mm2). 

Av = area of ties within a distance s, square inches (mm2). 

hv = width of cross section at contact surface being investigated for horizon1al shear. 
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d distance from extreme compression fiber to centroid of tension reinforcement for entire 
composite section, inches (mm). 

h overall thickness of composite members, inches (mm). 
s spacing of ties measured along the longitudinal axis of the member, inches (mm). 

Vnh nominal horizontal shear strength. 
Vu = factored shear force at section. 

A. = correction factor related to unit weight of concrete. 
Pv ratio of tie reinforcement area to area of contact surface. 

Avlbvs 
cjl strength-reduction factor. See Section 1909.3. 

1917.1 Scope. 

1917.1.1 Provisions of this section shall apply for design of composite concr~te flexural members 
defined as precast or cast-in-place concrete elements or both constructed in separate placements but 
so interconnected that all elements respond to loads as a unit. 

1917.1.2 All provisions of this code shall apply to composite concrete flexur2.l members, except as 
specifically modified in this section. 

1917.2 General. 

1917.2.1 An entire composite member or portions thereof may be used in re:;isting shear and mo­
ment. 

1917.2.2 Individual elements shall be investigated for all critical stages of loading. 

1917.2.3 If the specified strength, unit weight or other properties of the various elements are differ­
ent, properties of the individual elements or the most critical values shall be used in design. 

1917.2.4 In strength computations of composite members, no distinction shall be made between 
shored and unshored members. 

1917.2.5 All elements shall be designed to support all loads introduced prior to full development of 
design strength of composite members. 

1917.2.6 Reinforcement shall be provided as required to control cracking a11d to prevent separa­
tion of individual elements of composite members. 

1917.2.7 Composite members shall meet requirements for control of deflections in accordance 
with Section 1909.5.5. 

1917.3 Shoring. When used, shoring shall not be removed until supported elements have devel­
oped design properties required to support all loads and limit deflections and cracking at time of 
shoring removal. 

1917.4 Vertical Shear Strength. 

1917.4.1 When an entire composite member is assumed to resist vertical shear, design shall be in 
accordance with requirements of Section 1911 as for a monolithically cast member of the same 
cross-sectional shape. 

1917.4.2 Shear reinforcement shall be fully anchored into interconnected elements in accordance 
with Section 1912.13. 

1917.4.3 Extended and anchored shear reinforcement may be included as tie; for horizontal shear. 

1917.5 Horizontal Shear Strength. 

1917.5.1 In a composite member, full transfer of horizontal shear forces shall be assured at contact 
surfaces of interconnected elements. 
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1917.5.1.1 Full transfer of horizontal shear forces may be assumed when all of the following are 
satisfied: 

1. Contact surfaces are clean, free of laitance, and intentionally roughened to ~full amplitude 
of approximately% inch (6.4 mm), 

2. Minimum ties are provided in accordance with Section 1917.6, 

3. Web members are designed to resist total vertical shear, and 

4. All shear reinforcement is fully anchored into all interconnected elements. 

1917.5.1.2 If all requirements of Section 1917.5.1.1 are not satisfied, horizontd shear shall be 
investigated in accordance with Section 1917.5.2 or 1917.5.3. 

1917.5.2 Unless calculated in accordance with Section 1917.5.3, design of cross sections subject 
to horizontal shear shall be based on 

(17-1) 

where Vu is factored shear force at section considered and Vnh is nominal horizontal shear strength 
in accordance with the following: 

1917.5.2.1 When contact surfaces are clear, free of laitance and intentionally roughened, shear 
I strength Vnh shall not be taken greater than 80b,;d, in pounds (0.55 b,;d, in new:ons). 

1917.5.2.2 When minimum ties are provided in accordance with Section 1917.6 and contact sur­
faces are clean and free of laitance, but not intentionally roughened, shear strength Vnh shall not 
be taken greater than 80b,;d, in pounds (0.55 b,;d, in newtons). 

1917.5.2.3 When minimum ties are provided in accordance with Section 1917.6 and contact sur­
faces are clean, free of laitance, and intentionally roughened to a full amplitude cf approximately 
1/4 inch (6.4 mm), shear strength Vnh shall be taken equal to (260 + 0.6Pvfv)bvd in pounds [(1.79 + 
0.6Pvfv)b,;d, in newtons], but not greater than 500 b,;d in pounds (3.5 b,;d, in newtons). Values for A 
in Section 1911.7.4.3 shall apply. 

1917.5.2.4 When factored shear force Vu at section considered exceeds <j>(500b,;d) [For SI: 
<j>(3.5b,;d)], design for horizontal shear shall be in accordance with Section 19: 1.7.4. 

1917.5.2.5 When determining nominal horizontal shear strength over prestressed concrete ele­
ments, d shall be as defined or 0.8h, whichever is greater. 

1917.5.3 Horizontal shear may be investigated by computing the actual compressive or tensile 
force in any segment, and provisions made to transfer that force as horizontal shear to the support­
ing element. The factored horizontal shear force shall not exceed horizontal shear :;trength <!>Ynh as 

I 
given in Sections 1917.5.2.1 through 1917.5.2.4 where area of contact surface Ac shall be substi­
tuted for b,;d. 

1917.5.3.1 When ties provided to resist horizontal shear are designed to satisfy Section 
1917.5.3, the tie-area-to-tie-spacing ratio along the member shall approximately reflect the dis­
tribution of shear forces in the member. 

1917.5.4 When tension exists across any contact surface between interconnected elements, shear 
transfer by contact may be assumed only when minimum ties are provided in accordance with Sec­
tion 1917.6. 

1917.6 Ties for Horizontal Shear. 

1917.6.1 When ties are provided to transfer horizontal shear, tie area shall not be less than that re­
quired by Section 1911.5.5.3 and tie spacing shall not exceed four times the least d mension of sup­
ported element, or 24 inches (610 mm). 
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1917.6.2 Ties for horizontal shear may consist of single bars or wire, multiple leg stirrups or verti-
cal legs of welded wire fabric (plain or deformed). I 
1917.6.3 All ties shall be fully anchored into interconnected elements in aceoxdance with Section 
1912.13. 

SECTION 1918- PRESTRESSED CONCRETE 

1918.0 Notations. 

A 

Aps 

As 

A~ 

b 
D 

d 

d' 

dp 
e 

f'c 

!Fe 

= 

= 

area of that part of cross section between flexural tension face and center of gravity of 
gross section, square inches (mm2). 

area of prestressed reinforcement in tension zone, square inches (mm2). 

area of nonprestressed tension reinforcement, square inches (mm2:1. 
area of compression reinforcement, square inches (mm2). 

width of compression face of member, inches (mm). 

dead loads or related internal moments and forces. 

distance from extreme compression fiber to centroid of nonprestres1:ed tension reinforce­
ment, inches (mm). 

distance from extreme compression fiber to centroid of compression reinforcement, 
inches (mm). 

distance from extreme compression fiber to centroid of prestressed reinforcement. 

base of Napierian logarithms. 

specified compressive strength of concrete, pounds per square inch (MPa). 

square root of specified compressive strength of concrete, pound; per square inch; or 
square root of compressive strength of concrete at time of initial prestress, pounds per 
square inch (MPa). 

!'ci compressive strength of concrete at time of initial prestress, pounds per square inch 
(MPa). 
average compressive stress in concrete due to effective prestress force only (after allow­
ance for all prestress losses), pounds per square inch (MPa). 

= stress in prestressed reinforcement at nominal strength, pounds pe· square inch (MPa). 

specified tensile strength of prestressing tendons, pounds per square inch (MPa). 

specified yield strength of prestressing tendons, pounds per square inch (MPa). 

modulus of rupture of concrete, pounds per square inch (MPa). 

fse effective stress in prestressed reinforcement (after allowance for all prestress losses), 
pounds per square inch (MPa). 

/y specified yield strength of non prestressed reinforcement, pounds per square inch (MPa). 

h overall thickness of member, inches (mm). 

K = wobble friction coefficient per foot (per mm) of prestressing tendon. 

L live loads or related internal moments and forces. 

• 

l = length of span of two-way flat plates in direction parallel to that of the reinforcement be-~ 
ing determined, inches (mm). See Formula (18-8). 

lx = length of prestressing tendon element from jacking end to any point x, feet (mm). See For­
mulas (18-1) and (18-2). 

Nc = tensile force in concrete due to unfactored dead load plus live load (D + L). 

Ps prestressing tendon force at jacking end. 
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Px = prestressing tendon force at any point x. 

a = total angular change of prestressing tendon profile in radians from tendon jacking end to 
any pointx. 

131 
Yp 

ll 
p 

p' 

= 

= 

factor defined in Section 1910.2.7 .I. 
factor for type of prestressing tendon. 

0.55 for /py/fpu not less than 0.80. 

0.40 for /py/fpu not less than 0.85. 
0.28 for /py/fpu not less than 0. 90. 

curvature friction coefficient. 
ratio of nonprestressed tension reinforcement. 

Aslbd. 

ratio of compression reinforcement. 

A~lbd. 

Pp = ratio of prestressed reinforcement. 

Ap.Jbdp. 

<1> strength-reduction factor. See Section 1909.3. 

W Pf/f'c· 
w' p'/y!f'c· 

CJ.P Pp/ps!f'c· 

ffi.v, CJ.Pw• W'w 
reinforcement indices for flanged sections computed as for w, o.p. and m' except that b 
shall be the web width, and reinforcement area shall be that required to develop compres­
sive strength of web only. 

1918.1 Scope. 

1918.1.1 Provisions of this section shall apply to members prestressed with wire, strands or bars 
conforming to provisions for prestressing tendons. 

1918.1.2 All provisions of this code not specifically excluded, and not in conflict with provisions 
of this section, shall apply to prestressed concrete. 

1918.1.3 The following provisions of this code shall not apply to prestressed concrete, except as 
specifically noted: Sections 1907.6.5, 1908.4, 1908.10.2 through 1908.1 0.4, 1908. 11, 1910.3.2 and 
1910.3.3, 1910.5, 1910.6, 1910.9.1, 1913, 1914.3, 1914.5 and 1914.6. 

1918.2 General. 

1918.2.1 Prestressed members shall meet the strength requirements specified in this code. 

1918.2.2 Design of prestressed members shall be based on strength and on behavic>r at service con­
ditions at all load stages that may be critical during the life of the structure from the time prestress is 
first applied. 

1918.2.3 Stress concentrations due to prestressing shall be considered in design. 

1918.2.4 Provisions shall be made for effects on adjoining construction of elastic and plastic defor­
mations, deflections, changes in length and rotations due to prestressing. Effects of temperature and 
shrinkage shall also be included. 

1918.2.5 Possibility of buckling in a member between points where concrete and prestressing ten­
dons are in contact and of buckling in thin webs and flanges shall be considered. 
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1918.2.6 In computing section properties prior to bonding of prestressing tendons, effect of loss of 
area due to open ducts shall be considered. 

1918.3 Design Assumptions. 

1918.3.1 Strength design of prestressed members for flexure and axial loads shall be based on as­
sumptions given in Section 1910.2, except Section 1910.2.4, shall apply only to reinforcement con- I 
forming to Section 1903.5.3. 

1918.3.2 For investigation of stresses at transfer of prestress, at service loads and at cracking loads, 
straight-line theory may be used with the following assumptions: 

1918.3.2.1 Strains vary linearly with depth through entire load range. 

1918.3.2.2 At cracked sections, concrete resists no tension. 

1918.4 Permissible Stresses in Concrete-Flexural Members. 

1918.4.1 Stresses in concrete immediately after prestress transfer (before time-dependent pre­
stress losses) shall not exceed the following: 

1. Extreme fiber stress in compression ..................................... 0.60f'ci 

2. Extreme fiber stress in tension except as permitted in Item 3 . . 3 /i'~ (For SI: 0.25 /i':;) 
3. Extreme fiber stress in tension at ends of simply supported 

members . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 /i'~ (For SI: 0.50 /i':;) 
Where computed tensile stresses exceed these values, bonded auxiliary reinforcement (nonpre­
stressed or prestressed) shall be provided in the tensile zone to resist the total tensile force in con­
crete computed with the assumption of an uncracked section. 

1918.4.2 Stresses in concrete at service loads (after allowance for all prestres:; losses) shall not ex­
ceed the following: 

1. Extreme fiber stress in compression . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.45f~· 

2. Extreme fiber stress in tension in precompressed tensile zone . . 6 jj~ (For SI: 0.50 ~) 
3. Extreme fiber stress in tension in precompressed tensile zone of memters (except 

two-way slab systems) where analysis based on transformed cracked sections and on 
bilinear moment-deflection relationships show that immediate and long-tim~ deflections 
comply with requirements of Section 1909.5.4, and where cover requirements comply 

with Section 1907.7.3.2 ..................................... 12yf': (ForSI: 1.0~) 
1918.4.3 Permissible stresses in concrete of Sections 1918.4.1 and 1918.4.:~ may be exceeded if 
shown by test or analysis that performance will not be impaired. 

1918.5 Permissible Stress in Prestressing Tendons. 

1918.5.1 Tensile stress in prestressing tendons shall not exceed the following: 

1. Due to tendon jacking force ........................................... 0.94/py 
but not greater than the lesser of 0.80 /pu and the maximum value recommended by 
manufacturer of prestressing tendons or anchorages. 

2. Immediately after prestress transfer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.82/py 
but not greater than 0.74/pu· 

3. Posttensioning tendons, at anchorages and couplers, immediately after 
tendon anchorage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 70/pu 

1918.6 Loss of Prestress. 

1918.6.1 To determine effective prestress fse, allowance for the following sources of loss of pre­
stress shall be considered: 
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I. Anchorage seating loss. 

2. Elastic shortening of concrete. 

3. Creep of concrete. 

4. Shrinkage of concrete. 

5. Relaxation of tendon stress. 

6. Friction loss due to intended or unintended curvature in posttensioning tendons. 

1918.6.2 Friction loss in posttensioning tendons. 

1918.6.2.1 Effect of friction loss in posttensioning tendons shall be computed b) 
Ps = Pxe (Kfx + 1-'a) 

When (Kl ± jl<X) is not greater than 0.3, effect of friction loss may be computed by 
P,, = Px (1 + Klx + p,a) 

(18-1) 

(18-2) 

1918.6.2.2 Friction loss shall be based on experimentally determined wobble K md curvature 11 
friction coefficients and shall be verified during tendon stressing operations. 

11918.6.2.3 Values of wobble and curvature coefficients used in design shall be s ilown on design 
drawings. 

1918.6.3 Where loss of prestress in member may occur due to connection of member to adjoining 
construction, such loss of prestress shall be allowed for in design. 

1918.7 Flexural Strength. 

1918.7.1 Design moment strength of flexural members shall be computed by the strength design 
methods of this chapter. For prestressing tendons, ips shall be substituted for fv in st ·ength computa-
tions. . 

1918.7.2 In lieu of a more accurate determination of/ps based on strain compatibility, the following 
approximate values of /ps shall be used if fse is not less than 0.5 /pu. 

I. For members with bonded prestressing tendons: 

+ + ( Yp [ fpu d , ]) Jps = Jpu 1 - {3
1 

Pp f'c + dp (w - W) (18-3) 

If any compression reinforcement is taken into account when calculating ips by Formula (18-3), 
the term 

[
fpu d '] PP f'c + dP (w - W ) 

shall be taken not less than 0.17 and d' shall be no greater than 0.15 dp. 
2. For members with unbonded prestressing tendons and with a span-to-depth ratio of 35 or less: 

J',. 
/ps = fse + 10,000 + JOOpp (18-4) 

f'c 
For SI: fps = fse + 69 + 1 OOpP 

but/p,v in Formula (I8-4) shall not be taken greater than.{py. or lfse + 60,000) (For Sl:fse + 413.7). 
3. For members with unbonded prestressing tendons and with a span-to-depth ratio greater than 

35: 

2-222 

J'c 
f,. + 10,000 + 300pp (18-5) 



1994 UNIFORM BUILDING CODE 

For SI: 
f',. 

fps = fse + 69 + 300pp 

1918.7.2-1918.9.3.2 

but/ps in Formula (18-5) shall not be taken greater than.{py. or ifse + 30,000) (For Sl:..fse + 206.9). 

1918.7.3 Nonprestressed reinforcement conforming to Section 1903.5.3, if used with prestressing I 
tendons, may be considered to contribute to the tensile force and may be included in moment 
strength computations at a stress equal to the specified yield strength.fY. Other nonprestressed rein­
forcement may be included in strength computations only if a strain compatibility analysis is made 
to determine stresses in such reinforcement. 

1918.8 Limits for Reinforcement of Flexural Members. 

1918.8.1 Ratio of prestressed and nonprestressed reinforcement used for computation of moment 
strength of a member, except as provided in this section shall be such that wP, [wp + (d/dp) 
(w - w')], or [wpw + (d/dp) (ww - w' w)l is not greater than 0.36 ~I· 

1918.8.2 When a reinforcement ratio in excess of that specified in this secticn is provided, design 
moment strength shall not exceed the moment strength based on the compression portion of the mo­
ment couple. 

1918.8.3 Total amount of prestressed and non prestressed reinforcement shall be adequate to devel­
op a factored load at least 1.2 times the cracking load computed on the basis of the modulus of rup­
ture f,. specified in Section 1909.5.2, Item 3, except for flexural members with shear and flexural 
strength at least twice that required by Section 1909.2. 

1918.9 Minimum Bonded Reinforcement. 

1918.9.1 A minimum area of bonded reinforcement shall be provided in all flexural members with 
unbonded prestressing tendons as required by Sections 1918.9.2 and 1918.9.3. 

1918.9.2 Except as provided in Section 1918.9.3, minimum area of bonded r~inforcement shall be 
computed by 

As = 0.004A (18-6) 

1918.9.2.1 Bonded reinforcement required by Formula (18-6) shall be uniformly distributed 
over precompressed tensile zone as close as practicable to extreme tension fiber. 

1918.9.2.2 Bonded reinforcement shall be required regardless of service bad stress conditions. 

One-way, unbonded, posttensioned slabs and beams shall be designed to carry the dead load 
of the slab or beam plus 25 percent of the unreduced superimposed live wad by some method 
other than the primary unbonded posttensioned reinforcement. Design shall be based on the 
strength method of design with a load factor and capacity reduction factor of one. All reinforce­
ment other than the primary unbonded reinforcement provided to meet other requirements of this 
section may be used in the design. 

1918.9.2.3 Maximum spacing limitations of Sections 1907.6.1 and 1908./0.5.2.for bonded re­
inforcement in slabs are not applicable to spacing of bonded reinforcemenr in members with un­
handed tendons. 

1918.9.3 For two-way flat plates, defined as solid slabs of uniform thickness, minimum area and 
distribution of bonded reinforcement shall be as follows: 

1918.9.3.1 Bonded reinforcement shall not be required in positive moment areas where com­
puted tensile stress in concrete at service load (after allowance for prestress losses) does not ex-

ceed 2 ffc (For SI: 0.166 ffc). 
1918.9.3.2 In positive moment areas where computed tensile stress in concrete at service load 

exceeds 2 jj'; (For SI: 0.166 ffc) minimum area of bonded reinforcement shall be computed by 
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(18-7) 

where design yield strengthfv shall not exceed 60,000 pounds per square inch (413.7 MPa). 
Bonded reinforcement shall be uniformly distributed over precompressed tensile zone as close as 
practicable to extreme tension fiber. 

1918.9.3.3 In negative moment areas at column supports, minimum area of bcnded reinforce­
ment in each direction shall be computed by 

A., = 0.00075hl (18-8) 

where l is length of span in direction parallel to that of the reinforcement be tng determined. 
Bonded reinforcement required by Formula (18-8) shall be distributed within a slab width be­
tween lines that are 1.5h outside opposite faces of the column support. At least fc,ur bars or wires 
shall be provided in each direction. Spacing of bonded reinforcement shall not exceed 12 inches 
(305 mm). 

1918.9.4 Minimum length of bonded reinforcement required by Sections 1918.9.2 and 1918.9.3 
shall be as follows: 

1918.9.4.1 In positive moment areas, minimum length of bonded reinforcem!nt shall be one 
third the clear span length and centered in positive moment area. 

1918.9.4.2 In negative moment areas, bonded reinforcement shall extend one sixth the clear 
span on each side of support. 

1918.9.4.3 Where bonded reinforcement is provided for design moment strength in accordance 
with Section 1918.7.3, or for tensile stress conditions in accordance with Section 1918.9.3.2, 
minimum length also shall conform to provisions of Section 1912. 

I 1918.10 Statically Indeterminate Structures. 

1918.10.1 Frames and continuous construction of prestressed concrete shall be designed for satis­
factory performance at service load conditions and for adequate strength. 

1918.10.2 Performance at service load conditions shall be determined by elastic analysis, consid­
ering reactions, moments, shears, and axial forces produced by prestressing, creep, shrinkage, tem­
perature change, axial deformation, restraint of attached structural elements and foundation 
settlement. 

1918.10.3 Moments to be used to compute required strength shall be the sum of the moments due to 
reactions induced by prestressing (with a load factor of 1.0) and the moments due tJ factored loads. 

I The sum of these moments may be adjusted as permitted in Section 1918.1 0.4. 

1918.10.4 Redistribution of negative moments in continuous prestressed flexural members. 

1918.10.4.1 Where bonded reinforcement is provided at supports in accordan~e with Section 
1918.9.2, negative moments calculated by elastic theory for any assumed loading arrangement may 
be increased or decreased by not more than 

[ 
wP + (d/dp) (w - w')] 

20 1 - 0.
36

fJ 
1 

percent 

1918.10.4.2 The modified negative moments shall be used for calculating moments at sections 
within spans for the same loading arrangement. 

1918.10.4.3 Redistribution of negative moments shall be made only when the section at which mo­
ment is reduced is so designed that wP, [wp + (d/dp) (w - w')], or [wpw + (d/dp) 
(Ww - w' w)), whichever is applicable, is not greater than 0.24 ~I· 
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1918.11 Compression Members-Combined Flexure and Axial Loads. 

1918.11.1 Prestressed concrete members subject to combined flexure and axial load, with or with­
out nonprestressed reinforcement, shall be proportioned by the strength de:;ign methods of this 
chapter for members without prestressing. Effects of prestress, creep, shrinkage and temperature 
change shall be included. 

1918.11.2 Limits for reinforcement of prestressed compression members. 

1918.11.2.1 Members with average prestress.{pc less than 225 psi (1.55 MPa) shall have minimum 
reinforcement in accordance with Sections 1907.10, 1910.9.1 and 1910.9.2 for columns, or Section 
1914.3 for walls. 

1918.11.2.2 Except for walls, members with average prestress fpc equal to or greater than 225 psi 
( 1.55 MPa) shall have all prestressing tendons enclosed by spirals or lateral ties in accordance with 
the following: 

1. Spirals shall conform to Section 1907.10.4. 

2. Lateral ties shall be at least No. 3 in size or welded wire fabric of equiv<,lent area, and spaced 
vertically not to exceed 48 tie bar or wire diameters or least dimension of compression mem­
ber. 

3. Ties shall be located vertically not more than half a tie spacing above top of footing or slab in 
any story, and shall be spaced as provided herein to not more than half a tie spacing below 
lowest horizontal reinforcement in members supported above. 

4. Where beams or brackets frame into all sides of a column, ties may be terminated not more 
than 3 inches (76 mm) below lowest reinforcement in such beams or brackets. 

1918.11.2.3 For walls with average prestress .fPc equal to or greater than 225 p:mnds per square inch 
(1.55 MPa), minimum reinforcement required by Section 1914.3 may be watved where structural 
analysis shows adequate strength and stability. 

1918.12 Slab Systems. 

1918.12.1 Factored moments and shears in prestressed slab systems reinforced for flexure in more 
than one direction shall be determined in accordance with provisions of Section 1913.7, excluding 
Sections 1913.7.7.4 and 1913.7.7.5, or by more detailed design procedures. 

1918.12.2 Moment strength of prestressed slabs at every section shall be at least equal to the re­
quired strength considering Sections 1909.2, 1909.3, 1918.10.3 and 1918.10.4. Shear strength of 
prestressed slabs at columns shall be at least equal to the required strength considering Sections 
1909.2, 1909.3, 1911.1, 1911.12.2and 1911.12.6.2. 

1918.12.3 At service load conditions, all serviceability limitations, including specified limits on 
deflections, shall be met, with appropriate consideration of the factors listed in Section 1918.1 0.2. 

1918.12.4 For normal live loads and load uniformly distributed, spacing of p·estressing tendons or 
groups of tendons in one direction shall not exceed eight times the slab thickness, or 5 feet ( 1524 
mm). Spacing of tendons also shall provide a minimum average prestress, after allowance for all 
prestress losses, of 125 psi (0.86 MPa) on the slab section tributary to the tendon or tendon group. A 
minimum of two tendons shall be provided in each direction through the critkal shear section over 
columns. Special consideration of tendon spacing shall be provided for slabs with concentrated 
loads. 

1918.12.5 In slabs with unbonded prestressing tendons, bonded reinforcement shall be provided in 
accordance with Sections 1918.9.3 and 1918.9.4. 

1918.12.6 In lift slabs, bonded bottom reinforcement shall be detailed in accordance with the last I 
paragraph of Section 1913.4.8.6. 
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1918.13 Tendon Anchorage Zones. 

1918.13.1 Reinforcement shall be provided where required in tendon anchorage zones to resist 
bursting, splitting and spalling forces induced by tendon anchorages. Regions of abrupt change in 
section shall be adequately reinforced. 

1918.13.2 End blocks shall be provided where required for support bearing or for distribution of 
concentrated prestressing forces. 

1918.13.3 Posttensioning anchorages and supporting concrete shall be designed to resist maxi­
mum jacking force for strength of concrete at time of prestressing. 

1918.13.4 Posttensioning anchorage zones shall be designed to develop the guaranteed ultimate 
tensile strength of prestressing tendons using a strength-reduction factor (j> of 0. 90 for concrete. 

1918.14 Corrosion Protection for Unbonded Prestressing Tendons. 

1918.14.1 Unbonded tendons shall be completely coated with suitable materialt.o ensure corro­
sion protection. 

1
1918.14.2 Tendon cover shall be continuous over entire length to be unbonded, ar1d shall prevent 
intrusion of cement paste or loss of coating materials during concrete placement. 

1918.14.3 Unbonded single strand tendons shall be protected against corrosion. 

1918.15 Posttensioning Ducts. 

1918.15.1 Ducts for grouted or unbonded tendons shall be mortar-tight and nonreactive with con­
crete, tendons or filler materials. 

1918.15.2 Ducts for grouted single wire, strand or bar tendons shall have an inside diameter at least 
lf4 inch (6.4 mm) larger than tendon diameter. 

1918.15.3 Ducts for grouted multiple wire, strand or bar tendons shall have an inside cross-
1 sectional area at least two times the area of tendons. 

1918.15.4 Ducts shall be maintained free of water if members to be grouted are exposed to temper­
atures below freezing prior to grouting. 

1918.16 Grout for Bonded Prestressing Tendons. 

1918.16.1 Grout shall consist of portland cement and water; or portland cement, sand and water. 

1918.16.2 Materials for grout shall conform to the following: 

1918.16.2.1 Portland cement shall conform to Section 1903.2. 

1918.16.2.2 Water shall conform to Section 1903.4. 

1918.16.2.3 The gradation sand may be modified as necessary to obtain satisfactory workabil­
ity. 

1918.16.2.4 Admixtures conforming to Section 1903.6 and known to have no injurious effects 
on grout, steel or concrete may be used. Calcium chloride shall not be used. 

1918.16.3 Selection of grout proportions. 

1918.16.3.1 Proportions of materials for grout shall be based on either of the following: 

1. Results of tests on fresh and hardened grout prior to beginning grouting op·~rations, or 

2. Prior documented experience with similar materials and equipment and under comparable 
field conditions. 
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1918.16.3.2 Cement used in the work shall correspond to that on which selection of grout propor­
tions was based. 

1918.16.3.3 Water content shall be the minimum necessary for proper pumping of grout; however, 
water-cementitous materials ratio shall not exceed 0.45 by weight. 

1918.16.3.4 Water shall not be added to increase grout flowability that ha; been decreased by 
delayed use of grout. 

1918.16.4 Mixing and pumping grout. 

1918.16.4.1 Grout shall be mixed in equipment capable of continuous mechanical mixing and agi­
tation that will produce uniform distribution of materials, passed through scre,!ns, and pumped in a 
manner that will completely fill tendon ducts. 

1918.16.4.2 Temperature of members at time of grouting shall be above 35°F. (1.7°C.) and shall 
be maintained above 35°F. (t.rC.) until field-cured 2-inch (51 mm) cubes cf grout reach a mini­
mum compressive strength of 800 pounds per square inch (5.52 MPa). 

1918.16.4.3 Grout temperatures shall not be above 90°F. (32.2°C.) during mixing and pumping. 

1918.17 Protection for Prestressing Tendons. Burning or welding operations in vicinity of pre­
stressing tendons shall be carefully performed so that tendons are not subject to excessive tempera­
tures, welding sparks or ground currents. 

1918.18 Application and Measurement of Prestressing Force. 

1918.18.1 Prestressing force shall be determined by both of the following methods: 

1. Measurement of tendon elongation. Required elongation shall be dete1mined from average 
load-elongation curves for the prestressing tendons used. 

2. Observation of jacking force on a calibrated gauge or load cell or by use of a calibrated dyna­
mometer. 

Cause of any difference in force determination between 1 and 2 that exceeds 5 percent for preten­
sioned elements or 7 percent for post-tensioned construction shall be ascertHined and corrected. 

1918.18.2 Where transfer of force from bulkheads of pretensioning bed to concrete is accom­
plished by flame cutting prestressing tendons, cutting points and cutting sequence shall be predeter­
mined to avoid undesired temporary stresses. 

1918.18.3 Long lengths of exposed pretensioned strand shall be cut near the member to minimize 
shock to concrete. 

1918.18.4 Total loss of prestress due to unreplaced broken tendons shall not exceed 2 percent of 
total prestress. 

1918.19 Posttensioning Anchorages and Couplers. 

1918.19.1 Anchorages and couplers for bonded and unbonded prestressed tendons shall develop at 
least 95 percent of the specified breaking strength of the tendons, when tested in an unbonded con­
dition, without exceeding anticipated set. 

For bonded tendons, anchorages and couplers shall be located so that 100 percent of the specified 
breaking strength of the tendons shall be developed at critical sections after t ~ndons are bonded in 
the member. 

1918.19.2 Couplers shall be placed in areas approved by the building official md enclosed in hous­
ing long enough to permit necessary movements. 

1918.19.3 In unbonded construction subject to repetitive loads, special attention shall be given to 
the possibility of fatigue in anchorages and couplers. 
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1918.19.4 Anchorages, couplers and end fittings shall be permanently protected against corrosion. 

SECTION 1919- SHELLS AND FOLDED PLATES 

1919.0 Notations. 

Ec 

f'c 

!Fe 
/y 
h 

ld 

4> 

= 
= 

modulus of elasticity of concrete, pounds per square inch (MPa). See s~ ction 1908.5.1. 

specified compressive strength of concrete, pounds per square inch (Mf'a). 

square root of specified compressive strength of concrete, pounds per square inch (MPa). 

specified yield strength of nonprestressed reinforcement, pounds per square inch (MPa). 

thickness of shell or folded plate, inches (mm). 

development length, inches (mm). 

strength-reduction factor. See Section 1909.3. 

1919.1 Scope and Definitions. 

1919.1.1 Provisions of Section 1919 shall apply to thin-shell and folded-plate concrete structures, 
including ribs and edge members. 

1919.1.2 All provisions of Chapter 19 not specifically excluded, and not in conflict with provisions 
of Section 1919, shall apply to thin-shell structures. 

AUXILIARY MEMBERS are ribs or edge beams which serve to strengthen, stiffen and/or sup­
port the shell; usually, auxiliary members act jointly with the shell. 

ELASTIC ANALYSIS is an analysis of deformations and internal forces based on equilibrium, 
compatibility of strains and assumed elastic behavior and representing to suitabk approximation 
the three-dimensional action of the shell together with its auxiliary members. 

EXPERIMENTAL ANALYSIS is an analysis procedure based on the measmement of defor­
mations and/or strains of the structure or its model; experimental analysis may be based on either 
elastic or inelastic behavior. 

FOLDED PLATES are a special class of shell structures formed by joining flat, thin slabs along 
their edges so as to create a three-dimensional spatial structure. 

INELASTIC ANALYSIS is an analysis of deformations and internal forces ba:;ed on equilibri­
um, nonlinear stress-strain relations for concrete and reinforcement, consideration of cracking and 
time-dependent effects and compatibility of strains. The analysis shall represent to suitable approx­
imation the three-dimensional action of the shell together with its auxiliary members. 

RIBBED SHELLS are spatial structures with material placed primarily along certain preferred 
rib lines, with the area between the ribs filled with thin slabs or left open. 

THIN SHELLS are three-dimensional spatial structures made up of one or more curved slabs or 
folded plates whose thicknesses are small compared to their other dimensions. Thin shells are char­
acterized by their three-dimensional load-carrying behavior which is determined JY the geometry 
of their forms, by the manner in which they are supported and by the nature of tbe applied load. 

1919.2 Analysis and Design. 

1919.2.1 Elastic behavior shall be an accepted basis for determining internal forces and displace­
ments of thin shells. This behavior may be established by computations based on an analysis of the 
uncracked concrete structure in which the material is assumed linearly elastic, hCimogeneous and 
isotropic. Poisson's ratio of concrete may be assumed equal to zero. 

1919.2.2 Inelastic analysis may be used where it can be shown that such methocs provide a safe 
basis for design. 
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1919.2.3 Equilibrium checks of internal resistances and external loads sha I be made to ensure 
consistency of results. 

1919.2.4 Experimental or numerical analysis procedures may be used where it can be shown that 
such procedures provide a safe basis for design. 

1919.2.5 Approximate methods of analysis not satisfying compatibility of strains either within the 
shell or between the shell and auxiliary members may be used where it can be shown that such meth­
ods provide a safe basis for design. 

1919.2.6 In prestressed shells, the analysis must also consider behavior under loads induced during 
prestressing, at cracking load and at factored load. Where prestressing tendons are draped within a 
shell, design shall take into account force components on the shell resulting from tendon profile not 
lying in one plane. 

1919.2.7 The thickness h of a thin shell and its reinforcement shall be proport:oned for the required 
strength and serviceability. All elements shall be proportioned by the same method, using either the 
strength design method of Section 1908.1.1 or the alternate design method of Section 1926. 

1919.2.8 Shell design shall investigate and preclude the possibility of genenl or local instability. 

1919.2.9 Auxiliary members shall be designed according to the applicable provisions of this code. 
The design method selected for shell elements under Section 1919.2.7 shall alw be used for auxilia­
ry members. A portion of the shell equal to the flange width specified in Section 1908.10 may be 
assumed to act with the auxiliary member. In such portions of the shell, the reinforcement perpen­
dicular to the auxiliary member shall be at least equal to that required for the flange of aT-beam by 
Section 1908. I 0.5. 

1919.3 Design Strength of Materials. 

1919.3.1 Specified compressive strength of concretef'c at 28 days shall not be less than 3,000 psi 
(20.69 MPa). 

1919.3.2 Specified yield strength ofnonprestressed reinforcementfv shall rot exceed 60,000 psi 
(413.7 MPa). . 

1919.4 Shell Reinforcement. 

1919.4.1 Shell reinforcement shall be provided to resist tensile stresses from internal membrane 
forces, to resist bending and twisting moments, to control shrinkage and temperature cracking and 
as special reinforcement as shell boundaries, load attachments and shell openings. 

1919.4.2 Membrane reinforcement shall be provided in two or more directions in all parts of the 
shell. 

1919.4.3 The area of shell reinforcement at any section as measured in two orthogonal directions 
shall not be less than the slab shrinkage or temperature reinforcement required by Section 1907.12. 

1919.4.4 Reinforcement required to resist shell membrane forces shall be provided so that the de­
sign strength in every direction shall be at least equal to the component of the principal membrane 
forces in the same direction due to factored loads. 

1919.4.5 The area of shell tension reinforcement shall be limited so that the reinforcement will 
yield before crushing of concrete in compression can take place. 

1919.4.6 In regions of high tension, membrane reinforcement shall, if praoical, be placed in the 
general directions of the principal tensile membrane forces. Where this is no: practical, membrane 
reinforcement may be placed in two or more component directions. 

1919.4.7 If the direction of reinforcement varies more than 10 degrees from the direction of princi­
pal tensile membrane force, the amount of reinforcement may have to be mcreased to limit the 
width of possible cracks at service load levels. 
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1919.4.8 Where the magnitude of the principal tensile membrane stress within the shell varies 
greatly over the area of the shell surface, reinforcement resisting the total tension may be concen­
trated in the regions of largest tensile stress where it can be shown that this provide~ a safe basis for 
design. However, the ratio of shell reinforcement in any portion of the tensile zone shall not be less 
than 0.0035 based on the overall thickness of the shell. 

1919.4.9 Reinforcement required to resist shell bending moments shall be proportioned with due 
regard to the simultaneous action of membrane axial forces at the same location. Where shell rein­
forcement is required in only one face to resist bending moments, equal amounts shall be placed 
near both surfaces of the shell even though a reversal of bending moments is not indicated by the 
analysis. 

1919.4.10 Shell reinforcement in any direction shall not be spaced farther apart than 18 inches (457 
mm), or five times the shell thickness. Where the principal membrane tensile stress on the gross 

concrete area due to factored loads exceeds 4 ifJ ffc (For SI: 0.33 ifJ ffc), reinforcement shall not 
be spaced farther apart than three times the shell thickness. 

1919.4.11 Shell reinforcement at the junction of the shell and supporting members or edge mem­
bers shall be anchored in or extended through such members in accordance with the requirements of 
Section 1912, except that the minimum development length shall be 1.2 d but not le::s than 18 inches 
(457 mm). 

1919.4.12 Splice development lengths of shell reinforcement shall be governed by the provisions 
of Section 1912, except that the minimum splice length of tension bars shall be 1.~. times the value 
required by Section 1912 but not less than 18 inches ( 457 mm). The number of splices in principal 
tensile reinforcement shall be kept to a practical minimum. Where splices are nec(:ssary, they shall 
be staggered at least ld with not more than one third of the reinforcement spliced at any section. 

1919.5 Construction. 

1919.5.1 When removal of formwork is based on a specific modulus of elasticity of concrete be­
cause of stability or deflection considerations, the value of the modulus of elasticity Ec shall be de­
termined from flexural tests of field-cured beam specimens. The number of test specimens, the 
dimensions of test beam specimens and test procedures shall be specified. 

1919.5.2 The tolerances for the shape of the shell shall be specified. If constructio~ results in devi­
ations from the shape greater than the specified tolerances, an analysis of the effect of the deviations 
shall be made and any required remedial actions shall be taken to ensure safe behavior. 

SECTION 1920- STRENGTH EVALUATION OF EXISTING STRUCTURES 

1920.0 Notations. 
a = 

D = 
h = 
L = 
lr = 

maximum deflection under test load of member relative to a line joining the ends of the 
span, or of the free end of cantilever relative to its support, inches (mm). 
dead loads, or related internal moments and forces. 
overall thickness of member, inches (mm). 
live loads, or related internal moments and forces. 
span of member under load test (shorter span of flat slabs and of slabs supported on four 
sides). Span of member, except as provided in Section 1920.4.9, is distance between cen-
ters of supports or clear distance between supports plus depth of member, whichever is 
smaller, inches (mm). 

1920.1 Strength Evaluation-General. If doubt develops concerning the safety of a structure or 
member, or low-strength concrete or both is confirmed in accordance with Sectio ~ 1905.6.4.4 and 
computations indicate that load-carrying capacity has been significantly reduced, the engineer or 
building official may order a load test. 
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1920.2 Analytical Investigations-General. 

1920.2.1 If strength evaluation is by analysis, a thorough field investigation shall be made of di­
mensions and details of members, properties of materials and other pertinent conditions of the 
structure as actually built. 

1920.2.2 Analyses based on investigation required by this subsection shall shtisfy the building of­
ficial that the load factors meet requirements and intent of this code. See Se•:tion 1920.6. 

1920.3 Load Tests-General. 

1920.3.1 If strength evaluation is by load tests, a qualified engineer acceptabl~ to the building offi­
cial shall control such tests. 

1920.3.2 A load test shall not be made until that portion of the structure to bo: subject to load is at 
least 56 days old. When the owner of the structure, the contractor and all involved parties mutually 
agree, the test may be made at an earlier age. 

1920.3.3 When only a portion of the structure is to be load tested, the questio11able portion shall be 
load tested in such a manner as to adequately test the suspected source of w~akness. 

1920.3.4 Forty-eight hours prior to application of test load, a load to simulate effect of that portion 
of the dead loads not already acting shall be applied and shall remain in place until all testing has 
been completed. 

1920.4 Load Tests of Flexural Members. 

1920.4.1 When flexural members, including beams and slabs, are load tested, the following addi­
tional provisions of this subsection shall apply. 

1920.4.2 Base readings (datum for deflection measurements) shall be made immediately prior to 
application of test load. 

1920.4.3 That portion of the structure selected for loading shall be subject to a total load, including 
dead loads already acting, equivalent to 0.85 (lAD + I. 7 L). Determination of L shall include live 
load reductions as permitted by Section 1606. 

1920.4.4 Test load shall be applied in not less than four approximately equal increments without 
shock to the structure and in such a manner as to avoid arching of loading materials. 

1920.4.5 After test load has been in position for 24 hours, initial deflection readings shall be taken. 

1920.4.6 Test load shall be removed immediately after initial deflection readmgs, and final deflec­
tion readings shall be taken 24 hours after removal of the test load. 

1920.4.7 If the portion of the structure tested shows visible evidence of failure, the portion tested 
shall be considered to have failed the test and no retesting of the previously tested portion shall be 
permitted. 

1920.4.8 If the portion of the structure tested shows no visible evidence of failure, the following 
criteria shall be taken as indication of satisfactory behavior: 

I. If measured maximum deflection a of a beam, floor or roof is less than /1
2/20,000h. 

2. If measured maximum deflection a of a beam, floor or roof exceeds zl2/20,000h, deflection 
recovery within 24 hours after removal of the test load shall be at least 75 percent of the maxi­
mum deflection for nonprestressed concrete, or 80 percent for prestressed concrete. 

1920.4.9 In Sections 1920.4.8, Items 1 and 2, /1 for cantilevers shall be taken as two times the dis-
tance from support to cantilever end, and deflection shall be adjusted for any support movement. 

1920.4.10 Nonprestressed concrete construction failing to show 75 percent recovery of deflection 
as required by Section 1920.4.8, Item 2, may be retested not earlier than 72 hours after removal of 
the first test load. The portion of the structure tested shall be considered satisfactory if: 
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l. The portion of the structure tested shows no visible evidence of failure in he retest, and 

2. Deflection recovery caused by second test load is at least 80 percent of the maximum deflec-
tion in the second test. 

1920.4.11 Prestressed concrete construction shall not be retested. 

1920.5 Members Other Than Flexural Members. Members other than flexurai members pref­
erably shall be investigated by analysis. 

1920.6 Provision for Lower Load Rating. If the structure under investigation does not satisfy 

I conditions or criteria of Sections 1920.2 and 1920.4.8 or 1920.4.1 0, the structure rr,ay be permitted 
for use at a lower load rating based on the results of the load test or analysis, if <1pproved by the 
building official. 

1920.7 Safety. 

1920.7.1 Load tests shall be conducted in such a manner as to provide for safety of life and struc­
ture during the test. 

1920.7.2 No safety measures shall interfere with load test procedures or affect results. 

SECTION 1921- REINFORCED CONCRETE STRUCTURES RESISTING FORCES 
INDUCED BY EARTHQUAKE MOTIONS 

1921.0 Notations. 

~·v 

cross-sectional area of a structural member measured out-to-out of transverse reinforce­
ment, square inches (mm2). 
area of concrete section, resisting shear, of an individual pier or horizontal wall segment, 
square inches (mm2). 

net area of concrete section bounded by web thickness and length of sec1ion in the direc­
tion of shear force considered, square inches (mm2). 
gross area of section, square inches (mm2). 

effective cross-sectional area within a joint (see Section 1921.5.3.1 ). 

• b 

hw 

total cross-sectional area of transverse reinforcement (including crossties) within spac­
ing, s, and perpendicular to dimension, he . 

effective compressive flange width of a structural member, inches (mm). 

web width, or diameter of circular section, inches (mm). 

• 

d effective depth of section. 

db = bar diameter. 
E 

hw 
ld 

ldh 

lo 
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load effects of earthquake, or related internal moments and forces. 

specified compressive strength of concrete, psi (MPa). 
specified yield strength of reinforcement, psi (MPa). 

specified yield strength of transverse reinforcement, psi (MPa) . 

cross-sectional dimension of a column core or shear wall boundary zone measured cen­
ter-to-center of confining reinforcement. 

height of entire wall (diaphragm) or of the segment of wall (diaphragm) considered. 

development length for a straight bar. 

development length for a bar with a standard hook as defined in Formula (21-5). 

minimum length, measured from joint face along axis of structural member, over which 
transverse reinforcement must be provided, inches (mm). 
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lw = length of entire wall (diaphragm) or of segment of wall (diaphragm) considered in direc­
tion of shear force. 

Mpr probable flexural strength of members, with or without axial load, determined using the 
properties of the member at the joint faces assuming a tensile streng~h in the longitudinal 
bars of at least 1.25 /y and a strength-reduction factor <1> of 1.0. 

M5 portion of slab moment balanced by support moment. 
s = spacing of transverse reinforcement measured along the longitudinal axis of the structural 

member, inches (mm). 
s

0 
maximum spacing of transverse reinforcement, inches (mm). 

Vc nominal shear strength provided by concrete. 
Ve = design shear force determined from Section 1921.3.4.1 or 1921.4.~·.1. 

Vn nominal shear strength. 
Vu factored shear force at section. 
CX.:· coefficient defining the relative contribution of concrete strength to wall strength. 

p = ratio of non prestressed tension reinforcement 

Aslbd. 
p11 ratio of total reinforcement area to cross-sectional area of column. 

Pn ratio of distributed shear reinforcement on a plane perpendicular to plane of Acv· 

p_,. ratio of volume of spiral reinforcement to the core volume confined by the spiral rein­
forcement (measured out-to-out). 

Pv AsviAcv: where Asv is the projection on ~-v of area of distributed shear reinforcement 
crossing the plane of Acv· 

<1> strength-reduction factor. 

1921.1 Definitions. For the purposes of this section, certain terms are defined as follows: 

BASE OF STRUCTURE is the level at which earthquake motions are assu ned to be imparted to 
a building. This level does not necessarily coincide with the ground level. 

BOUNDARY ELEMENTS are portions along wall and diaphragm edges strengthened by lon­
gitudinal and transeverse reinforcement. Boundary elements do not necessarily require an increase 
in the thickness of the wall or diaphragm. Edges of openings within walls and diaphragms shall be 
provided with boundary elements if required by Sections 1921.6.5.1 and 19 2.1.6.6.1. 

COLLECTOR ELEMENTS are elements that serve to transmit the inertili forces with the dia­
phragms to members of the lateral-force-resisting systems. 

CONFINED CORE is the area within the core defined by he. 
CROSSTIE is a continuous bar having a hook of not less than 135 degree~. with an extension of 

not less than six diameters [but not less than 3 inches (76 mm)] at one end and a hook of not less than 
90 degrees with an extension of not less than six diameters at the other end. The hooks shall engage 
peripheral longitudinal bars. The 90-degree hooks of two successive crossties engaging the same 
longitudinal bar shall be alternated end for end. 

DESIGN LOAD COMBINATIONS are combinations of factored loads and forces specified in 
Sections 1909.2 and 1921.2.7. 

DEVELOPMENT LENGTH FOR A BAR WITH A STANDARD HOOK is the shortest dis­
tance between the critical section (where the strength of the bar is to be developed) and a tangent to 
the outer edge of the 90-degree hook. 

FACTORED LOADS AND FORCES are the specified loads and forces modified by the factors 
in Sections 1909.2 and 1921.2.7. 
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HOOP is a closed tie or continuously wound tie. A closed tie may be of several reinforcing ele­
ments with 135-degree hooks having a six-diameter [but not less than 3-inch (76 mm)] extension at 
each end. A continuously wound tie shall have at each end a 135-degree hook with a six-diameter 
[but not less than 3-inch (76 mm)] extension that engages the longitudinal reinforcement. 

LATERAL-FORCE-RESISTING SYSTEM is that portion of the structure composed of 
members proportioned to resist forces related to earthquake effects. 

LIGHTWEIGHT-AGGREGATE CONCRETE is all lightweight or sanded lightweight ag­
gregate concrete made with lightweight aggregates conforming to Section 1903.::'. 

SEISMIC HOOK is a I35-degree bend with a six-bar-diameter, but not less than 3-inch (76 mm), 
extension that engages the longitudinal reinforcement and projects into the interior of the stirrup or 
hoop. 

SHELL CONCRETE is concrete outside the transverse reinforcement confini 11g the concrete . 

SPECIFIED LATERAL FORCES are lateral forces corresponding to the appr~priate distribu­
tion of the design base shear force prescribed by the governing code for earthquake-resistant de­
sign. 

STRUCTURAL DIAPHRAGMS are structural members, such as floor and roof slabs, which 
transmit inertial forces to lateral-force-resisting members. 

STRUCTURAL TRUSSES are assemblages of reinforced concrete members subjected primar­
ily to axial forces. 

STRUT is an element of a structural diaphragm used to provide continuity around an opening in 
the diaphragm. 

TIE ELEMENTS are elements which serve to transmit inertia forces and prevent separation of 
such building components as footings and walls. 

WALL PIER is a wall segment with a horizontal length-to-thickness ratio between 2.5 and 6, and 
whose clear height is at least two times its horizontal length. 

1921.2 General Requirements. 

1921.2.1 Scope. 

1921.2.1.1 Section I92I contains special requirements for design and construction of reinforced 
concrete members of a structure for which the design forces, related to earthquake motions, have 
been determined on the basis of energy dissipation in the nonlinear range of response. 

1921.2.1.2 The provisions of Sections 1901 through 1918 shall apply except as modified by the 
provisions of Section 1921. 

1921.2.1.3 In Seismic Zones 0 and I, the provisions of Section I92I shall not apply. 

In Seismic Zone 2, reinforced concrete frames resisting forces induced by earthquake motions 
shall be intermediate moment-resisting frames proportioned to satisfy only Section I92I.8 in addi­
tion to the requirements of Sections I901 through I9I8.In Seismic Zone 2,frame members which 
are not designated to be part of the lateral-force-resisting system shall conform to Section I92I. 7.2. 

1921.2.1.4 In Seismic Zones 3 and 4, all structural reinforced concrete members that are part of the 
lateral-force-resisting system shall satisfy the requirements of Sections 1921.2 through 1921.7, in 
addition to the requirements of Sections 190 I through 1917. 

1921.2.1.5 A reinforced concrete structural system not satisfying the requirements of this section 
may be used if it is demonstrated by experimental evidence and analysis that the proposed system 
will have strength and toughness equal to or exceeding those provided by a comparable monolithic 
reinforced concrete structure satisfying this section. 
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1921.2.2 Analysis and proportioning of structural members. 

1921.2.2.1 The interaction of all structural and nonstructural members which materially affect the 
linear and nonlinear response of the structure to earthquake motions shall be considered in the anal­
ysis. 

1921.2.2.2 Rigid members assumed not to be a part of the lateral-force-resisting system may be 
used, provided their effect on the response of the system is considered and accommodated in the 
structural design. Consequences of failure of structural and nonstructural members which are not a 
part of the lateral-force-resisting system shall also be considered. 

1921.2.2.3 Structural members below base of structure required to transmit to the foundation 
forces resulting from earthquake effects shall also comply with the requirements of Section 1921. 

1921.2.2.4 All structural members assumed not to be part of the lateral-force-resisting system shall 
conform to Section 1921.7. 

1921.2.3 Strength-reduction factors. Strength-reduction factors shall be as given in Section 
1909.3. 

1921.2.4 Concrete in members resisting earthquake-induced forces. 

1921.2.4.1 Compressive strengthf'c shall not be less than 3,000 psi (20.69 \1Pa). 
EXCEPTION: Footings of buildings three stories or less may have concrete withf~· of not less than2,500 

psi (17.24 MPa). 

1921.2.4.2 Compressive strength of lightweight-aggregate concrete used in design shall not ex­
ceed 4,000 psi (27.58 MPa). Lightweight aggregate concrete with higher design compressive 
strength may be used if demonstrated by experimental evidence that structura members made with 
that lightweight aggregate concrete provide strength and toughness equal to or exceeding those of 
comparable members made with normal-weight aggregate concrete of the same strength. In no case 
shall the compressive strength of lightweight concrete used in design exceed 6, 000 psi (41.37 MPa). 

1921.2.5 Reinforcement in members resisting earthquake-induced forces. 

1921.2.5.1 Reinforcement resisting earthquake-induced flexural and axial forces in frame mem­
bers and in wall boundary elements shall comply with low alloy A 706. Billet ~:tee! A 615 Grades 40 
and 60 reinforcement may be used in these members if (1) the actual yield st.rength based on mill 
tests does not exceed the specified yield strength by more than 18,000 psi ( 124 .1 MPa) [retests shall 
not exceed this value by more than an additional 3,000 psi (20.69 MPa)], and (2) the ratio of the 
actual ultimate tensile stress to the actual tensile yield strength is not less than 1.25. 

1921.2.6 Welded splices and mechanically connected reinforcement. 

1921.2.6.1 Reinforcement resisting earthquake-induced flexural or axial forces in frame members 
or in wall boundary members are permitted to be spliced using welded splices or mechanical con­
nectors conforming to Section 1912.14.3.3 or 1912.14.3.4 provided not more than alternate bars in 
each layer of longitudinal reinforcement are spliced at a section and the cen :er-to-center distance 
between splices of adjacent bars is 24 inches (610 mm) or more measured along the longitudinal 
axis of the member. 

1921.2.6.2 Welding of stirrups, ties, inserts or other similar elements to longitudinal reinforcement 
required by design shall not be permitted. 

1921.2.7 Load factors. For earthquake loading, the load factors given in Formulas (9-2) and 
(9-3) shall be modified to: 

U = 1.4 (D + L +E) 

U = 0.9D ± 1.4£ 
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1921.3 Flexural Members of Frames. 

1921.3.1 Scope. Requirements of this section apply to frame members (1) resisting earth­
quake-induced forces and (2) proportioned primarily to resist flexure. These frame members shall 
also satisfy the following conditions: 

1921.3.1.1 Factored axial compressive force on the member shall not exceed (A,d'c/10). 

1921.3.1.2 Clear span for the members shall not be less than four times its eff<:ctive depth. 

1921.3.1.3 The width-to-depth ratio shall not be less than 0.3. 

1921.3.1.4 The width shall not be (1) less than 10 inches (254 mm) and (2) more than the width 
of the supporting member (measured on a plane perpendicular to the longitudinal axis of the flex­
ural member) plus distances on each side of the supporting member not exceeding three fourths 
of the depth of the flexural member. 

1921.3.2 Longitudinal reinforcement. 

1921.3.2.1 At any section of a flexural member and for the top as well as for botton reinforcement, 
the amount of reinforcement shall not be less than (200 hwd!fv) (For SI: 1.38 hwd/.fv) and the rein­
forcement ratio, p, shall not exceed 0.025. At least two bars shall be provided contiimously at both 
top and bottom. 

1921.3.2.2 Positive-moment strength at joint face shall not be less than one half of the nega­
tive-moment strength provided at that face of the joint. Neither the negative nor the positive-mo­
ment strength at any section along member length shall be less than one fourth the maximum 
moment strength provided at face of either joint. 

1921.3.2.3 Lap splices of flexural reinforcement shall be permitted only if hoop or spiral reinforce­
ment is provided over the lap length. Maximum spacing of the transverse reinforc·~ment enclosing 
the lapped bars shall not exceed d/4 or 4 inches (1 02 mm). Lap splices shall not be used (I) within 
the joints, (2) within a distance of twice the member depth from the face of joint, and (3) at locations 
where analysis indicates flexural yielding caused by inelastic lateral displacements of the frame. 

1921.3.2.4 Welded splices and mechanical connections shall conform to Section 1921.2.6.1. 

1921.3.3 Transverse reinforcement. 

1921.3.3.1 Hoops shall be provided in the following regions of frame members: 

1. Over a length equal to twice the member depth measured from the face o' the supporting 
member toward midspan, at both ends of the flexural members. 

2. Over lengths equal to twice the member depth on both sides of a section where flexural yield­
ing may occur in connection with inelastic lateral displacements of the frame. 

1921.3.3.2 The first hoop shall be located not more than 2 inches (51 mm) from d1e face of a sup­
porting member. Maximum spacing of the hoops shall not exceed (1) d/4, (2) eight times the diame­
ter of the smallest longitudinal bars, (3) 24 times the diameter of the hoop bars, a 11d ( 4) 12 inches 
(305 mm). 

1921.3.3.3 Where hoops are required, longitudinal bars on the perimeter shall ha~e lateral support 
conforming to Section 1907.10.5.3. 

1921.3.3.4 Where hoops are not required, stirrups with 135-degree seismic hooks shall be spaced at 
no more than d/2 throughout the length of the member. 

1921.3.3.5 Stirrups or ties required to resist shear shall be hoops over lengths of members as speci­
fied in Sections 1921.3.3, 1921.4.4 and 1921.5.2. 

1921.3.3.6 Hoops in flexural members may be made up of two pieces of reinforcement: aU-stirrup 
having 135-degree hooks with six-diameter [but not less than 3-inch (76 mm)] extensions anchored 
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in the confined core and a cross tie to make a closed hoop. Consecutive cross ties engaging the same 
longitudinal bars shall have their 90-degree hooks at opposite sides of the flexural member. If the 
longitudinal reinforcing bars secured by the crossties are confined by a slab on only one side of the 
flexural frame member, the 90-degree hooks of the crossties shall all be placed on that side. 

1921.3.4 Shear-strength requirements. 

1921.3.4.1 Design forces. The design shear forces V., shall be determined f:·om consideration of 
the static forces on the portion of the member between faces of the joint. It shall be assumed that 
moments of opposite sign corresponding to probable strength Mpr act at the joint faces and that the 
member is loaded with the tributary gravity load along its span. 

1921.3.4.2 For determining the required transverse reinforcement in frame members in which the 
earthquake-induced shear force represents one half or more of total design shear, the quantity Vc 
shall be assumed to be zero if the factored axial compressive force including earthquake effects is 
less than (Ag f' cl 20). Earthquake-induced shear force is the shear induced by moments of opposite 
sign corresponding to probable strength acting at the joint faces, calculated in accordance with 
Section 1921.3.4.1. 

1921.4 Frame Members Subjected to Bending and Axial Load. 

1921.4.1 Scope. The requirements of Section 1921.4 apply to frame members (1) resisting earth­
quake-induced forces and (2) having a factored axial force exceeding Ag.{'cll ~-These frame mem­
bers shall also satisfy the following conditions: 

1921.4.1.1 The shortest cross-sectional dimension, measured on a straigh1 line passing through 
the geometric centroid, shall not be less than 12 inches (305 mm). 

1921.4.1.2 The ratio of the shortest cross-sectional dimension to the perpendicular dimension 
shall not be less than 0.4. 

1921.4.2 Minimum flexural strength of columns. 

1921.4.2.1 Flexural strength of any column proportioned to resist a factored axial compressive 
force exceeding Ag.{'cll 0 shall satisfy Section 1921.4.2.2 or 1921.4.2.3. 

Lateral strength and stiffness of columns not satisfying Section 1921.4.2.2 shall be ignored in 
determining the calculated strength and stiffness of the structure but shall conform to Section 
1921.7. 

1921.4.2.2 The flexural strengths of the columns shall satisfy Formula (21-1 ). 

LM, ~ (6/s'~M8 (21-1) 

WHERE: 
I.Me = sum of moments, at the center of the joint, corresponding to the design flexural strength of 

the columns framing into that joint. Column flexural strength shall be calculated for the 
factored axial force, consistent with the direction of the lateral forces considered, result­
ing in the lowest flexural strength. 

I.M8 = sum of moments, at the center of the joint, corresponding to the design flexural strengths 
of the girders framing into that joint. 

Flexural strengths shall be summed such that the column moments oppos~ the beam moments. 
Formula (21-1) shall be satisfied for beam moments acting in both directions in the vertical plane of 
the frame considered. 

1921.4.2.3 If Section 1921.4.2.2 is not satisfied at a joint, columns supporting reactions from that 
joint shall be provided with transverse reinforcement as specified in Section 1921.4.4 over their full 
height. 
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1921.4.3 Longitudinal reinforcement. 

1921.4.3.1 The reinforcement ratio Pg shall not be less than 0.01 and shall not e>:ceed 0.06. 

1921.4.3.2 Welded splices and mechanical connections shall conform to Section 1921.2.6.1. Lap 
splices are permitted only within the center half of the member length and shall be proportioned as 
tension splices. 

1921.4.4 Transverse reinforcement. 

1921.4.4.1 Transverse reinforcement as specified below shall be provided unless a larger amount 
is required by Section 1921.4.5. 

I. The volumetric ratio of spiral or circular hoop reinforcement, Ps• shall not he less than that 
indicated by Formula (21-2). 

p, = 0.12J'c/fvh (21-2) 

and shall not be less than that required by Formula (1 0-5). 

2. The total cross-sectional area of rectangular hoop reinforcement shall not be less than that giv­
en by Formulas (21-3) and (21-4). 

A.,h = 0.3 (shJ'cffvh>[<A 8 /Ach) - 1] (21-3) 

A.,h = 0.09 (shJ'clfvh) (21-4) 

3. Transverse reinforcement shall be provided by either single or overlapping hoops. Crossties 
of the same bar size and spacing as the hoops may be used. Each end of the cross tie shall engage a 
peripheral longitudinal reinforcing bar. Consecutive crossties shall be alternated e1d for end along 
the longitudinal reinforcement. 

4. If the design strength of member core satisfies the requirement of the specified loading combi­
nations including earthquake effect, Formulas (21-3) and (10-5) need not be sati:;fied. 

5. Any area of a column which extends more than 4 inches ( 102 mm) beyond the confined core 
shall have minimum reinforcement as required for nonseismic columns as specified in Section 
1921.7. 

6. Where the calculated point of contraflexure is not within the middle half of tile member clear 
height, provide transverse reinforcement as specified in Sections 1921.4.4.1, Items 1 through 3, 
over the full height of the member. 

1921.4.4.2 Transverse reinforcement shall be spaced at distances not exceeding (i) one-quarter 
minimum member distance and (ii) 4 inches (1 02 mm). Additional ties which eng~ge at least four 
vertical column bars shall be provided around anchor bolts which are set in the •op of a column. 
Such ties shall be within 5 inches ( 127 mm) of the top of the column and shall cons itt of two No. 4 or 
three No. 3 bars. 

1921.4.4.3 Crossties or legs of overlapping hoops shall not be spaced more than 14 inches (356 
mm) on center in the direction perpendicular to the longitudinal axis of the structural member. 

1921.4.4.4 Transverse reinforcement in amount specified in Sections 1921.4.4.1 through 
1921.4.4.3 shall be provided over a length La from each joint face and on both sides of any section 
where flexural yielding may occur in connection with inelastic lateral displacemerlts of the frame. 
The length La shall not be less than ( 1) the depth of the member at the joint face or at the section 
where flexural yielding may occur, (2) one sixth of the clear span of the member, <.nd (3) 18 inches 
(457 mm). 

1921.4.4.5 Columns supporting reactions from discontinued stiff members, such as walls, shall be 
provided with transverse reinforcement as specified in Sections 1921.4.4.1 througt 1921.4.4.3 over 
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their full height beneath the level at which the discontinuity occurs if the factored axial compressive 
force in these members, including earthquake effect, exceeds Ag.{'c/10. Tran~;verse reinforcement 
as specified in Sections 1921.4.4.1 through 1921.4.4.3 shall extend into the discontinued member 
for at least the development length of the largest longitudinal reinforcement in the column in accor­
dance with Section 1921.5.4. If the lower end of the column terminates on a wall, transverse rein­
forcement as specified in Sections 1921.4.4.1 through 1921.4.4.3 shall extend into the wall for at 
least the development length of the largest longitudinal reinforcement in the column at the point of 
termination. If the column terminates on a footing or mat, transverse reinforcement as specified in 
Sections 1921.4.4.1 through 1921.4.4.3 shall extend at least 12 inches (305 mm) into the footing or 
mat. 

1921.4.4.6 Where transverse reinforcement as specified in Sections 1921.4.4.1 through 
1921.4.4.3 is not provided throughout the full length of the column, the remainder of the column 
length shall contain spiral or hoop reinforcement with center-to-center spacing not exceeding the 
smaller of six times the diameter of the longitudinal column bars or 6 inches ( 152 mm). 

1921.4.4.7 At any section where the design strength, <!>Pn, of the column is less than the sum of the 
shears\{ computed in accordance with Sections 1921.3.4.1 and 1921.4.5.1 for all the beams fram­
ing into the column above the level under consideration, transverse reinforcement as specified in 
Sections /921.4.4.1 through 1921.4.4.3 shall be provided. For beams framing into opposite sides of 
the column, the moment components may be assumed to be of opposite sign. For the determination 
of the design strength, $Pn, of the column, these moments may be assumed to result from the defor­
mation of the frame in any one principal axis. 

1921.4.5 Shear strength requirements. 

1921.4.5.1 Design forces. The design shear force \{ shall be determined from the consideration of 
the maximum forces that can be generated at the faces of the joints at each end of the member. These 
joint forces shall be determined using the maximum probable moment strengths, Mp, of the mem­
ber associated with the range of factored axial loads on the member. The member shear need not 
exceed those determined from joint strengths based on the probable moment strength, Mpn of the 
transverse members framing in the joint. In no case shall \{ be less than the factored shear deter­
mined by analysis of the structure. 

1921.4.5.2 For determining the required transverse reinforcement in frame members in which the 
earthquake-induced shear force represents one half or more of total design ~:hear, the quantity Vc 
shall be assumed to be zero if the factored axial compressive force including earthquake effects is 
less than (Agf'c/20). Earthquake-induced shear force is the shear induced by moments of opposite 
sign corresponding to probable strength acting at the joint faces, calculated in accordance with 
Sections 1921.3.4.1 and 1921.4.5.1. 

1921.5 Joints of Frames. 

1921.5.1 General requirements. 

1921.5.1.1 Forces in longitudinal beam reinforcement at the joint face shall be determined by as­
suming that the stress in the flexural tensile reinforcement is 1.25 /y. 

1921.5.1.2 Strength of joint shall be governed by the appropriate strength-reduction factors speci­
fied in Section 1909.3. 

1921.5.1.3 Beam longitudinal reinforcement terminated in a column shall be extended to the far 
face of the confined column core and anchored in tension according to Section 1921.5.4, and in 
compression according to Section 1912. 

1921.5.1.4 Where longitudinal beam reinforcement extends through a beam-column joint, the col­
umn dimension parallel to the beam reinforcement shall not be less than 20 times the diameter of the 
largest longitudinal bar for normal-weight concrete. For lightweight concrete, the dimension shall 
not be less than 26 times the bar diameter. 
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1921.5.2 Transverse reinforcement. 

1921.5.2.1 Transverse hoop reinforcement as specified in Section 1921.4.4 shall bt: provided with­
in the joint, unless the joint is confined by structural members as specified in Secdon 1921.5.2.2. 

1921.5.2.2 Within the depth of the shallowest framing member, transverse reinforcement equal to 
at least one half the amount required by Section 1921.4.4.1 shall be provided where members frame 
into all four sides of the joint and where each member width is at least three fourths the column 
width. At these locations, the spacing specified in Section 1921.4.4.2 may be increased to 6 inches 
(152 mm). 

1921.5.2.3 Transverse reinforcement as required by Section 1921.4.4 shall be provided through 
the joint to provide confinement for longitudinal beam reinforcement outside the column core if 
such confinement is not provided by a beam framing into the joint. 

1921.5.3 Shear strength. 

1921.5.3.1 The nominal shear strength of the joint shall not be taken greater than the forces speci­
fied below for normal-weight aggregate concrete. 

For joints confined on all four faces .................... 20 ffcAj (For SI: 1.66 ffcA} 

For joints confined on three faces or on two opposite faces .. 15 ffcAj (For SI: 1.25 ffcAj) 

For others ......................................... 12 ffcAj (For SI: 1.00 ffcA} 

A member that frames into a face is considered to provide confinement to the joint if at least three 
fourths of the face of the joint is covered by the framing member. A joint is considered to be con­
fined is such confining members frame into all faces of the joint. 

1921.5.3.2 For lightweight aggregate concrete, the nominal shear strength of the joint shall not ex­
ceed three fourths of the limits for normal-weight aggregate concrete. 

1921.5.4 Development length for reinforcement in tension. 

1921.5.4.1 The development length, ldh· for a bar with a standard 90-degrt:e hook in nor­
mal-weight aggregate concrete shall not be Jess than 8db, 6 inches (152 mm), and the length re­
quired by Formula (21-5). 

For SI: 

for bar sizes No. 3 through No. 11. 

ldh = fvdh/65 ffc 

ldh = fvdb/5.4 ffc 

(21-5) 

For lightweight aggregate concrete, the development length for a bar with a sta11dard 90-degree 
hook shall not be Jess than 10db, 7.5 inches (191 mm), and 1.25 times that requ:.red by Formula 
(21-5). 

The 90-degree hook shall be located within the confined core of a column or of a boundary mem­
ber. 

1921.5.4.2 For bar sizes No.3 through No. 11, the development length, ld, for a 1;traight bar shall 
not be less than (1) 2.5 times the length required by Section 1921.5.4.1 if the depth of the concrete 
cast in one lift beneath the bar does not exceed 12 inches (305 mm), and (2) 3.5 times the length 
required by Section 1921.5 .4.1 if the depth of the concrete cast in one lift beneath the bar exceeds 12 
inches (305 mm). 

1921.5.4.3 Straight bars terminated at a joint shall pass through the confined core of a column or of 
a boundary member. Any portion of the straight embedment length not within the confined core 
shall be increased by a factor of 1.6. 
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1921.6 Shear Walls, Diaphragms and Trusses. 

1921.6.1 Scope. The requirements of this section apply to shear walls and trJsses serving as parts 
of the earthquake-force-resisting systems as well as to diaphragms, struts, ties, chords and collector 
members which transmit forces induced by earthquake. 

1921.6.2 Reinforcement. 

1921.6.2.1 The reinforcement ratio, Pv· for shear walls shall not be less than 0.0025 along the lon­

gitudinal and transverse axes. If the design shear force does not exceed A,.v ffc (For SI: 

O.OSA,.v ffr) , the minimum reinforcement for shear walls shall be in conformance with Section 
1914.3. The minimum reinforcement ratio for structural diaphragms shall be in conformance with 
Section 1907.12. Reinforcement spacing each way in shear walls and diaphragms shall not exceed 
18 inches ( 457 mm). Reinforcement provided for shear strength shall be continuous and shall be 
distributed across the shear plane. 

1921.6.2.2 At least two curtains of reinforcement shall be used in a wall if the in-plane factored 

shear force assigned to the wall exceeds 2A,.v /F,. (For SI: 0.166A,.v /F,.). 
When Vu in the plane of the wall exceeds A,.v ffc (For SI: 0.08A,.v ffc), horizontal reinforce­

ment terminating at the edges of shear walls shall have a standard hook engaging the edge rein­
forcement, or the edge reinforcement shall be enclosed in "U" stirrups havmg the same size and 
spacing as, and spliced to, the horizontal reinforcement. 

1921.6.2.3 Structural-truss elements, struts, ties and collector elements with compressive stresses 
exceeding 0.2 f~· shall have special transverse reinforcement, as specified in Section 1921.4.4, over 
the total length of the element. The special transverse reinforcement may be discontinued at a sec­
tion where the calculated compressive stress is less than 0.15 f'c· Stresses shall be calculated for the 
factored forces using a linearly elastic model and gross-section properties of the elements consid­
ered. 

1921.6.2.4 All continuous reinforcement in shear walls, diaphragms, trusses, struts, ties, chords 
and collector elements shall be anchored or spliced in accordance with the provisions for reinforce­
ment in tension as specified in Section 1921.5.4. Where necessary to avoid congestion, splices in 
horizontal reinforcement shall be staggered. Splices in two curtains, where used, shall not occur in 
the same location. 

1921.6.3 Design forces. The design shear force Vu shall be obtained from the lateral load analysis 
in accordance with the factored loads and combinations specified in Section 1909.2 and as modified 
in Section 1921.2.7. 

1921.6.4 Shear strength. 

1921.6.4.1 Nominal shear strength of shear walls and diaphragms shall be determined using either 
Section 1921.6.4.2 or 1921.6.4.3. 

1921.6.4.2 Nominal shear strength, Vn, of shear walls and diaphragms shall be assumed not to 
exceed the shear force calculated from 

For SI: 

Vn = Acv (2 JF,. + Pnfv) 

Vn = Acv (0.166 JF,. + Pnfy) 

(21-6) 

1921.6.4.3 For walls (diaphragms) and wall (diaphragm) segments having a ratio of (hwllw) less 
than 2.0, nominal shear strength of wall (diaphragm) shall be determined from Formula (21-7) 

Vn = A,.v(a,./F,. + Pnfy) (21-7) 
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For SI: 

Where the coefficient a.:- varies linearly from 3.0 for hwllw = 1.5 to 2.0 for hwllw == 2.0. 

1921.6.4.4 In Section 1921.6.4.3 above, the value of ratio (hwllw) used for determining Vn for seg­
ments of a wall or diaphragm shall be the largest of the ratios for the entire wall (dia~hragm) and the 
segment of wall (diaphragm) considered. 

1921.6.4.5 Walls (diaphragms) shall have distributed shear reinforcement providing resistance in 
two orthogonal directions in the plane of the wall (diaphragm). If the ratio (hwllw) does not exceed 
2.0, reinforcement ratio Pv shall not be less than reinforcement ratio Pn· 

1921.6.4.6 Nominal shear strength of all wall piers sharing a common lateral force shall not be as­

sumed to exceed 8Acv /f:. (For SI: 0.66Acv /i:.) where Acv is the total cross-sectional area and the 
nominal shear strength of any one of the individual wall piers shall not be assumed to exceed 

lOAcp /i:. (For SI: 0.83A,v /i:.) where Acp represents the cross-sectional area of the pier consid­
ered. 

1921.6.4.7 Nominal shear strength of horizontal wall segments shall not be assumed to exceed 

1 OAcp /f:. (For SI: 0.83Acv /f:.) where Acp represents the cross-sectional area of <1 horizontal wall 
segment. 

1921.6.5 Design of shear walls for flexural and axial loads. 

1921.6.5.1 Shear walls and portions of shear walls subject to combined flexural and axial loads 
shall be designed in accordance with Sections 1910.2 and 1910.3, except Section i910.3.6 and the 
nonlinear strain requirements of Section 1910.2.2 do not apply. The strength-reduction factor <I> 

shall be in accordance with Section 1909.3. 

1921.6.5.2 The effective flange widths to be used in the design of 1-, L-, C- or T-shaped sections 
shall not be assumed to extend further from the face of the web than ( 1) one half the distance to an 
adjacent shear wall web, or (2) 10 percent of the total wall height. 

1921.6.5.3 Walls and portions of walls with Pu > 0.35?0 shall not be considered to contribute to the 
calculated strength of the structure for resisting earthquake-induced forces. Such walls shall con­
form to the requirements of Section 1631.2.4. 

1921.6.5.4 Shear wall boundary zone detail requirements as defined in Section 1921.6.5.6 need 
not be provided in shear walls or portions of shear walls meeting the following conditions: 

1. Pu -s, 0. 10Ag.{'c for geometrically symmetrical wall sections 
Pu -s, 0.05Ag.{'c for geometrically unsymmetrical wall sections 

and either 

2. M" < 
Vu lw - 1.0 

or 

3. Vu $ 3fw h /1: (For SI: Vu $ 0.25lw h jj• ) 
Shear walls and portions of shear walls not meeting the conditions of Section 1921.6.5.4 and hav­

ing Pu < 0.35?0 shall have boundary zones at each end a distance varying linearly from 0.25 lw to 
0.15lwfor Pu varying from 0.35 P0 to 0.15 P0 • The boundary zone shall have minimum length of 
0.15lw and shall be detailed in accordance with Section 1921.6.5.6. 

1921.6.5.5 Alternatively, the requirements for boundary zones in shear walls or portions of shear 
walls not meeting the conditions of Section 1921.6.5.4 may be based on determination of the com­
pressive strain levels at edges when the wall or portion of wall is subjected to displacement levels 
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resulting from the ground motions specified in Section 1629.2 using cracked section properties and 
considering the response modification effects of possible nonlinear behavior of the building. 

Boundary zone detail requirements as defined in Section 1921.6.5.6 shall be provided over those 
portions of the wall where compressive strains exceed 0.003. In no instance shall designs be per­
mitted in which compressive strains exceed fmax· 

WHERE: 

€max = 
3~w (0.004) $ O.QIS (21-8) 

1. Using the displacement of Section 1921.6.5.5, determine the curvature of the wall cross sec­
tion at each location of potential flexural yielding assuming the possible nonlinear response of the 
wall and its elements. Using a strain compatibility analysis of the wall cross section, determine the 
compressive strains resulting from these curvatures. 

2. For shear walls in which the flexural limit state response is governed by yielding at the base of 
the wall, compressive strains at wall edges may be approximated as follows: 

Determine the total curvature demand ( f/Jr) as given in Formula (21-9): 

11; A. 
ifJ, = / + 'l'v (hw - lp 2)lp · (21-9) 

WHERE: 
' Cu 

lp 
neutral axis depth at P'u and M'n· 
height of the plastic hinge above critical section and which shall be established on the 
basis of substantiated test data or may be alternatively taken m 0.5lw. 

elastic design displacement at the top of the wall using gross section properties and 
code-specified seismic forces. 
inelastic deflection at top of wall. 
ll.r -ll.y 
total deflection at the top of the wall equal to 3Rwl8 times the elastic design displace­
ment using cracked section properties, or may be taken as 2 ( 3Rwl8) !¥;. 

fl. y = displacement at top of wall corresponding to extreme fiber compressive strain of 0.003 
at critical section, or may be taken as (M'niME)ll.E, where ME equals moment at criti­
cal section when top of wall is displaced ll.E and M'n is nomina/flexural strength of 
critical section at P'u = 1.2D + 0.5L + E. 
0.003 

I 

c" 
The compressive strains may be assumed to vary linearly over the depth c'u and have maximum 

value equal to the product of c'u and<\> t· 

1921.6.5.6 Shear wall boundary zone detail requirements. When required by Section 1921.6.5.1 
through 1921.6.5.5, boundary zones shall meet the following: 

1. Dimensional requirements. 

1.1 All portions of the boundary zones shall have a thickness of lullO or greater. 

1.2 Boundary zones shall extend vertically a distance equal to the devdopment length of the 
largest vertical bar within the boundary zone above the elevation where the requirements 
of Section 1921.6.5.4 or 1921.6.5.5 are met. 

Extensions below the base of the boundary zone shall conform to Section 1921.4.4.6. 

EXCEPTION: The boundary zone reinforcement need not extend above the ba.1e of the boundary zone a 
distance greater than the larger of fw or Mui4Vu. 

1.3 Boundary zones as determined by the requirements of Section 1921.6.5.5 shall have a 
minimum length of O.llw at each end of the wall or portion of wail. 

2-243 



1921.6.5.6-1921.6.9 1994 UNIFORM BilJILDING CODE 

1.4 In 1-, L-, C-or T-shaped sections, the boundary zone at each end shall include the effec­
tive flange width and shall extend at least 12 inches (305 mm) into the web. 

2. Confinement reinforcement. 

2.1 All vertical reinforcement within the boundary zone shall be confined by hoops or cross 
ties producing an area of steel not less than: 

A .. h = 0.09shJ'clf,.h (21-10) 

2.2 Hoops and cross ties shall have a vertical spacing not greater than the smaller of 6 inches 
( 152 mm) or 6 diameters of the largest vertical bar within the boundarv zone. 

2.3 The ratio of the length to the width of the hoops shall not exceed 3. All adjacent hoops 
shall be overlapping. 

2.4 Cross ties or legs of overlapping hoops shall not be spaced further apart than 12 inches 
(305 mm) along the wall. 

2.5 Alternate vertical bars shall be confined by the corner of a hoop or cross tie. 

3. Horizontal reinforcement. 

3.1 All horizontal reinforcement terminating within a boundary zone shall be anchored in 
accordance with Section 1921.6.2. 

3.2 Horizontal reinforcement shall not be lap spliced within the boundary wne. 

4. Vertical reinforcement. 

4.1 Vertical reinforcement shall be provided to satisfy all tension and compression require­
ments. 

4.2 Area of reinforcement shall not be less than 0.005 times the area of boundary zone or less 
than two No. 5 bars at each edge of boundary zone. 

4.3 Lap splices of vertical reinforcement within the boundary zone shall be confined by hoops 
or cross ties. Spacing of hoops and cross ties confining lap-spliced rehforcement shall 
not exceed 4 inches ( 102 mm). 

1921.6.6 Boundaries of structural diaphragms. 

1921.6.6.1 Boundary elements of structural diaphragms shall be proportioned to resist the sum of 
the factored axial force acting in the plane of the diaphragm and the force obtained from dividing the 
factored moment at the section by the distance between the edges of the diaphragm at that section. 

1921.6.6.2 Splices of tensile reinforcement in the boundaries and collector elements of all dia­
phragms shall develop the yield strength of the reinforcement. Welded splices and mechanical con­
nections shall conform to Section 1921.2.6.1. 

1921.6.7 Construction joints. 

1921.6.7.1 All construction joints in walls and diaphragms shall conform to Section 1906.4, and 
contact surfaces shall be roughened as specified in Section 1911.7.9. 

1921.6.8 Discontinuous walls. Columns supporting discontinuous walls shall be reinforced in 
accordance with Section 1921.4.4.5. 

1921.6.9 Coupling beams. Horizontal members with clear span-to-effective-depth ratio (lnld) of 

less than 4 and factored shear force Vu exceeding 4 ffc b,.d (For SI: 0.33 ffc b,.d) and which inter­
connect shear walls shall be provided with special shear reinforcement as follo'.ts: 

1. Symmetrical diagonal shear reinforcement shall be provided to extend diagonally across the 
full length of the member and located within the confined concrete core as specified in Section 
1921.3.3. 
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2. The required area of one leg of the diagonal reinforcement Avd shall not be less than 

A = v. 
vd 2fy sina 

WHERE: 
/y = yield stress of diagonal reinforcement. 

Vu = factored shear force. 
a = angle between diagonal reinforcement and longitudinal axis of the member. 

3. Flexural strength contribution by the diagonal reinforcement shall be included in the flexural 
capacity calculation of the member. 

1921.6.10 Floor topping. A cast-in-place topping on a precast floor system may serve as the dia­
phragm, provided the cast-in-place topping acting alone is proportioned and detailed to resist the 
design forces. 

1921.6.11 Minimum thickness of diaphragms. Diaphragms used to resist prescribed lateral 
forces shall not be less than 2 inches (51 mm) thick. Topping slabs placed over precast floor and roof 
elements shall not be less than 2112 inches (64 mm) thick. 

1921.6.12 Wall piers. 

1921.6.12.1 Wall piers not designed as part of a special moment-resisting frame shall have trans­
verse reinforcement designed to satisfy the requirements in Section 1921.6.12.2. 

EXCEPTIONS: 1. Wall piers that satisfy Section 1921.7. 
2. Wall piers along a wall line within a story where other shear wall segments provide lateral support to 

the wall piers, and such segments have a total stiffness of at least six times the sum of the st!ffnesses of all the 
wall piers. 

1921.6.12.2 Transverse reinforcement shall be designed to resist the shear forces determined from 
Sections 1921.4.5.1 and 1921.3.4.2. When the axial compressive force, including earthquake ef­
fects, is less than Ag f~./20, transverse reinforcement in wall piers may have standard hooks at each 
end in lieu of hoops. Spacing of transverse reinforcement shall not exceed 6 inches ( 152 mm). 
Transverse reinforcement shall be extended beyond the pier clear height for at least the develop­
ment length of the largest longitudinal reinforcement in the wall pier. 

1921.6.12.3 Wall segments with horizontal length-to-thickness ratio less than 2112 shall be de­
signed as columns. 

1921.7 Frame Members Not Part of the Lateral-force-resisting System.. 

1921.7.1 Frame members which are not designated to be a part of the lateral-force-resisting sys­
tem shall be detailed according to Section 1921.7 .1.1 or 1921.7 .1.2 depending on the magnitude of 
moments induced in those members when subjected to 3 (Rw!B) times the di!:placements resulting 
from the specified latera/forces in conformance with the requirements of Section 1631.2.4. 

1921.7.1.1 When the induced moment exceeds the design moment strength of the frame mem­
ber, members with factored axial compressive forces not exceeding (Ag/'0 110) shall satisfy Sec­
tions 1921.3.2.1 and 1921.3.4.1 and members with factored axial compres.>ive forces exceeding 
(Ag.{'c/10) shall satisfy Sections 1921.4.4, 1921.4.5.1 and 1921.5.2.1. 

1921.7.1.2 When the induced moment does not exceed the design moment strength of the frame 
members, the member shall satisfy Section 1921.3.2.1. 

1921.7.2 All frame members with factored axial compressive forces exceeding (Ag.{'cllO) shall 
satisfy the following special requirements unless they comply with Section 1921.4.4. 

1921.7.2.1 Ties shall have hooks not less than 135 degrees with extensions not less than six 
tie-bar diameters or 3 inches (76 mm). Crossties, as defined in Section 1921.1, are allowed. 
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1921.7.2.2 The maximum tie spacing shall be s0 over a length 10 measured from the joint face. 
The spacing S0 shall not be more than the smallest of (l) eight diameters of the smallest longitudi­
nal bar enclosed, (2) 24 tie-bar diameters, and (3) one half the least cross-sectional dimension of 
the column. The length 10 shall not be less than the largest of (l) one sixth of the clear height of the 
column, (2) the maximum cross-sectional dimension of the column, and (3) 18 inches (457 mm). 

1921. 7.2.3 The first tie shall be within a distance equal to 0.5s0 from the face of the joint. 

1921. 7.2.4 The tie spacing shall not exceed 2s0 in any part of the column. 

1921.7.3 Ties at anchor bolts. Additional ties which engage at least four vertical column bars 
shall be provided around anchor bolts which are set in the top of a column. Such ties shall be within 
5 inches ( 127 mm) of the top of the column and shall consist of two No. 4 or three No. 3 bars. 

1921.8 Requirements for Frames in Seismic Zone 2. 

1921.8.1 In Seismic Zone 2, structural frames proportioned to resist forces induced by earthquake 
motions shall satisfy the requirements of Section 1921.8 in addition to those of Sections 1901 
through 1918. 

1921.8.2 Reinforcement details in a frame member shall satisfy Section 1921.8.4 if the factored 
compressive axial load for the member does not exceed (Ag.f'c/10). If the factored compressive axial 
load is larger, frame reinforcement details shall satisfy Section 1921.8.5 unless the member has spi­
ral reinforcement according to Formula (10-5). If a two-way slab system without beams is treated as 
part of a frame-resisting earthquake effect, reinforcement details in any span resisting moments 
caused by lateral force shall satisfy Section 1921.8.6. 

1921.8.3 Design shear strength of beams, columns and two-way slabs resisting earthquake effect 
shall not be less than either ( 1) the sum of the shear associated with development of nominal mo­
ment strengths of the member at each restrained end of the clear span and the shear calculated for 
gravity loads, or (2) the maximum shear obtained from design load combinations which include 
earthquake etiect E, with E assumed to be twice that prescribed in Section 1624. 

1921.8.4 Beams. 

1921.8.4.1 The positive-moment strength at the face of the joint shall not be less than one third the 
negative-moment strength provided at that face of the joint. Neither the negative- nor the posi­
tive-moment strength at any section along the length of the member shall be less than one fifth the 
maximum moment strength provided at the face of either joint. 

1921.8.4.2 At both ends of the member, stirrups shall be provided over lengths equal to twice the 
member depth measured from the face of the supporting member toward midspan. The first stirrup 
shall be located at not more than 2 inches (51 mm) from the face of the supporting member. Maxi­
mum stirrup spacing shall not exceed (l) d/4, (2) eight times the diameter of the smallest longitudi­
nal bar enclosed, (3) 24 times the diameter of the stirrup bar, and (4) 12 inches (305 mm). 

1921.8.4.3 Stirrups shall be placed at not more than d/2 throughout the length of the member. 

1921.8.5 Columns. 

1921.8.5.1 Maximum tie spacing shall not exceed s0 over a length 10 measured from the joint 
face. Spacing s0 shall not exceed ( 1) eight times the diameter of the smallest longitudinal bar en­
closed, (2) 24 times the diameter of the tie bar, (3) one half of the smallest cross-.>ectional dimen­
sion of the frame member, and (4) 12 inches (305 mm). Length 10 shall not be less than (l) one 
sixth of the clear span of the member, (2) maximum cross-sectional dimension of the member, 
and (3) 18 inches (457 mm). 

1921.8.5.2 The first tie shall be located at not more than s0 12 from the joint face. 

1921.8.5.3 Joint reinforcement shall conform to Section 1911.11.2. 
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1921.8.5.4 Tie spacing shall not exceed twice the spacings s0 • 

1921.8.5.5 In addition to the column lateral ties required in Section 1907.1.3, Item 3, additional 
ties which engage at least four vertical column bars shall be provided around anchor bolts which 
are set in the top of a column. Such ties shall be within 5 inches ( 127 mm) of the top of the column 
and shall consist of two No.4 or three No.3 bars. 

1921.8.6 Two-way slabs without beams. 

1921.8.6.1 Factored slab moment at support related to earthquake effect shall be determined for 
load combinations defined by Formulas (9-2) and (9-3). All reinforcement provided to resist M.r, the 
portion of slab moment balanced by support moment, shall be placed within the column strip de­
fined in Section 1913 .2.1. 

1921.8.6.2 The fraction, defined by Formula (13-1 ), of moment M.r shall be resisted by reinforce­
ment placed within the effective width specified in Section 1913.3.2. 

1921.8.6.3 Not less than one half of the reinforcement in the column strip at support shall be placed 
within the effective slab width specified in Section 1913.3.2. 

1921.8.6.4 Not less than one fourth of the top reinforcement at the support in the column strip shall 
be continuous throughout the span. 

1921.8.6.5 Continuous bottom reinforcement in the column strip shall not be less than one third of 
the top reinforcement at the support in the column strip. 

1921.8.6.6 Not less than one half of all bottom reinforcement at midspan shall be continuous and 
shall develop its yield strength at face of support as defined in Section 1913.6.2.5. 

1921.8.6.7 At discontinuous edges of the slab, all top and bottom reinforcement at support shall be 
developed at the face of support as defined in Section 1913.6.2.5. 

1921.9 Inspection. For moment frames resisting design seismic load in structures within Seismic 
Zones 3 and 4, a specially qualified inspector who will provide reports to the person responsible for 
the structural design shall provide continuous inspection of the placement of the reinforcement and 
concrete and shall submit a certificate indicating compliance with the plam- and specifications. 

SECTION 1922- SHOTCRETE 

1922.1 General. Shotcrete shall be defined as mortar or concrete pneumatically projected at high 
velocity onto a surface. Except as specified in this section, shotcrete shall conform to the regula­
tions of this chapter for plain concrete or reinforced concrete. 

1922.2 Proportions and Materials. Shotcrete proportions shall be selected that allow suitable 
placement procedures using the delivery equipment selected and shall result in finished in-place 
hardened shotcrete meeting the strength requirements of this code. 

1922.3 Aggregate. Coarse aggregate, if used, shall not exceed% inch ( 19 mm). 

1922.4 Reinforcement. The maximum size of reinforcement shall be No. 5 bars unless it can be 
demonstrated by preconstruction tests that adequate encasement of larger bars can be achieved. 
When No. 5 or smaller bars are used, there shall be a minimum clearance between parallel rein­
forcement bars of21!z inches (64 mm). When bars larger than No.5 are permitted, there shall be a 
minimum clearance between parallel bars equal to six diameters of the bars used. When two cur­
tains of steel are provided, the curtain nearest the nozzle shall have a minimum spacing equal to 12 
bar diameters and the remaining curtain shall have a minimum spacing of 1:ix bar diameters. 

EXCEPTION: Subject to the approval of the building official, reduced clearances may be used where it 
can be demonstrated by preconstruction tests that adequate encasement of the bars used in the design can be 
achieved. 

2-247 



1922.4-1922.1 0 1994 UNIFORM BUILDING CODE 

Lap splices in reinforcing bars shall be by the noncontact lap splice method with at least 2 inches 
(51 mm) clearance between bars. The building official may permit the use of contact lap splices 
when necessary for the support of the reinforcing provided it can be demonstrated by means of pre­
construction testing, that adequate encasement of the bars at the splice can be achieved, and pro­
vided that the splices are placed so that a line through the center of the two spliced bars is 
perpendicular to the swface of the shotcrete work. 

Shotcrete shall not be applied to spirally tied columns. 

1922.5 Preconstruction Tests. When required by the building official a test panel shall be shot, 
cured, cored or sawn, examined and tested prior to commencement of the project. The sample panel 
shall be representative of the project and simulate job conditions as closely as possible. The panel 
thickness and reinforcing shall reproduce the thickest and most congested area specified in the 
structural design. It shall be shot at the same angle, using the same nozzleman and with the same 
concrete mix design that will be used on the project. 

1922.6 Rebound. Any rebound or accumulated loose aggregate shall be removed from the sur­
faces to be covered prior to placing the initial or any succeeding layers of shotcrete. Rebound shall 
not be reused as aggregate. 

1922.7 Joints. Except where permitted herein, unfinished work shall not be allowed to stand for 
more than 30 minutes unless all edges are sloped to a thin edge. Before placing additional material 
adjacent to previously applied work, sloping and square edges shall be cleaned ond wetted. 

1922.8 Damage. In-place shotcrete which exhibits sags or sloughs, segregation, honeycombing, 

I sand pockets or other obvious defects shall be removed and replaced. Shotcrete above sags and 
sloughs shall be removed and replaced while still plastic. 

1922.9 Curing. During the curing periods specified herein, shotcrete shall be maintained above 
40° F. ( 4.4 o C.) and in moist condition. In initial curing, shotcrete shall be kept continuously moist 
for 24 hours after placement is complete. Final curing shall continue for seven days after shotcret­
ing, for three days if high-early-strength cement is used, or until the specified strer.!gth is obtained. 
Final curing shall consist of a fog spray or an approved moisture-retaining cover or membrane. In 
sections of a depth in excess of 12 inches ( 305 mm), final curing shall be the same as that for initial 
curing. 

1922.10 Strength Test. Strength test for shotcrete shall be made by an approved agency on speci­
mens which are representative of work and which have been water soaked for at least 24 hours prior 
to testing. When the maximum size aggregate is larger than % inch (9.5 mm), specimens shall con­
sist of not less than three 3-inch-diameter (76 mm) cores or 3-inch (76 mm) cubes. When the maxi­
mum size aggregate is % inch (9.5 mm) or smaller, specimens shall consist of not less than three 
2-inch-diameter (51 mm) cores or 2-inch (51 mm) cubes. Specimens shall be taken in accordance 
with one of the following: 

1. From the in-place work: taken at least once each shift or less than one for each 50 cubic yards 
( 38.2 m3) of shotcrete; or 

2. From test panels: made not less than once each shift or not less than one for each 50 cubic 
yards ( 38.2 m3) of shotcrete placed. When the maximum size aggregate is larger than % inch (9.5 
mm), the test panels shall have a minimum dimension of 18 inches by 18 inches (457 mm by 457 
mm). When the maximum size aggregate is % inch (9.5 mm) or smaller, the test pattels shall have a 
minimum dimension of 12 inches by 12 inches (305 mm by 305 mm). Panels shall be gunned in the 
same position as the work, during the course of the work and by nozzlemen doing the work. The 
condition under which the panels are cured shall be the same as the work. 

The average of three cores from a single panel shall be equal to or exceed 0.85 f'c with no single 
core less than 0.75 f'c· The average of three cubes taken from a single panel must equal or exceedf'c 
with no individual cube less than 0.88f'c· To check testing accuracy, locations repmsented by errat­
ic core strengths may be retested. 
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1922.11 Inspections. 

1922.11.1 During placement. When shotcrete is used for structural members, a special inspector I 
is required by Section 1701.5, Item 12. The special inspector shall provide continuous inspection of 
the placement of the reinforcement and shotcreting and shall submit a statement indicating com­
pliance with the plans and specifications. 

1922.11.2 Visual examination for structural soundness of in-place shotcrl·te. Completed shot­
crete work shall be checked visually for reinforcing bar embedment, voids, rock pockets, sand 
streaks and similar deficiencies by examining a minimum of three 3-inch (76 mm) cores taken from 
three areas chosen by the design engineer which represent the worst congestion of reinforcing bars 
occurring in the project. Extra reinforcing bars may be added to noncongested areas and cores may 
be taken from these areas. The cores shall be examined by the special inspector and a report sub­
mitted to the building official prior to final approval of the shotcrete. 

EXCEPTION: Shotcrete work fully supported on earth, minor repairs, and wl.·en, in the opinion of the 
building official, no special hazard exists. 

1922.12 Equipment. The equipment used in preconstruction testing shall be the same equipment 
used in the work requiring such testing, unless substitute equipment is appmved by the building 
official. 

SECTION 1923- PLAIN CONCRETE 

1923.1 General. 

1923.1.1 Scope. This section provides minimum requirements for design and construction of 
plain concrete for both cast-in-place and precast members. 

EXCEPTION: The design is not required when the minimum foundation for surd walls is in accordance 
with Table /8-/-D. 

1923.1.2 Limitations. Use of plain concrete shall be limited to ( 1) members that are continuously 
supported by soil or supported by other structural members capable of providing continuous verti­
cal support; (2) members for which arch action provides compression under all conditions of load­
ing; or ( 3) cast-in-place concrete piles or piers, except in Seismic Zones :?, 3 and 4, that have 
adequate lateral support for stability and where calculated compression occurs on the entire cross 
section under all conditions of loading. 

The design requirements of Section 1923 are not intended to apply to nonstructural members of 
plain concrete, such as soil-supported slabs, unless such slabs transmit verzicalloads from other 
parts of the structure to the soil. 

Plain concrete for compression members, other than arches, walls, and cast-in-place piles and 
piers permitted in the first paragraph of this subsection, shall be limited to pedestals in accordance 
with Section 1923.9.4. 

Plain concrete shall not be used in Seismic Zones 2, 3 or 4, except where specifically permitted by 
Section 1923.10.3. 

1923.2 Definitions. For the purpose of this section, certain terms are defined as follows: 

CONTROL JOINT is a construction joint or partial joint (minimum 25 percent reduction of 
member thickness) used for the purpose of reducing buildup of internal stresses caused by restraint 
to movements due to creep, shrinkage or temperature effects. 

PLAIN CONCRETE is concrete that is either unreinforced or contains lefs reinforcement than 
the minimum amount specified in this code for reinforced concrete. 

1923.3 Materials. Specification for testing and materials shall be in accordance with Section 
1903. Plain concrete, other than fill, shall have a specified compressive strength, f' c• of not less 
than 2,500 psi ( 17.24 MPa). 
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1923.4 Joints. Unless reinforcement is used to control temperature and shrinkage stresses, plain 
concrete construction shall be provided with control joints to divide members into flexurally dis­
continuous elements. When control joints are used, the size of each element shall bt~ limited to con­
trol buildup of excessive internal stresses within each element caused by restraint to movement from 
creep, shrinkage and temperature effects. 

1923.5 Notations. 

A 1 loaded area. 
A2 maximum area of the portion of the supported surface that is geometrically similar to and 

concentric with the loaded area. 
Be = ratio of long side to short side of concentrated load or reaction area. 

b = width of member, inches (mm). 

f'c = specified compressive strength of concrete, pounds per square inch (Ml'a). 
ffc square root of specified compressive strength of concrete, pounds per square inch ( M Pa ). 

h = overall thickness of member, inches (mm). See Section 1923.8.5. 
k effective length factor. See Section 1923.9.2.2. 
lc vertical distance between supports, inches (mm). 
Vu = factored shear force at section. 
Vu = shear stress due to factored shear force at section. 

<1> = strength-reduction factor. See Section 1923.7. 

1923.6 Design Method. Plain concrete members shall be designed for adequate strength in ac­
cordance with provisions of this code, using load factors and permissible stresses. 

Factored loads and forces shall be in such combinations as specified in Section /909.2. 

Stresses due to factored loads and forces shall not exceed permissible stresses given in Section 
1923.7. 

1923.7 Permissible Stresses. Maximum fiber stresses in plain concrete due to factored loads and 
moments shall not exceed the following: 

I. Flexure: 
Extreme fiber stress in compression . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ¢f'c 

Extreme fiber stress in tension (normal weight only) . . . . . . 5¢ jf'; (For SI: 0.4:24> jf';) 

2. Axial compression , [ ( klc )2] 
0.60f c 1 - 32h 

3. Shear (normal-weight concrete only) 

Beam action . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24> jf'; (For SI: 0.166¢ jf';) 

· ( 4</J) r;;- [For SI: (o.166 + 
0

·
33¢) !Fe] Two-way actwn . . . . . . . . . . . . . . . . . . 2 + Be Jf c Be 

but not greater than . . . . . . . . . . . . . . . . . . . . . . . . . 4<P jf'; (For SI: 0.33¢ jf';) 
4. Bearing on loaded area .............................................. 0.85¢f'c 

When the supporting surface is wider on all sides than the loaded area, permissible bearing stress 

on the loaded area is permitted to be increased by j A2/ A 1 , but not more than 2. When the support­
ing surface is sloped or stepped, Az is permitted to be taken as the area of the lower base of the 
largest frustum of a right pyramid or cone contained wholly within the support and having for its 
upper base the loaded area, and having side slopes of 1 vertical to 2 horizontal. 
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Strength-reduction factorf/J for flexure, compression, shear and bearing on plain concrete shall 
be 0.65. 

1923.8 Design. 

1923.8.1 General. Strength design of plain concrete members for flexure and axial loads shall be 
based on a linear stress-strain relationship in both tension and compression. 

1923.8.2 Tensile. Tensile strength of concrete is permitted to be considered in design of plain con­
crete members when provisions of Section 1923.3 have been followed such that stresses will not 
exceed permissible stresses as prescribed in Section 1923.7. 

1923.8.3 Reinforcement. No strength shall be assigned to reinforcement pre.>ent in plain concrete 
members. 

1923.8.4 Continuity. Tension shall not be transmitted through outside edges, construction joints 
or control joints of an individual plain concrete element. No flexural continuity due to tension shall 
be assumed between adjacent plain concrete elements. 

1923.8.5 Cross section considered. In computing stresses due to flexure, combined flexure and 
axial load, and shear, the entire cross section of a member shall be considered in design. For con­
crete cast against soil, overall thickness h shall be taken as 2 inches (51 mm) less than actual thick­
ness. 

1923.8.6 Proportioning. Members subject to combined flexure and axial load shall be propor­
tioned such that the sum of the ratios of all calculated to permissible stresses in compression given 
in Section 1923.7, Items 1 and 2, shall be less than or equal to one. Tensile stress resulting from 
combined flexure and axial load shall not exceed permissible stress in tem:ion given in Section 
1923.7, Item 1. 

1923.8.7 Shear. Shear stress for rectangular sections shall be computed by 

3V11 

v. = 2bh (23-1) 

Maximum shear stress Vu shall be computed at a distance hfrom the face of the support, and sec­
tions located at a lesser distance are permitted to be designed for the same shear. 

Shear stress Vu shall not exceed permissible shear stress for beam action given in Section 1923.7, 
Item 3. 

1923.9 Plain Concrete Members. 

1923.9.1 Notations. 

Ag = 
bo 
f'c = 
h = 
k 

lc = 
Pnw= 
Vu 

Vu = 
<P = 

gross area of section, square inches (mm2). 
perimeter of critical section for shear in footing, inches (mm). 
specified compressive strength of concrete, pounds per square inch (MPa). 
overall thickness of member, inches (mm). See Section 1923.8.5. 
effective length factor. 

vertical distance between supports, inches (mm). 
nominal axial load strength of wall designed by Section 1923.9.2.2. 
factored shear force at section. 
shear stress due to factored shear force at section. 
strength-reduction factor. See Section 1923.7. 

1923.9.2 Walls. 

1923.9.2.1 General. Except for walls meeting the limitations of Section 1923.9.2.2, plain con­
crete walls shall be designed for vertical, lateral and other loads in accordance with Section 
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1923.8.6. The wall shall be designed for an eccentricity corresponding to the maximum moment 
that can accompany the axial load, but not less than 0. 1 Oh. 

1923.9.2.2 Axial strength. Plain concrete walls of solid rectangular cross section where the re­
sultant of all factored loads is located within the middle third of the overall wall thickness are per­
mitted to be designed in accordance with the following procedure. 

Design axial load strength¢Pnw of a plain concrete wall satisfying limitations of the paragraph 
above shall be computed by: 

¢P_ = 045¢/',Ag[ I-(;;,)'] 
Where the effective length factor k shall be: 

For walls braced top and bottom against lateral translation and 

1. Restrained against rotation at one or both ends (top and/or 

(23-2) 

bottom) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.8 

2. Unrestrained against rotation at both ends .................................. 1.0 

Design of shear shall be in accordance with Section 1923.8. 7. 

1923.9.2.3 Limitations. Whether designed in accordance with Section 1923.8.6 or the provisions 
of Section 1923.9.2.2, plain concrete walls shall comply with all the limitations set forth in this 
subsection. 

Unless demonstrated by a detailed analysis, the horizontal length of wall to be considered effec­
tive for each vertical concentrated load shall not exceed the smaller of the center-to-center distance 
between loads, or the width of bearing plus four times the wall thickness. 

Thickness of bearing walls shall not be less than 1!24 the unsupported height or length, whichever 
is less, and not less than 5112 inches ( 140 mm). 

Thickness of exterior basement walls and foundation walls shall not be less than 7112 inches ( 191 
mm). 

Walls shall be braced against lateral translation. 

Not less than two No. 5 bars shall be provided around all window and door openings. Such bars 
shall extend at least 24 inches (610 mm) beyond the corners of openings. 

1923.9.3 Footings. 

1923.9.3.1 General. Plain concrete footings shall be designed for the combination of loads speci­
fied in Section 1909.2 and as provided for in this subsection. 

The base area offooting shall be determined from the combination of loads specified in Section 
1909.2 using unfactored loads and moments transmitted by the footing to the soil utilizing the per­
missible soil pressure and as provided for in this subsection. 

Plain concrete shall not be used for footings on piles. 

Overall thickness of plain concrete footings shall not be less than 6 inches ( 152 mm). 

1923.9.3.2 Moment in plain concrete footings. Maximum factored moment shaU be computed at 
critical sections located as follows: 

1. At face of column, pedestal or wall for a footing supporting a concrete cohrmn, pedestal or 
wall. 

2. Halfway between middle and edge of wall for a footing supporting a masonry wall. 

3. Halfway between face of column and edge of steel base plate for a footing supporting a col­
umn with steel base plate. 
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1923.9.3.3 Shear in plain concrete footings. Maximum factored shear shall be computed in ac­
cordance with the provisions of this subsection, with location of critical section measured from face 
of column, pedestal or wall for a footing supporting a column, pedestal or wart. For a footing sup­
porting a column with a steel base plate, the critical section shall be measured from the location 
defined in Section I923.9.3.2. 

Shear strength of plain concrete footings in the vicinity of concentrated loads or reactions shall 
be governed by the more severe of the following two conditions: 

Beam action for footing, with a critical section extending in a plane across the entire width and 
located at a distance h from the face of a concentrated load or reaction area. For this condition, the 
footing shall be designed in accordance with the provisions of this subsection. 

Two-way action for footing, with a critical section perpendicular to plane of footing and located 
so that its perimeter b0 is a minimum, but need not approach closer than h/2 to the perimeter of a 
concentrated load or reaction area. For this condition, the footing shall be de.>igned in accordance 
with Section I923.9.3.2, Items 2 and 3. 

Shear stress Vu shall be computed by 

v = u (23-3) 

Where Vu and b, shall be taken at the critical section defined in this subsection, and h is the over­
all thickness of footing as prescribed in Section I923.8.5. 

Shear stress Vu shall not exceed permissible shear stress for two-way ac:ion given in Section 
I923.7, Item 3. 

1923.9.3.4 Shape. Circular or regular polygon-shaped concrete columns or pedestals are per­
mitted to be treated as square members with the same area for location of critical sections for mo­
ment and shear. 

1923.9.3.5 Bearing stress. Bearing stress on concrete at contact surface belWeen supporting and 
supported member shall not exceed permissible bearing stress for either surface as given in Section 
I923.7, Item 4. 

1923.9.4 Pedestals. Plain concrete pedestals shall be designed for vertical, lateral and other 
loads to which they are subjected. 

The ratio of unsupported height to average least lateral dimension of plain concrete pedestals 
shall not exceed 3. 

The maximum compressive stress in plain concrete pedestals shall not exceed the permissible 
bearing stress given in Section I923.7, Item 4. 

1923.9.5 Precast members. Design of precast plain concrete members shali consider all loading 
conditions from initial fabrication to completion of the structure, including form removal, storage, 
transportation and erection. 

Limitations cited in Section I923.I.2 apply for precast members of structural plain concrete, not 
only to the final condition, but also during fabrication, transportation and t rection. 

Precast members shall be connected securely to transfer all lateral forces into a structural system 
capable of resisting such forces. Precast members shall be adequately braced ~nd supported during 
erection to ensure proper alignment and structural integrity until permanent connections are com­
pleted. 

1923.10 Seismic Requirements for Plain Concrete. 

1923.10.1 General. The design and construction of plain concrete components that resist seismic 
forces shall conform to the requirements of Section I923, except as modified by this subsection. 
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1923.10.2 Seismic Zones 0 and 1. Structural plain concrete members located in Seismic Zones 0 
and I shall be designed in accordance with the provisions of Sections I923.I through I923.9. 

1923.10.3 Seismic Zones 2, 3 and 4. Structural plain concrete members are not permitted in 
buildings located in Seismic Zones 2, 3 and 4. 

EXCEPTIONS: 1. Footings for buildings of Group R, Division 3 or Group U, Division 1 Occupancy con­
structed in accordance with Table 18-1-D. 

2. Nonstructural slabs supported directly on the ground or by approved structural sys1ems. 

SECTION 1924- MINIMUM SLAB THICKNESS 

The minimum thickness of concrete floor slabs supported directly on the ground shall not be less 
than 31/z inches (89 mm). 

SECTION 1925- ANCHORAGE TO CONCRETE 

1925.1 Service Load Design. Bolts and headed stud anchors shall be solidly cast in concrete and 
the service load shear and tension shall not exceed the values set forth in Table 19-E. 

For combined tension and shear: 

(P.j P,)513 + (V..jV,)513 :5 1 
WHERE: 

Ps applied service tension load. 
P1 Table I9-E service tension load. 

V:v applied service shear load. 
V1 Table 19-E service shear load. 

1925.2 Strength Design. The factored loads on embedded anchor bolts and headed studs shall 
not exceed the design strengths determined by Section I925.3. 

In addition to the load factors in Section I909.2, a multiplier of 2 shall be used tf special inspec­
tion is not provided, or of I.3 if it is provided. When anchors are embedded in the tension zone of a 
member, the load factors in Section I909.2 shall have a multiplier of 3 if special inspection is not 
provided, or of 2 if it is provided. 

1925.3 Strength of Anchors. 

1925.3.1 General. The strength of headed bolts and headed studs solidly cast in concrete shall be 
taken as the average of I 0 tests approved by the building official for each concrete strength and 
anchor size or calculated in accordance with Sections I925.3.2 through I925.3.4. The bearing area 
of headed anchors shall be at least one and one-half times the shank area. 

1925.3.2 Design strength in tension. The design strength of anchors in tension shall be the mini­
mum of P.u or cfJPc where: 

Pss = 0.9Abf
1
s 

and for an anchor group where the distance between anchors is less than twice their embedment 
length 

For SI: 

or for a single anchor or anchor group where the distance between anchors is equal or greater than 
twice their embedment length 
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For SI: 

<J>P c = </>A (2.8A,) ./fc 
<J>P c = 0.08 </>A (2.8As) ./fc 

WHERE: 
Ab = area [in square inches (mm 2)] of bolt or stud. Must be used wizh the corresponding 

steel properties to determine the weakest part of the assembly in tension. 
As the sloping area [in square inches (mm 2)] of an assumed failure ~urface. For a single 

anchor or anchor group where the distance between anchors it equal to or greater 
than twice their embedment length, the surface is assumed to be that of a truncated 
cone radiating at a 45-degree slope from the bearing edge of the trnchor to the surface. 

For an anchor group where the distance between anchors is iess than twice their 
embedment length, the failure surface is assumed to be that of a truncated pyramid 
radiating at a 45-degree slope from the bearing edge of the anchor group to the sur­
face. In addition, for thin sections with anchor groups, the failure surface shall be 
assumed to follow the extension of this slope through to the far side rather than trun­
cated, and the failure mode resulting in the lower value of ¢Pc ~hall control. 

A1 the area [in square inches (mm 2)] of the flat bottom of the truncated pyramid of an 
assumed concrete failure surface. Where anchors in a group are closer than twice their 
embedment length, the failure surface pyramid is assumed to tnmcate at the anchor 

f'c 

f'.,. 

Pu 
Vu 

A. 

¢ = 

bearing edge rather than form separate cones. 
specified compression strength of concrete, which shall not be taken as greater than 
6,000 psi (41.37 MPa)for design. 
specified tensile strength [in psi ( MPa)] of the bolt or stud. For A 307 bolts or A /08 
studs.f's may be assumed to be 60,000 psi (413.7 MPa). 
required tensile strength due to factored loads, pounds (N). 
required shear strength due to factored loads, pounds (N). 
I for normal-weight concrete, 0. 75 for "all lightweight" concrete, and 0.85 for "sand­
lightweight" concrete. 
strength-reduction factor 

0.65. 
EXCEPTION: Where the anchor is attached to or hooked around reinforcing steer or otherwise terminated 

so as to effectively transfer forces to reinforcing steel that is designed to distribute forces and avert sudden 
local failure, fj> may be taken as 0.85. 

Where edge distance is less than embedment length, reduce ¢Pc proportionately. For multiple 
edge distances less than the embedment length, use multiple reductions. 

1925.3.3 Design strength in shear. The design strength of anchors in shear ~hall be the minimum 
of Vss or ¢ Vc where: 

Vss = 0.15Ahf's 

and where loaded toward an edge equal to or greater than /0 diameters away, 

<J>Vc = ¢800AbA ./fc 
For SI: 

or where loaded toward an edge less than 10 diameters away, 

</>Vc = </>'hrd/ A .ffc 
For SI: 
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where de equals the edge distance from the anchor axis to the free edge. 

For groups of anchors, the concrete design shear strength shall be taken as the smallest of 

1. The design strength of the weakest anchor times the number of anchors, 

2. The design strength of the row of anchors nearest the free edge in the directio,1 of shear times 
the number of rows or 

3. The design strength of the row farthest from the free edge in the direction of shear. 

For shear loading toward an edge less than 10 diameters away, or tension or shear not toward an 
edge less than four diameters away, reinforcing sufficient to carry the load shall be provided to pre­
vent failure of the concrete in tension. Jn no case shall the edge distance be less than one third the 
above. 

1925.3.4 Combined tension and shear. When tension and shear act simultaneously, all of the fol­
lowing shall be met: 

SECTION 1926- ALTERNATE DESIGN METHOD 

1926.0 Notation. The following symbols and notations apply only to the provisions of this sec­
tion: 

Ag gross area of section, square inches (mm2). 

A 1 loaded area. 
Az maximum area of the portion of the supporting surface that is geometrically similar to and 

concentric with the loaded area. 
Av area of shear reinforcement within a distance s, square inches (mm2). 

b width of compression face of member, inches (mm). 
b0 perimeter of critical section for slabs and footings, inches (mm). 

hw web width, or diameter of circular section, inches (mm). 
d distance from extreme compression fiber to centroid of tension reinforcement, inches 

(mm). 

Ec = modulus of elasticity of concrete, psi (MPa). See Section 1908.5.1. 
Es = modulus of elasticity of reinforcement, psi (MPa). See Section 1908.5.2. 

f'c specified compressive strength of concrete, psi (MPa). See Section 1905. 

ffc = square root of specified compressive strength of concrete, psi (MPa). 
fer = average splitting tensile strength of lightweight aggregate concrete, psi (MPa). See Sec-

tion 1905.1.4. 

k· permissible tensile stress in reinforcement, psi (MPa). 
fY = specified yield strength of reinforcement, psi (MPa). 

M = design moment. 
N design axial load normal to cross section occurring simultaneously with V; to be taken as 

positive for compression, negative for tension and to include effects of tension due to 
creep and shrinkage. 
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n = modular ratio of elasticity. 

£.1./Ec. 

1926.0-1926.3.1 

s spacing of shear reinforcement in direction parallel to longitudinal r~~inforcement, inches 
(mm). 

V design shear force at section. 
v design shear stress. 

vc permissible shear stress carried by concrete, psi (MPa). 
vh permissible horizontal shear stress, psi (MPa). 
a angle between inclined stirrups and longitudinal axis of member. 

13c· ratio of long side to short side of concentrated load or reaction are<. 

p = ratio of tension reinforcement. 

A.Jbd. 

41> strength-reduction factor. See Section 1926.2.1. 

1926.1 Scope. 

1926.1.1 Nonprestressed reinforced concrete members may be designed using service loads (with­
out load factors) and permissible service load stresses in accordance with provisions of this section. 

1926.1.2 For design of members not covered by this section, appropriate pr,)Visions of this code 
shall apply. 

1926.1.3 All applicable provisions of this code for nonprestressed conc:ete, except Section 
1908.4, shall apply to members designed by the alternate design method. 

1926.1.4 Flexural members shall meet requirements for deflection control in Section 1909.5 and 
requirements of Sections 1910.4 through 1910.7 of this code. 

1926.2 General. 

1926.2.1 Load factors and strength-reduction factors $ shall be taken as urtity for members de­
signed by the alternate design method. 

1926.2.2 Members may be proportioned for 75 percent of capacities required by other parts of the 
section when considering wind or earthquake forces combined with other loads, provided the re­
sulting section is not less than that required for the combination of dead and live load. 

1926.2.3 When dead load reduces effects of other loads, members shall be designed for 85 percent 
of dead load in combination with the other loads. 

1926.3 Permissible Service Load Stresses. 

1926.3.1 Stresses in concrete shall not exceed the following: 

1. Flexure. 
Extreme fiber stress in compression .................................... 0.45 f~. 

2. Shear.t 
Beams and one-way slabs and footings: 

Shear carried by concrete, vc . . . . . . . . . . . . . . . . . . . . . . . . . . 1.1 jj~ (For SI: 0.091i"c) 
Maximum shear carried by 

concrete plus shear reinforcement . . . . . . . . . . . vc + 4.41i"c (For 81: vc + 0.371i"c) 
Joists.* 

Shear carried by concrete, Vc • • • • • • • • • • • • • • • • • . . • • • • • 1.2 jj~ (For SI: 0.10 li"c) 
tFor more detailed calculation of shear stress carried by concrete Vc and shear values for lightweight aggregate con­

crete, see Section 1926.7.4. 
*Designed in accordance with Section 1908.11 of this code. 
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Two-way slabs and footings: 

Shear carried by concrete, vc:j: . . . . . . . . . . (I + 2/~c) jf; [For SI: (I + 2/f3c)0.08 /f:] 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . but not greater than 2 jf; (For SI: 0.166 /f:) 

3. Bearing on loaded area** .............................................. 0.3 f'c 

*If shear reinforcement is provided, see Sections 1926.7.7.4 and 1926.7.7.5. 
**When the supporting surface is wider on all sides than the loaded area, permissible bearing stress on the loaded area 

may be increased by j A2/ A 1 but not more than 2. When the supporting surface is sloped or stepped, Az may be 
taken as the area of the lower base of the largest frustum of a right pyramid or cone contained wholly within the 
support and having for its upper base the loaded area and having side slopes of I vertical to 2 horizontaL 

1926.3.2 Tensile stress in reinforcement.t; shall not exceed the following: 

1. Grade 40 or Grade 50 reinforcement ....................... 20,000 psi (137.9 MPa) 
2. Grade 60 reinforcement or greater and welded wire fabric 

(smoothed or deformed) ................................. 24,000 psi (165.5 MPa) 
3. For flexural reinforcement, 3fs inch (9.5 mm) or less in diameter, 

in one-way slabs of not more than 12-foot (3658 mm) span, 
but not greater than 30,000 psi (206.8 MPa) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.50 /y 

1926.4 Development and Splices of Reinforcement. 

1926.4.1 Development and splices of reinforcement shall be as required in Section 1912. 

1926.4.2 In satisfying requirements of Section 1912.11.3, Mn shall be taken as computed moment 
capacity assuming all positive moment tension reinforcement at the section to be stressed to the 
permissible tensile stress_t.;, and Vu shall be taken as unfactored shear force at the section. 

1926.5 Flexure. For investigation of stresses at service loads, straight-line theory (for flexure) 
shall be used with the following assumptions: 

1926.5.1 Strains vary linearly as the distance from the neutral axis, except for deep flexural 
members with overall depth-span ratios greater than 2:5 for continuous spans and 4:5 for simple 
spans, a nonlinear distribution of strain shall be considered. (See Section 191 0.7.) 

1926.5.2 Stress-strain relationship of concrete is a straight line under service loads within per­
missible service load stresses. 

1926.5.3 In reinforced concrete members, concrete resists no tension. 

1926.5.4 Modular ratio, n = EsiEc, may be taken as the nearest whole number (but not less than 
6). Except in calculations for deflections, value of n for lightweight concrete shall be assumed to 
be the same as for normal-weight concrete of the same strength. 

1926.5.5 In doubly reinforced flexural members, an effective modular ratio of 2 E.fiEc shall be 
used to transform compression reinforcement for stress computations. Comp·essive stress in 
such reinforcement shall not exceed permissible tensile stress. 

1926.6 Compression Members with or without Flexure. 

1926.6.1 Combined flexure and axial load capacity of compression members shall be taken as 40 
percent of that computed in accordance with provisions in Section 1910. 

1926.6.2 Slenderness effects shall be included according to requirements of Secti,)ns 1910.10 and 
1910.11. In Formulas (1 0-7) and ( 10-8), the term Pu shall be replaced by 2.5 times the design axial 
load, and <j> shall be taken equal to 1.0. 

1926.6.3 Walls shall be designed in accordance with Section 1914 with flexure and axial load ca­
pacities taken as 40 percent of that computed using Section 1914. In Formula ( 14-1 ), <j> shall be tak­
en equal to 1.0. 
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1926.7 Shear and Torsion. 

1926.7.1 Design shear stress v shall be computed by: 

v 
V = bwd 

where V is design shear force at section considered. 

(26-1) 

1926.7.2 When the reaction, in direction of applied shear, introduces compre;sion into the end re­
gions of a member, sections located less than a distance d from face of support may be designed for 
the same shear v as that computed at a distance d. 

1926.7.3 Whenever applicable, effects of torsion, in accordance with provisions of Section 1911, 
shall be added. Shear and torsional moment strengths provided by concrete ard limiting maximum 
strengths for torsion shall be taken as 55 percent of the values given in Section 1911. 

1926.7.4 Shear stress carried by concrete. 

1926.7.4.1 For members subject to shear and flexure only, shear stress carried by concrete vc shall 

not exceed 1.1 If:. (For SI: 0.09 If:.) unless a more detailed calculation is made in accordance 
with Section 1926.7.4.4. 

1926.7.4.2 For members subject to axial compression, shear stress carried by concrete vc shall not 

exceed 1.1 If:. (For SI: 0.09 If:.) unless a more detailed calculation is made in accordance with 
Section 1926.7.4.5. 

1926.7.4.3 For members subject to significant axial tension, shear reinforcerrent shall be designed 
to carry total shear, unless a more detailed calculation is made using 

v, = 1.1 (I + 0.004 Z) If:. 
For SI: v, = 0.09( I + 0.004 Z) If:. 

where N is negative for tension. Quantity N!Ag shall be expressed in psi (MJ>a). 

1926.7.4.4 For members subject to shear and flexure only, Vc may be computed by 

v, 

For SI: V, = 0.083 If:. + 9 Pw '::; 

(26-2) 

(26-3) 

but Vc shall not exceed 1. 9 If:. (For SI: 0.16 /f:.). Quantity Vd/M shall not be taken greater than 1.0 
where M is design moment occurring simultaneously with Vat section considered. 

1926.7.4.5 For members subject to axial compression, Vc may be computed by 

v, = 1.1 (I + 0.0006 ~) ffc (26-4) 

For SI: v, = 0.09( I + 0.0006 Z) If:. 
Quantity N!Ag shall be expressed in psi (MPa). 

1926.7.4.6 Shear stresses carried by concrete Vc apply to normal-weight c-::mcrete. When light­
weight aggregate concrete is used, one of the following modifications shall apply: 
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1. When.fc1 is specified and concrete is proportioned in accordance with Section 1904.2,.fc1/6.7 

(For SI: 1.8 .fc1) shall be substituted for /1':, but the value of .fc1/6. 7 (For SI: 1.8 .fc1) ~hall not exceed 

/F:. 
2. When.fc.1 is not specified, the value of JF: (For SI: 0.083 JF:) shall be multi~ lied by 0.75 for 

all-lightweight concrete and by 0.85 for sand-lightweight concrete. Linear interpolation may be 
applied when partial sand replacement is used. 

1926.7.4.7 In determining shear stress carried by concrete vc, whenever applicable, effects of axial 
tension due to creep and shrinkage in restrained members shall be considered and efrects of inclined 
flexural compression in variable depth members may be included. 

1926.7.5 Shear stress carried by shear reinforcement. 

1926.7.5.1 Types of shear reinforcement. Shear reinforcement may consist of: 

I. Stirrups perpendicular to axis of member. 

2. Welded wire fabric with wires located perpendicular to axis of member making an angle of 45 
degrees or more with longitudinal tension reinforcement. 

3. Longitudinal reinforcement with bent portion making an angle of 30 degrees or more with 
longitudinal tension reinforcement. 

4. Combinations of stirrups and bent longitudinal reinforcement. 

5. Spirals. 

1926.7.5.2 Design yield strength of shear reinforcement shall not exceed 60,000 pi (413.7 MPa). 

1926.7.5.3 Stirrups and other bars or wires used as shear reinforcement shall extend to a distanced 
from extreme compression fiber and shall be anchored at both ends according to Section 1912.13 to 
develop design yield strength of reinforcement. 

1926.7.5.4 Spacing limits for shear reinforcement. 

1926.7.5.4.1 Spacing of shear reinforcement placed perpendicular to axis of member shall not ex­
ceed d/2 or 24 inches (610 mm). 

1926.7.5.4.2 Inclined stirrups and bent longitudinal reinforcement shall be so s~aced that every 
45-degree line, extending toward the reaction from middepth of member d/2 to lontitudinal tension 
reinforcement, shall be crossed by at least one line of shear reinforcement. 

1926.7.5.4.3 When (v- Vc) exceeds 2 /F: (For SI: 0.166 /F:) maximum spacing given by this 
subsection shall be reduced by one half. 

1926.7.5.5 Minimum shear reinforcement. 

1926.7.5.5.1 A minimum area of shear reinforcement shall be provided in all reir forced concrete 
flexural members where design shear stress v is greater than one half the permissible shear stress vc 
carried by concrete, except the following: 

1. Slab and footings. 

2. Concrete joist construction defined by Section 1908.11 of this code. 

3. Beams with total depth not greater than 10 inches (254 mm), two and one-half times thickness 
of flange or one half the width of web, whichever is greater. 

1926.7.5.5.2 Minimum shear reinforcement requirements of this subsection may be waived if 
shown by test that required ultimate flexural and shear strength can be developed when shear rein­
forcement is omitted. 
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1926.7.5.5.3 Where shear reinforcement is required by this subsection or by analysis, minimum 
area of shear reinforcement shall be computed by 

A = 50 bwS (26-5) v fv 

ForSI: Av = 0.34 ~s 
where hw and s are in inches (mm). 

1926.7.5.6 Design ofshear reinforcement. 

1926.7.5.6.1 Where design shear stress v exceeds shear stress carried by concrete Vc, shear rein­
forcement shall be provided in accordance with this subsection. 

1926.7.5.6.2 When shear reinforcement perpendicular to axis of member is used, 

A = (v - Vc)bwS 
v f, (26-6) 

1926.7.5.6.3 When inclined stirrups are used as shear reinforcement, 

A = (v - vJbws 
v f, (sin a + cos a) (26-7) 

1926.7.5.6.4 When shear reinforcement consists of a single bar or a single group of parallel bars, 
all bent up at the same distance from the support, 

A = (v- vc)b,...d 
v f, sin a (26-8) 

where (v- vc) shall not exceed 1.6 /?: (For SI: 0.13 /?: ). 
1926. 7.5.6.5 When shear reinforcement consists of a series of parallel bent· up bars or groups of 
parallel bent-up bars at different distances from the support, required area shall be computed by 
Formula (26-7). 

1926.7.5.6.6 Only the center three fourths of the inclined portion of any longitudinal bent bar shall 
be considered effective for shear reinforcement. 

1926.7.5.6.7 When more than one type of shear reinforcement is used to reinforce the same portion 
of a member, required area shall be computed as the sum of the various types separately. In such 
computations, Vc shall be included only once. 

1926.7.5.6.8 Value of (v- Vc) shall not exceed 4.4 /?: (For SI: 0.37 /?: ). 
1926.7.6 Shear friction. Where it is appropriate to consider shear transfer across a given plane 
such as an existing or potential crack, an interface between dissimilar materials, or an interface be­
tween two concretes cast at different times, shear friction provisions of Se~tion 1911.7 may be 
applied with limiting maximum stress for shear taken as 55 percent of t1at given in Section 
1911. 7.5. Permissible stress in shear friction reinforcement shall be that given in Section 1926.3.2. 

1926.7.7 Special provisions for slabs and footings. 

1926.7. 7.1 Shear capacity of slabs and footings in the vicinity of concentrated loads or reactions is 
governed by the more severe of the following two conditions: 

1926.7.7.1.1 Beam action for slab or footing with a critical section extending in a plane across 
the entire width and located at a distance d from face of concentrated load or reaction area. For 
this condition, the slab or footing shall be designed in accordance with Sections 1926.7.1 through 
1926.7.5. 
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1926.7.7.1.2 Two-way action for slab or footing with a critical section perpendicular to plane of 
slab and located so that its perimeter is a minimum but need not approach closer than d/2 to pe­
rimeter of concentrated load or reaction area. For this condition, the slab or footing shall be de­
signed in accordance with Sections 1926.7.7.2 and 1926.7.7.3. 

1926.7.7.2 Design shear stress v shall be computed by 

v = __y_ 
bod 

where Vand b0 shall be taken at the critical section defined in Section 1926.7.7.1.2. 

(26-9) 

1926.7.7.3 Design shear stress v shall not exceed vc given by Formula (26-10) urJess shear rein­
forcement is provided. 

Vc = ( 1 + JJ ff': (26-10) 

For SI: Vc = 0.083 ( 1 + JJ ff': 
but vc shall not exceed 2 ff': (For SI: 0.166 ff': ). ~cis the ratio of long side to shor: side of concen­
trated load or reaction area. When lightweight aggregate concrete is used, the modii"ications of Sec­
tion 1926.7.4.6 shall apply. 

1926.7.7.4 If shear reinforcement consisting of bars or wires is provided in accordance with Sec­

tion 1911.12.3, Vc shall not exceed ff': (For SI: 0.083 ff': ), and v shall not exceed 3 ff': (For SI: 

0.25 ff': ). 
1926.7.7.5 If shear reinforcement consisting of steel I or channel shapes (shearhe:tds) is provided 
in accordance with Section 1911.12.4 of this code, von the critical section defined in Section 

1926.7.7.1.2 shall not exceed 3.5 ff': (For SI: 0.29 ff':) and von the critical se~tion defined in 

Section 1911.12.4.7 shall not exceed 2 ff': (For Sl: 0.166 ff': ). In Formulas (11-38) and (11-39), 
design shear force V shall be multiplied by 2 and substituted for Vu. 

1926.7.8 Special provisions for other members. For design of deep flexural members, brackets 
and corbels and walls, the special provisions of Section 1911 shall be used with shear strengths pro­
vided by concrete and limiting maximum strengths for shear taken as 55 percent of the values given 
in Section 1911. In Section 1911.10.6, the design axial load shall be multiplied by 1.2 if compres­
sion and 2.0 if tension and substituted for Nu. 

1926.7.9 Composite concrete flexural members. For design of composite concrete flexural 
members, permissible horizontal shear stress vh shall not exceed 55 percent of the horizontal shear 
strengths given in Section 1917.5.2. 

SECTION 1927- REINFORCED GYPSUM CONCRETE 

1927.1 General. Reinforced gypsum concrete shall confonn to U.B.C. Standard 19-15. 

Reinforced gypsum concrete shall develop the minimum ultimate compressive strength in pounds 
per square inch (MPa) set forth in Table 19-F when dried to constant weight, wirh tests made on 
cylinders 2 inches (51 mm) in diameter and 4 inches ( 102 mm) long or on 2-inch (51 mm) cubes. 

For special inspection, see Section 1701. 

1927.2 Design. The minimum thickness of reinforced gypsum concrete shall be 2 inches (51 mm) 
except the thickness may be reduced to 1112 inches (38 mm), provided all of the following conditions 
are satisfied: 
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1. The overall thickness, including theformboard, is not less than 2 inches (51 mm). 

2. The clear span of the gypsum concrete between supports does not exceed 2 feet 9 inches ( 838 
mm). 

3. Diaphragm action is not required. 

4. The design live load does not exceed 40 pounds per square foot ( 195 k,?lm 2). 

1927.3 Stresses. The maximum allowable unit working stresses in reinforced gypsum concrete 
shall not exceed the values set forth in Table 19-G except as specified in Chapter 16. Bolt values 
shall not exceed those set forth in Table 19-H. 

Allowable shear in poured-in-place reinforced gypsum concrete diaphragms using standard 
hot-rolled bulb tee subpurlins shall be determined by U.B.C. Standard 19-15. (See Table 19-15-A in 
the standard for values for commonly used roof systems.) 
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TABLE 19-A-1-TOTAL AIR CONTENT FOR FROST-RESISTANT CONCRETE 

NOMINAL MAXIMUM AGGREGATE AIR CONTENT, PERCENTAGE 
SIZE (Inches) 

x 25.41ormm Severe Exposure Moderate Exposure 

3/g 71/z 6 
1/2 7 5 1/z 

3/4 6 5 

I 6 4'/z 

11/z 51/z 41/4 

2' 5 4 

3' 41/z 31/z 

'These au contents apply to total m1x, as for the precedmg aggregate s1zes. When testmg th1s com:rete, however, ag­
gregate larger than Jl/2 inches (38 mm) is removed by hand picking or sieving, and air content is determined on 
the minus 11/z-inch (38 mm) fraction. 

TABLE 19-A-2-REQUIREMENTS FOR SPECIAL EXPOSURE CONDITIONS 

MINIMUM f 0 , 

NORMAL-WEIGHT AND 
MAXIMUM LIGHTWEIGHT 

WATER-CEMENTmOUS AGGREGATE CONCRETE, 
MATERIALS RATIO, BY psi 

WEIGHT, NORMAL-WEIGHT 
x 0.00689 lor MPa EXPOSURE CONDmON AGGREGATE CONCRETE 

Concrete intended to have low permeability when 
exposed to water 0.50 4,000 

Concrete exposed to freezing and thawing in a moist 
condition or to deicing chemicals 0.45 4,500 

For corrosion protection for reinforced concrete 
exposed to chlorides from deicing chemicals, salts or 
brackish water, or spray from these sources 0.40 5,000 

TABLE 19-A-3-REQUIREMENTS FOR CONCRETE 
EXPOSED TO SULFATE-CONTAINING SOLUTIONS 

MINIMUM f 0 , 

MAXIMUM WATER· NORMAL-WEIGHT 
CEMENTmOUS AND 

WATER· SOLUBLE MATERIALS LIGHTWEIGHT 
SULFATE RATIO, BY WEIGHT, AGGREGATE 

(S04) IN SOIL, NORMAL-WEIGHT CONCRETE, psi 
SULFATE PERCENTAGE BY SULFATE (S04) IN AGGREGATE 

EXPOSURE WEIGHT WATER, ppm CEMENT TYPE CONCRETE1 x 0.006891or MPa 

Negligible 0.00-0.10 0-150 - - -

Moderate2 0.10-0.20 150-1,500 II, IP(MS), IS 0.50 4,000 
(MS) 

Severe 0.20-2.00 1,500-10,000 v 0.45 4,500 

Very severe Over2.00 Over 10,000 V plus 0.45 4,500 
pozzolan3 

.. 1 A lower water-cementitwus matenals ratw or h1gher strength may be requued for low permeability or for protectiOn 
against corrosion of embedded items or freezing and thawing (Table 19-A-2). 

2Seawater. 
3pozzolan that has been determined by test or service record to improve sulfate resistance when used in concrete con­

taining Type V cement. 
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TABLE 19-A-4-MAXIMUM CHLORIDE ION CONTENT FOR CORROSIOI\1 PROTECTION 
MAXIMUM WATER-SOLUBLE CHLORIDE ION (CI) IN 

CONCRETE, PERCEifl"AGE BY 
TYPE OF MEMBER WEIGHT OF CEMENmiOIJS MATERIALS 

Prestressed concrete 0.06 

Reinforced concrete exposed to chloride in service 0.15 

Reinforced concrete that will be dry or protected from 
moisture in service 1.00 

Other reinforced concrete construction 0.30 

TABLE 19-A-5-MODIFICATION FACTOR FOR STANDARD 
DEVIATION WHEN LESS THAN 30 TESTS ARE AVAILABLE 

NUMBER OF TESTS1 MODIFICATION FACTOR FOR STANDARD DEVIATION2 

Less than 15 Use Table 19-A-6 

15 1.16 

20 1.08 

25 1.03 
30 or more 1.00 

1Interpolate for mterrnedtate numbers of tests. 
2Modified standard deviation to be used to determine required average strength.f~·r from Section 1905.3.2.1. 

TABLE 19-A-6-REQUIRED AVERAGE COMPRESSIVE STRENGTH WHEN DATA 
ARE NOT AVAILABLE TO ESTABLISH A STANDARD DEVIATION 

SPECIFIED COMPRESSIVE STRENGTH REQUIRED AVERAGE COMPFIESSIVE STRENGTH 
f'c psi f(,,psl 

x 0.00689 for MPa 

Less than 3,000 psi f~- + 1,000 

3,000 to 5,000 f~- + 1,2CO 

Over 5,000 f~ + 1,4CO 

TABLE 19-A-7-MAXIMUM PERMISSIBLE WATER·CEMENTITIOUS MATERIALS 
RATIOS FOR CONCRETE WHEN STRENGTH DATA FROM FIELD EXPERIENCE 

OR TRIAL MIXTURES ARE NOT AVAILABLE 
SPECIFIED COMPRESSIVE 

STRENGTH f(, psl1 ABSOLUTE WATER·CEMENTmOUS MATERIALS RATIO BY WEIGHT 

x 0.00689 for MPa Nonalr-entralned Concrete Alr-e11tralned Concrete 

2,500 0.67 0.54 

3,000 0.58 0.46 

3,500 0.51 0.40 

4,000 0.44 0.35 

4,500 0.38 2 

5,000 2 2 

I 

I 

I 

.. 
ITwenty-etght-day strength. Wtth most matenals, water-cementtttous matenals rattos shewn wtll provtde average I 

strengths greater than indicated in Section 1905.3.2 as being required. 
2for strengths above 4,500 psi (31.0 MPa) (nonair-entrained concrete) and 4,000 psi (27.6 MPa) (air-entrained con­

crete). concrete proportions shall be established by methods of Section 1905.3. 
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TABLE 19-B-MINIMUM DIAMETERS OF BEND 
BAR SIZE MINIMUM DIAMETER ::J 

Nos. 3 through 8 6t4, 
Nos. 9, 10 and 11 8t4, 

Nos. 14 and 18 I Ot4, 

TABLE 19-C-1-MINIMUM THICKNESS OF NONPRESTRESSED BEAMS 
OR ONE-WAY SLABS UNLESS DEFLECTIONS ARE COMPUTED1 

MINIMUM THICKNESS, h 

Simply Supported I One End I Both Ends I Continuous Continuous Cantilever 

MEMBER 
Members not sueportlng_or attached to partitions or ,,ther 

construction II ely to damaged by large deflections 

Solid one-way slabs 1/20 I 1/24 I //28 I 1110 

Beams or ribbed one-way slabs 1/16 I //18.5 _L 1/21 I //8 
. . 

'Span length Its m mches . 
Values given shall be used directly for members with normal-weight concrete [we= 145 pcf (2323 kglm3)] and Grade 

60 reinforcement. For other conditions, the values shall be modified as follows: 
(a) For structural lightweight concrete having unit weights in the range 90 to 120 pounds pt:r cubic foot (1442 
to 1922 kgfm3), the value shall be multiplied by (1.65- 0.005 We) (For SI: 1.65-0.0003 we) bu: not Jess than 1.09, 
where w,. is the unit weight in pounds per cubic foot (kglm3). 
(b) For.t;. other than 60,000 psi (413.7 MPa), the values shall be multiplied by (0.4 +.~./100,000) (For SI: 0.4 + 
.~./689.5). 

TABLE 19-C-2-MINIMUM THICKNESS OF SLABS WITHOUT INTERIOR EIEAMS 
y WITHOUT DROP PANELS' WITH DROP PANILS1 

IELO STRENGTH, 11, 
psi' Exterior Panels Exterior Panels 

x 0.00689 lor MPa Without edge w~!~~~9e Without edge w~!~~~ge beams Interior panels beams Interior panels 

40,000 ln ln ln ln ln In 
33 36 36 36 40 40 

60,000 In In ln In ln ln 
30 33 33 33 36 36 

75,000 In ln In In In In 
28 3t 3t 3t 34 34 .. 

*For values of remforcement yteld strength between the values gtven m the table, mtmmum thtckness shall be deter­
mined by linear interpolation. 

1Drop panel is defined in Section 1913.4.7. 
2Slabs with beams between columns along exterior edges. The value of a for the edge beam shall not be less than 0.8. 

TABLE 19-D-VALUES OFa,/n 

RELATIVE BEAM STIFFNESS, <X.ntn 

ASPECT 
ll. RATIOI2/1 0 0.5 1.0 2.0 4.0 

2.0 0.5-2.0 0 0 0 0 0 
1.0 0.5 0.6 0 0 0 0 

0.8 0.7 0 0 0 0 
1.0 0.7 0.1 0 0 0 
1.25 0.8 0.4 0 0 0 
2.0 1.2 0.5 0.2 0 0 

0.5 0.5 1.3 0.3 0 0 0 
0.8 1.5 0.5 0.2 0 0 
1.0 1.6 0.6 0.2 0 0 
1.25 1.9 1.0 0.5 0 0 
2.0 4.9 1.6 0.8 0.3 0 

0.33 0.5 1.8 0.5 0.1 0 0 
0.8 2.0 0.9 0.3 0 0 
1.0 2.3 0.9 0.4 0 0 
1.25 2.8 1.5 0.8 0.2 0 
2.0 13.0 2.6 1.2 0.5 0.3 
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TABLE 19-E-ALLOWABLE SERVICE LOAD ON EMBEDDED BOLTS (Pounds) (Newtons)1,2,3 

MINIMUM CONCRETE STRENGTH {psi) 

x 0.00689 for MPa 

BOLT MINIMUM4 EDGE f'c = 2,000 f'c = 3,000 f'c = 4,000 
DIAM~R EMBEDMENT DISTANCE SPACING 

(Inches (Inches) (Inches) (Inches) Tensions Shear6 Tensions Sheer6 TensionS Shesr6 

x 25.4for mm x 4,5 for newtons 

.,4 2•t2 ,.,2 3 200 500 200 500 200 500 

3fg 3 21/4 41/2 500 1,100 500 1,100 500 1,100 

.,2 4 3 6 950 1,250 950 1,250 950 1,250 
4 5 6 1,400 1,550 1,500 1,650 1,550 1,750 

5fg 
41/2 33/4 71/2 1,500 2,750 1,500 2,750 1,500 2,750 
41/2 61/4 71/2 2,050 2,900 2,200 3,000 2,400 3,050 

3/4 
5 41/2 9 2,250 2,940 2,250 3,560 2,250 3,560 
5 71/2 9 2,700 4,250 2,950 4,300 3,200 4,400 

1tg 6 51/4 IQI/2 2,550 3,350 2,550 4,050 2,550 4,050 

I 7 6 12 2,850 3,750 3,250 4,500 3,650 5,300 ,.,8 8 63/4 13 1/2 3,400 4,750 3,400 4,750 3,400 4,750 

,.,4 9 71/2 15 4,000 5,800 4,000 5,800 4,000 5,800 
-- -

I Values are natural stone aggregate concrete and bolts of at least A 307 quality. Bolts shall have a standard head or an equal deformity in the embedded portion. 
2The tabulated values are for anchors installed at the specified spacing and edge distances. Such spacing and edge distance may be reduced 50 percent with an equal reduction I 

in value. Use linear interpolation for intermediate spacings and edge margins. 
3The allowable values may be increased per Section 1603.5 for duration of loads such as wind or seismic forces. 
4 An additional 2 inches (51 mm) of embedment shall be provided for anchor bolts located in the top of columns located in Seismic Zones 2, 3 and 4. 
5Values shown are for work without special inspection. Where special inspection is provided, values may be increased 100 percent. 
6Values shown are for work with or without special inspection. 
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19-F-19-H 1994 UNIFORM BUILDING CODE 

TABLE 19-F-MINIMUM COMPRESSIVE STRENGTH AND MODULUS OF EL~~STICITY 
AND OF RIGIDITY OF REINFORCED GYPSUM CONCRETE 

COMPRESSIVE STRENGTH I MODULUS OF ELASTICITY 
psi (f. ) psi (f) 

CLASS x 0.00689 for MPs Es!E, (n) MODULU!; OF RIGIDITY (G) 

A 500 

I 
200,000 ISO .36E 

B 1,000 600,000 50 .40E 

TABLE 19-G-ALLOWABLE UNIT WORKING STRESS REINFORCED GYPSUM CONCRETE 
CLASS A I CLASS B 

(pounds psr square Inch) 

TYPE OF STRESS FACTOR x 0.00689 for MPa 

Flexural compression .2~{g 125 250 

Axial compression or bearing .20/g 100 200 

Bond for plain bars and shear I .02/g 10 20 

Bond for deformed bars and electrically welded wire mesh1 .O~fi 15 30 
1Electncally welded wue mesh remforcement shall be considered as meetmg the bond and shear n:quirements of this 

section. In no case shall the area of principal reinforcement be less than 0.26 square inch per foot (550 mm2/m) of 
slab width. 

TABLE 19-H-SHEAR ON ANCHOR BOLTS AND DOWELs-REINFORCED GYPSlJIM CONCRETE1 
BOLT OR DOWEL SIZE EMBEDMENT SHEAR2 

(Inches) (Inches) (Inches) 

x 25.4formm 

3/g bolt 4 325 
1/2 bolt 5 450 
5/s bolt 5 650 

3t8 deformed dowel 6 325 
1/2 deformed dowel 6 450 

1 The bolts or dowels shaH be spaced not closer than 6 inches ( 152 mm) on center. 
2The tabulated values may be increased one third for bolts or dowels resisting wind or seismic forces. 
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TABLE 19-1-MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS 
TYPE OF MEMBER DEFLECTION TO BE CONSIDERED UEFLECTION UMITATION 

Rat roofs not supporting or attached to Immediate deflection due to live load L _L 
nonstructural elements likely to be 180 damaged by large deflections 

Aoors not supporting or attached to Immediate deflection due to live load L _l_ 
nonstructural elements likely to be 

360 damaged by large deflections 

Roof or floor construction supporting or That part of the total deflection __1!__ 
attached to nonstructural elements likely occurring after attachment of 480 to be damaged by large deflections nonstructural elements (sum of the 

Roof or floor construction supporting or long-time deflection due to all sustained 
L attached to nonstructural elements likely loads and the immediate deflection due 

to not be damaged by large deflections to any additional live loads)3 240 

I The hmll is not mtended to safeguard against ponding. The member shall be checked for ponding by suitable calcula­
tions of deflection, including added deflections due to ponded water, and considering long-term effects of all sus­
tained loads, camber, construction tolerances, and reliability of provisions for drainage. 

2The limit may be exceeded if adequate measures are taken to prevent damage to supported or attached elements. 
3Long-time deflection shall be determined in accordance with Section 1909.5.2.5 or 1909.5.4.2, but may be reduced 

by the amount of deflection calculated to occur before attachment of nonstructural eleme ~Is. This amount shall be 
determined on basis of accepted engineering data relating to time-deflection characteristics of members similar to 
those being considered. 

4But not greater than tolerance provided for nonstructural elements. The limits may be exceded if camber is provided 
so that total deflection minus camber does not exceed limit. 
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FIGURE 1g.1-MINIMUM EXTENSIONS FOR REINFORCEMENT IN SLABS WITHOUT BEAMS 
[See Section 1912.11.1 for reinforcement extension into supports.] 
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1994 UNIFORM BUILDING CODE 
CHAP. 20, DIV. I 

2001-2001.3 

Chapter 20 

LIGHTWEIGHT METALS 

Division I-GENERAL 

SECTION 2001 - MATERIAL STANDARDS AND SYMBOLS 

2001.1 General. The quality, design, fabrication and erection of aluminum used structurally in 
buildings and structures shall conform to the requirements of this chapter, to other applicable re­
quirements of this code and to Division II. 

2001.2 Alloys. The use of aluminum alloys and tempers other than those covered by this chapter 
and other lightweight metal alloys are allowed for structural members and assemblies, provided 
standards of performance not less than those required by this chapter are sub~:tantiated to the satis­
faction of the building official. When required by the building official, certification that the alloys 
and tempers called for on the plans have been furnished shall be provided. 

2001.3 Symbols and Notations. The symbols and notations used in this chapter are defined as 
follows: 

A area, square inches (mm2). 
Ac area of compression element, square inches (mm2) (compression flange plus one third of 

area of web between compression flange and neutral axis). 
Aw area of cross section lying within 1.0 inch of a weld, square inche~. (mm2). 
a 1 shorter dimension of rectangular panel, inches (mm). 
az longer dimension of rectangular panel, inches (mm). 
ae equivalent width of rectangular panel, inches (mm). 

B,D,C 

buckling formula constants, with following subscript: 
c-compression in columns 
p-compression in flat plates 
t-compression in round tubes 
tb--bending in round tubes 
b--bending in rectangular bars 
s-shear in flat plates 

b width of sections, inches (mm). 

bit = width-to-thickness ratio or rectangular element of a cross section. 
c = distance from neutral axis to extreme fiber, inches (mm). 
D diameter, inches (mm). 

d depth of section or beam, inches (mm). 
E compressive modulus of elasticity, kips per square inch (ksi) (MPa). 

F allowable stress, ksi (MPa). 
Fa allowable compressive stress for member considered as an axially loaded column, ksi 

(MPa). 
Fh = allowable compressive stress for member considered as a beam, ksi (MPa). 

bearing ultimate strength, ksi (MPa). 
bearing ultimate strength within 1.0 inch (25.4 mm) of a weld, ksi (MPa). 

= bearing yield strength, ksi (MPa). 
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Fbyw 
Fe 

Fey 

Feyw 

Fee 

Fn 

Fpw 

F.v 
F.w 

F.ww 
F.,y 

F.\·yw 
Ftu 

Ftuw 
Fty 

Ftyw 

Fv 

f 
fa 

= 

= 

bearing yield strength within 1.0 inch (25.4 mm) of a weld, ksi (MPa). 
allowable compressive stress, ksi (MPa). 
compressive yield strength, ksi (MPa). 
compressive yield strength across a butt weld (0.2 percent offset in 10-inch (254 mm) 
gage length), ksi (MPa). 
7t2E/[nu(llr)2], where 1/r is slenderness ratio for member considered as a column tending 
to fail in the plane of the applied bending moments, ksi (MPa). 
allowable stress for cross section 1.0 inch (25.4 mm) or more from weld, ksi (MPa). 
allowable stress on cross section, part of whose area lies within 1.0 (25.4 mm) inch of a 
weld, ksi (MPa). 
allowable shear stress for members subjected only to torsion or shear, ksi (MPa). 
shear ultimate strength, ksi (MPa). 
shear ultimate strength within 1.0 inch (25.4 mm) of a weld, ksi (MPa). 
shear yield strength, ksi (MPa). 
shear yield strength within 1.0 inch (25.4 mm) of a weld, ksi (MPa). 
tensile ultimate strength, ksi (MPa). 
tensile ultimate strength across a butt weld, ksi (MPa). 
tensile yield strength, ksi (MPa). 
tensile yield strength across a butt weld [0.2 percent offset in 1 0-inch (254 mm) gage 
length], ksi (MPa). 
either Fty or Fey• whichever is smaller, ksi (MPa). 
calculated stress, ksi (MPa). 
average compressive stress on cross section of member produced by axial compressive 
load, ksi (MPa). 

fi, maximum bending stress (compressive) caused by transverse loads or end moments, ksi 
(MPa). 

f, shear stress caused by torsion or transverse shear, ksi (MPa). 
G modulus of elasticity in shear, ksi (MPa). 
g = spacing of rivet or bolt holes perpendicular to direction of load, inches (mm). 
h clear height of shear web, inches (mm). 
I moment of inertia, inches4 (mm4). 

lh moment of inertia of horizontal stiffener, inches4 (mm4). 
r, moment of inertia of transverse stiffener to resist shear buckling, inche~:4 (mm4). 
lx = moment of inertia of a beam about axis perpendicular to web, inches4 (mm4). 
lv moment of inertia of a beam about axis parallel to web, inches4 (mm4). 

lve = moment of inertia of compression element about axis parallel to vertical web, inches4 

(mm4). 

1 = torsion constant, inches4 (mm4). 
kt coefficient for determining slenderness limit Sz for sections for which the allowable com­

pressive stress is based on crippling strength. 
kz = coefficient for determining allowable compressive stress in sections with slenderness ra-

tio above Sz for which the allowable compressive stress is based on crippling strength. 
ke coefficient for compression members. 
k1 coefficient for tension members. 
L = length of compression member between points of lateral support, or twice the length of a 

cantilever column (except where analysis shows that a shorter length can be used), inches 
(mm). 
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4 

4 = 

Lw 

1/r 
M 

Me 

Mm 

Mt.M2 

N 

na 
nu 
ny 
p 

Pc 
P, 
R 

Rh 
R, 
r 

'L 
ry 

Sc = 
SR 
s, = 

S1, S2 = 
s = 

length of beam between points at which the compression flange is supported against later­
al movement, or length of cantilever beam from free end to point at which the compres­
sion flange is supported against lateral movement, inches (mm). 
total length of portion of column lying within 1.0 inch (25.4 mm) of a weld (excluding 
welds at ends of columns that are supported at both ends), inches (mm). 
increased length to be substituted in column formula to determine allowable stress for 
welded column, inches (mm). 
slenderness ratio for columns. 
bending moment, inch-kips (kN·m). 
bending moment at center of span resulting from applied bending loads, inch-kips 
(kN·m). 
maximum bending moment in span resulting from applied bending loads, inch-kips 
(kN·m). 

bending moments at two ends of a beam, inch-kips (kN·m). 
length of bearing at reaction or concentrated load, inches (mm). 
factor of safety on appearance of buckling. 
factor of safety on ultimate strength. 
factor of safety on yield strength. 
local load concentration on bearing stiffener, kips (kN). 
allowable reaction or concentrated load per web, kips (kN). 
allowable tensile load per fastener, sheet to purlin or girt, kips (kN). 
outside radius of round tube or maximum outside radius for an oval tube, inches (mm). 
radius of curvature of tubular members, inches (mm). 
transition radius, the radius of an attachment of the weld detail. 
least radius of gyration of a column, inches (mm). 
radius of gyration of lip or bulb about face of flange from which lip projects, inches (mm). 
radius of gyration of a beam (about axis parallel to web), inches (mm). (For beams that are 
unsymmetrical about the horizontal axis, ry should be calculated a~; though both flanges 
were the same as the compression flange.) 
section modulus of a beam, compression side, inches3 (mm3). 
stress ratio, the ratio of minimum stress to maximum stress. 
section modulus of a beam, tension side, inches3 (mm3). 
slenderness limits. 
spacing of transverse stiffeners (clear distance between stiffeners for stiffeners consisting 
of a pair of members, one on each side of the web, center-to-center distance between stiff-
eners consisting of a member on one side of the web only), inches (mm); spacing of rivet 
or bolt holes parallel to direction of load, inches (mm). 
thickness of flange, plate, web or tube, inches (mm). (For tapered flanges, tis the average 
thickness.) 

V shear force on web at stiffener location, kips (kN). 
a a factor equal to unity for a stiffener consisting of equal members on both sides of the web 

and equal to 3.5 for a stiffener consisting of a member on one side only. 

9 angle between plane of web and plane of bearing surface (9 :o; 90), degrees. 

2001.4 Identification. Aluminum for structural elements shall at all times be segregated or other­
wise handled in the fabricator's plant so that the separate alloys and tempers are positively identi-
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fied and, after completion of fabrication, shall be marked to identify the alloy and temper. Such 
markings shall be affixed to complete members and assemblies or to boxed or bundled shipments of 
multiple units prior to shipment from the fabricator's plant. 

SECTION 2002- ALLOWABLE STRESSES FOR MEMBERS AND FA~nENERS 

2002.1 Allowable Unit Stresses. Except as modified by Division II, allowable unit stresses in 
aluminum alloy structural members shall be determined in accordance with the formulas of Table 
20-I-C utilizing the safety factors listed in Table 20-I-D, and the constants and coefficients listed in 
Tables 20-I-E, 20-I-F and 20-I-G. Where two formulas are given, the smaller Df the resulting 
stresses shall be used. 

2002.2 Welded Structural Members. Allowable unit stresses for structural members whose en­
tire cross-sectional area lies within 1 inch (25.4 mm) of the center line of a butt weld of the heel of a 
fillet weld shall be determined by means of the formulas of Table 20-I-C utilizing the applicable 
minimum expected mechanical properties for welded aluminum alloys listed in Division II. The 
tensile ultimate strength, F1uw• shall be 90 percent of the American Society of Mechanical Engi­
neers weld qualification test value of ultimate strength. Except as modified by Divi:;ion II, buckling 
constants determined in accordance with the formulas of Tables 20-I-E and 20-I-G shall be calcu­
lated using the nonwelded mechanical properties of the respective aluminum alloys. 

If less than 15 percent of the area of a given cross section lies within 1 inch (25.4 mm) of the center 
line of a butt weld or the heel of a fillet weld, the effect of the weld may be neglected and allowable 
stresses for nonwelded structural members may be used. 

If the area of a cross section that lies within 1 inch (25.4 mm) of a weld is betwee~ 15 percent and 
I 00 percent of the total area of the cross section, the allowable stress shall be calculated by the fol­
lowing formula: 

WHERE: 

A = net area of cross section of a tension member or tension flange of a beam, or gross area of 
cross section of a compression member or compression flange of a beam, square inches 
(mm2). (A beam flange is considered to consist of that portion of the member further than 
2c/3 from the neutral axis, where cis the distance from the neutral axis to the extreme fi­
ber.) 

Aw area of cross section lying within 1.0 inch (25.4 mm) of a weld. 

Fn allowable stress for cross section 1.0 inch (25.4 mm) or more from weld. 

Fpw allowable stress on cross section part of whose area lies within 1.0 inch (25.4 mm) of a 
weld. 

Fw = allowable stress on cross section if entire area were to lie within 1.0 inch (25.4 mm) of a 
weld. 

For columns and beams with welds at locations other than at their supported ends (not farther 
from the supports than 0.05 L from the ends), and for cantilever columns and single web beams with 
transverse welds at or near the supported end, the effect of welding on allowable stresses shall be 
determined in accordance with the provisions of Division II. 

2002.3 Rivets and Bolts. Allowable stresses in aluminum rivets and bolts shall be as set forth in 
Table 20-I-A. 

2002.4 Fillet Welds. Allowable shear stresses in fillet welds shall be as set forth in Table 20-I-B. 
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SECTION 2003 - DESIGN 

CHAP. 20, DIV. I 
2003-2004.7 

2003.1 Combined Stresses. Members subjected to combinations of compression and bending or 
shear, compression and bending shall be proportioned in accordance with the provisions of Divi­
sion II. 

2003.2 Light Gage Members. Where the design of light gage structural members is involved, the 
special provisions of Division II shall be applied. 

2003.3 Structural Roofing and Sidinlf. The live load deflection of structural roofing and siding 
made of formed sheet shall not exceed /6o of the span length. 

2003.4 Connections. The design of mechanical and welded connections shall be in accordance 
with this chapter and the provisions of Division II. 

SECTION 2004 - FABRICATION AND ERECTION 

2004.1 Cutting. Oxygen cutting of aluminum alloys shall not be permitted.. 

2004.2 Fasteners. Bolts and other fasteners shall be aluminum, stainless steel or aluminized, 
hot-dip galvanized or electrogalvanized steel. Double cadmium-plated AN steel bolts may also be 
used. Steel rivets shall not be used except where aluminum is to be joined to stf:el or where corrosion 
resistance of the structure is not a requirement or where the structure is to be protected against corro­
sion. 

2004.3 Dissimilar Materials. Where aluminum alloy parts are in contact with dissimilar metals, 
other than stainless, aluminized or galvanized steel or absorbent building materials likely to be con­
tinuously or intermittently wet, the faying surfaces shall be painted or otherwi>e separated in accor­
dance with Division II. 

2004.4 Painting. Except as prescribed in Section 2004.3, painting or coating of aluminum alloy 
parts shall be required only when called for on the plans. 

2004.5 Welding. Aluminum parts shall be welded with an inert gas shielded arc or resistance 
welding process. No welding process that requires a welding flux shall be used. Filler alloys com­
plying with the requirements of Division II shall be used. 

2004.6 Welder Qualification. All welds of structural members shall be performed by welders 
qualified in accordance with the procedures of Division II. 

2004.7 Erection. During erection, structural aluminum shall be adequately braced and fastened 
to resist dead, wind and erection loads. 

2-275 



20-1-A-20-1-B 1994 UNIFORM BUILDING CODE 

TABLE 20-1-A-ALLOWABLE STRESSES FOR RIVETS 

MINIMUM ALLOWABLE 
EXPECTED SHEAR STRESS ON 

SHEAR loFFECTIVE AREA 
STRENGTH (ksl) (ksl) 

DESIGNATION DESIGNATION AFTER 
X 6.89 fOI" MPa BEFORE DRIVING DRIVING PROCEDURE DRIVING 

IIOO-H14 Cold, as received 1100-F 9.5 4 
2017-T4 Cold, as received 2017-T3 34 14.5 
2117-T4 Cold, as received 2117-T3 29 12 
5056-H32 Cold, as received 5056-H321 26 II 
6053-T61 Cold, as received 6053-T61 20 8.5 
6061-T4 Hot, 990°F. to 1050°F. 6061-T43 21 9 
6061-T6 Cold, as received 6061-T6 26 III 

ALLOWABLE STRESSES FOR BOLTS 

ALLOWABLE 
TENSILE STRESS 

MINIMUM EXPECTED SHEAR ALLOWABLE2 SHEAR STRESS ON ON ROOT AREA 
STRENGTH (ksl) EFFECTIVE AREA (ksl) (ksl) 

ALLOY AND 
x 6.89 for MPa TEMPER 

2024-T4 37 16 26 
6061-T6 27 12 18 
7075-T73 40 17 28 

I Also applies to 6061-T6 pins. 
2Values apply to either turned bolts or unfinished bolts in holes not more than 1/16 inch (1.6 mm) oversized. 

TABLE 20-1-B-ALLOWABLE SHEAR STRESSES IN FILLET WELDS (ksi) 
(Shear stress is considered equal to the load divided by the throat area.) 

5356 
1100 4043 5554 

FILLER ALLOY x 6.89 for MPa 

Parent Alloy 
1100 3.2 4.8 * 
3003 3.2 5 * 

Alclad 3004 * 5 7 
5052 * 5 7 
5083 * * * 
5086 * * 7 
5454 * * 7 
5456 * * * 
6061 * 5 7 
6063 * 5 6.5 

* Not permitted. 
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TYPE OF STRESS 

Tension, axial, net 
section 

Tension in beams, 
extreme fiber, net 
section 

Bearing 

Compression in 
columns, axial, 
gross section 

Compression in 
components of 
columns, gross 
section 

Compression in 
beams. exLrcmc 
fiber, gross 
section 

TABLE 20-1-C-GENERAL FORMULAS FOR DETERMINING ALLOWABLE STRESSES 

SPEC. 
TYPE OF MEMBER OR COMPONENT NO. AllOWABLE STRESS (IISl) 

Any tension member: 1 F ryf"-r or F tuf<k,nu) 

Rectangular tubes, 

2 F r,-fny or F1uf<k,nu) structural shapes bent 
about strong axis 

1.17Fr,.f"-r or 1.24F1uf<k,nu) x 6890 for kN/m2 
Round or oval tubes 3 

1.30F r,.fny or 1.42F1u/(k,nu) 

Rectangular bars, plates, 4 
shapes bent about weak axts 

On rivets and bolts 5 F b/".r or 1.42F buf(1.2nu) 

On flat surfaces and pins and 6 F b_/(1.5ny) or F buj(i.Knu) on bolts in slotted holes 

ALLOWABLE ALLOWABLE STRESS, KSI 
SLENDERNESS LIMIT, $z AUOWABLE STRESS, KSI STRESS, KSI, SLENDERNESS LIMIT, S, SLENDERNESS BETWEEN SLENDERNESS~ $z SLENDERNESS S, AND $z <S, 

All columns nuFn 
.l (s,- D)') ~ = c, ;r2£ 

7 Fe)' Be - ken_~: 
"u (Ljr)2 kcny b. = 

nu r 
r D, 

Outstanding nuFcy 

;};; (sP - swp%) 
b Cp ;r2E flanges and legs 8 Fey 

b 
Bp - kcny 7 = TI nu(5.1bjr)2 kcny 7 = 5.1Dp 

Aat plates with 
fey 

nuFn 

;};; (sP - L6Dp%) 
b k!BP kzp;i both edges 9 

kcn.v b 
Bp - ken): T = L6Dp 

nu(l6bjt) 
suppnrted t = 16Dp 

Curved plates 

[ "•'oJ 
;r2£ 

supported on both 
Fcy R B, - kcny 

;};; (s,- o,ft) ~ = c, 
(R) ( fo/tr 

edges, walls of 
10 round or oval tubes 

kcn.v 7 = D
1 16nu 7 I + 35 

- - -

Single web beams 11 Fey Lb 1.2(8, Fey) 
I ( D,Lb) Lb ,ze 

bent about strong ny r;= De - B --- r,; = l.2Cc 
nu<LJ1.2ru)2 axis ny c 1.2ry 

(' _, )' Same as Round or oval 
2 

;};; (s,b- Drb~) 
Specification tobes 1.11Fcy ~ = (Brb- Ll7Fn) ~ = ny tb t 101 12 --ny 

t Dtb t !!J!D b- Dr ny t 

(Continued) 

~ 

CD 
CD 
~ 

c z 
:;; 
0 
:Jl 
:s::: 
ID 
c 
r= 
c z 
!;') 

0 
0 c 
m 

N 
9 
b 
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TABLE 20-1-C-GENERAL FORMULAS FOR DETERMINING ALLOWABLE STRESSE5-{Continued) 
ALLOWABLE ALLOWABLE STRESS, KSI 

TYPE OF STRESS TYPE OF MEMBER OR COMPONENT SPEC. STRESS, KSI, SLENDERNESS UMIT, $j SLENDERNESS IElWEEN SLENDERNESS UMIT, $z ALLOWABLE STRESS, KSI 
NO. SLENDERNESS SLENDERNESS 2 S. 

<$j $j AND S. 

Curved sections 1<2£ 

1.17Fcy 
2 

~ (s1 - vr/~) (R) ( /i0r 12 fi = ( B1 - 1.17Fc>) 4 = Cc ----ny I D1 16ny T 1 + 35 

Compression in 
beams, extreme Solid rectangular 

1.3F C)' !J.JFj. = Bb - 1.3Fcy 
I ( d JFi.) !l.JFj. = cb 

1<2£ fiber, gross beams 13 section (cont.) ---ny I d 2.3Db 
ny Bb- 23Dbl d I d 2.3 5.29ny(djl)2(L/)dl 

Rectangular tubes 
Fey 2 

I ( It-) LbSc = (Ccf 
1<2£ and box sections 14 LbSc = ec- Fey) ny fy 1.6Dc ny Be- 1.6Dc T 

fy 1.6 2.56ny(L~c/ly) 

Compression in Outstanding 
15 Fey b Bp- Fey 

.Jy(sp- s.wp~) b k1Bp k2N components of flanges ~=~ I= 51Dp beams ny ny(S.lb/t) 
(component under 
unifonn Flat plaleS with 

Fey b Bp- Fey b k1BP k2N compression), both edges 16 .Jy(sP- 1.6Dp~) gross section supported ny ~=~ I= 1.6Dp ny(S.lb/t) 

Flat plaleS with 1.3F cy Bb- 1.3F,-y 
.Jyh- 35Db~) h cb 1<2£ 

compressed edge 17 b I= 3.5 nu(3.5b/1)2 free tension ---ny ,= 3.5Db 
Compression in edge supported 
components of 

Aat plates with kiBb k2N beams 1.3F cv Bb- 1.3Fcy 
Jv(sb- 067Dh4) 

h 
(component under both edges 18 h 

I= 0.67Db 
bending in own supported ---ny r= 0.67Db ny(0.67h/l) 
plane), gross 
section Flat plates with 

Bb- 1.3Fcy k2N horizontal stiffener, 19 1.3Fcy h 
Jv(sb- o29Db4) 

h kiBh 
both edges ---ny t= 0.29Db I= 0.29Db ny(0.29h/1) supported 

Unstiffened 20 
Fsy h Bs- F.n 

.Jy(ss- 125Ds4) 
h Cs 1<2£ 

flat webs ny I= 125D, ~=m 
ny(l.25h/r)2 

Shear in webs, I ~'"~~ "'"~"" I s::ffo"od !1,! '.VO~" 
.. __ J;' __ 

I 21 
I 

FS). 

I 
Bs- :v·•.t 

I 
I ( "') 

I 
ae Cs ~1rLEG ny a, n;_; BJ- l.25Dst -;-=m 125a,/1)2 r= 1.25D5 

I For Jq/t values greater than S2, the allowable bending shall be determined from the formula for tubes in compression, Specification 10, using the formula that is appropriate 
for the particular value of Jq/t. Note that in this case, Rj,/t may be either less than or greater than the value of S2 for tubes in compression. 

N 

f 
0 

-:g 
~ 

c: z 
:;; 
0 
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j= 
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I. 

2. 

3. 

4. 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

TABLE 2D-I-D-FACTORS OF SAFETY FOR USE WITH ALUMINUM 
ALLOWABLE STRESS SPECIFICATIONS 

BUILDING AND SIMILAR TYPE 
STRUCTURES 

Tension members 
F.S. on tensile strength, nu 
F.S. on yield strength, fly 

Columns 
F.S. on buckling strength, nu 
F.S. on crippling strength of thin sections, nu 
F.S. on yield strength for short columns, ny 

Beams 
F.S. on tensile strength, nu 
F.S. on tensile yield strength, fly 
F.S. on compressive yield strength for short beams, ny 
F.S. on buckling strength, ny 
F.S. on crippling strength of thin sections, ny 
F.S. on shear buckling of webs, nu 
Connections 
F.S. on bearing strength 
F.S. on bearing yield strength, n,· 
F.S. on shear strength of rivets and bolts 
F.S. on shear strength of fillet welds 
F.S. on tensile strength of butt welds, nu 
F.S. on tensile yield strength of butt welds, ny 

TABLE 20-1-E-FORMULAS FOR BUCKLING CONSTANTS 
For All Products Whose Temper Designation begins with 

-0, -H, -T1, -T2, -T3 or -T4 
INTERCEPT (ksl) SLOPE (ksl) 

TYPE OF MEMBER 
x 6.89 for MPa AND STRESS 

Compression in columns 

[ (Fey) 

1

/

2

] 
D, = !!..£ (68,) 1/2 and beam flanges 

Be = F cy I + I()(Xl 20 E 

Compression in flat 
[ <Fcv>

1
/
3

] 
_BpcBp)l/2 plates Bp = Fey I + M Dp -20 E 

Compression in round 
[ (Fcv>l/

5
] 

1/3 
tubes under axial end Dr=~(~) 8 1 = Fey I + 5:8 
load 3.7 E 

Compressive bending 
[ (Fcv)

1
/
3

] 
1/2 

stress in solid rectangular BbcBb) 
bars 

Bb = l.3Fcy I +7 Db =20 £ 

Compressive bending 
[ <Fv>l/5] 

1/3 
stress in round tubes - Btb(B'b) 

8 1b = l.5Fy I + 5.8 D,b -n £ 

Shear stress in flat plates 
[ (Fsy)l/3] Ds = ~(68·') 1/2 

B5 =Fsy 1+6.2 20 E 

Crippling of flat plates in kl = 0.50 k2 = 2.!14 
compression or bending 

1.95 
1.65 

1.95 
1.95 
1.65 

1.95 
1.65 
1.65 
1.65 
1.65 
1.20 

1.2 X 1.95 = 2.34 
1.65 

1.2 X 1.95 = 2.34 
1.2 X 1.95 = 2.34 

1.95 
1.65 

INTERSECTION 

2Bc 
Cc = 3D, 

2Bp 
Cp = 3Dp 

c • t 

2Bb 
cb = 3Db 

( Btb- Brf c- ---
rh- D,b- D, 

28_,. 
C,'i =3D.,, 

*C, can be found from a plot of the curves of allowable stress based on elasllc and melasllc buckhng or by a tnal-and­
error solution. 
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TABLE 20-1-F-VALUES OF COEFFICIENTS kt and kc 

NONWELDED OR REGIONS FARTHER 

ALLOY AND TEMPER 
THAN 1.0 INCH (25.4 mm) REGIONS WITHIN 1 0 INCH (25.4 mm) 

FROM A WELD OF A WELD 

kt kc kt kc1 

2014-T6, -T651 1.25 1.12 - -
Ale lad 20 14-T6, -T651 1.25 1.12 - -
6061-T6, -T651 1.0 1.12 1.0 1.0 

6063-T5, -T6, -T83 1.0 1.12 1.0 1.0 
6351-T5 1.0 1.12 1.0 1.0 
All others listed in Division II 1.0 1.10 1.0 1.0 

IJf the weld yield strength exceeds 0.9 of the parent metal yield strength, the allowable compressi,re stress within 1.0 
inch (25.4 mm) of a weld should be taken equal to the allowable stress for non welded material. 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

TABLE 20·1-G-FORMULAS FOR BUCKLING CONSTANTS 
For all products whose temper designation begins with 

-TS, -T6, -T7, -TB or -T9 

INTERCEPT (ksl) SLOPE (ksl) 

TYPE OF MEMBER x 6.89 for MPa AND STRESS 

Compression in columns 

[ ( Fn·) 
1
/
2

] Bc(Bc)l/
2 

and beam flanges 
Be = F,-y I + 2250 Dc=w £ 

Compression in flat 
[ (Fevll/

3
] -~(~)1/2 plates Bp = Fc.v I + "11.4 Dp- 10 E 

Compression in round 
[ (Fevll/

5
] =~(~)1/3 tubes under axial end B1 = Fey I+-· 

load . 8.7 D, 4.5 E 

Compressive bending 
[ (F,,ll/3] 

1/2 
stress in solid rectangular Bb(6Bb) 
bars 

Bb = 1.3Fey I + - 7-· 0 b=w T 

Compressive bending 
[ (Fy)l/5] 

1/3 
stress in round tubes - Btbrtb) 

B1b = 1.5Fy I + V 0 tb-TI £ 

Shear stress in flat plates 
[ (Fsvll/3] =~(~)1/2 

Ds 10 E B,, = F,,y I + ""'9.3 

Crippling of flat plates in kl = 0.35 k2 = 2.27 
compression 

Crippling of flat plates in kl = 0.50 k2 = 2.04 
bending 

INTERSECTION 

Be 
Ce "" 041 De 

B,, 
Cp •=041-

Dp 

c • , 

2Bb 
cb = 3Db 

(B'h- B,f c- ---tb- v,h- v, 

B, 
c, "" 0.41--'-. Ds 

*C, can be found from a plot of the curves of allowable stress based on elastic and inelastic buckling or by a trial-and­
error solution. 
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2005-2009.2 

Division II-DESIGN STANDARD FOR ALUMINUM STRUCTURES 

Based on Specifications for Aluminum Structures of The Aluminum Association 
(December, 1986} 

SECTION 2005- SCOPE 

This standard covers design of aluminum alloy load-carrying members. 

SECTION 2006 - MATERIALS 

The principal materials to which this standard applies are aluminum alloys reg1stered with The Alu­
minum Association. Those frequently used for structural members are listed in Table 20-11-A. 
Applicable American Society for Testing and Materials (ASTM) specifications are designations 
B 209, B 210, B 211, B 221, B 241, B 247, B 308 and B 429. 

SECTION 2007 - DESIGN 

Design shall be in accordance with Division I and other applicable provisions of this code. 

Properties of section, such as cross-sectional area, moment of inertia, section modulus, radius of 
gyration, etc., shall be determined by accepted methods of engineering design. Computations of 
forces, moments, stresses and deflection shall be in accordance with accepted principles of elastic 
structural analyses. 

SECTION 2008 - ALLOWABLE STRESSES 

Allowable stresses shall be determined in accordance with the provisions of Division I. 

SECTION 2009 - SPECIAL DESIGN RULES 

2009.1 Combined Compression and Bending. A member subjected to axial compression and 
carrying a bending moment due to lateral or eccentric loads shall be proportioned in accordance 
with the following formulas: 

1. Bending moment at center equal to or greater than 0.9 of maximum bending moment in span: 

fa + Jb :5 1 
Fa Fb(l - fa/F,c) 

2. Bending moment at center equal to or less than 0.5 of maximum bending moment in span: 

fa + fh < 1 
Fa Fb-

3. Bending moment at center between 0.5 and 0.9 maximum bending moment in span: 

fa + Jb :5 1 
Fa F [ 1 _ (2Mc _ 1)1E....] 

b Mm Ft'c 

WHERE: 
Me = bending moment at center of span. 

Mm = maximum bending moment in span. 

2009.2 Torsion and Shear in Thbes. Allowable shear stresses in round or oval tubes due to tor­
sion or transverse shear loads shall be determined from Specification 20 in Table 20-1-C with the 
ratio hit replaced by an equivalent hit given by the following: 

2-281 



CHAP. 20, DIV. II 
2009.2-2009.6 1994 UNIFORM BUILDING CODE 

5
;

8 (L) t/4 
Equivalent q = 2.9(~) R 

WHERE: 
4 = length of tube between circumferential stiffeners, inches (mm). Equivalent (hit) =value to 

be substituted for hit in Specification 20 in Table 20-1-C. 

2009.3 Combined Shear, Compression and Bending. Allowable combinations of shear, com­
pression and bending, as in the web of a beam column or the wall of a tube, shall be determined from 
the following formula: 

2009.4 Stiffeners for Outstanding Flanges. Outstanding flanges stiffened by lips or bulbs at the 
free edge shall be considered as supported on both edges if the radius of gyration cf the lip or bulb 
meets the following requirement: 

rL = !!. 
5 

For simple rectangular lips having the same thickness as the flange, as in the case of formed sheet 
construction, the preceding requirement can be expressed as: 

WHERE: 
bL = b/3 

bL = clear width of lip, inches (mm). 

Allowable stresses for flanges with lips or bulbs meeting the foregoing requirements shall be de­
termined from Specifications IS and 16 in Table 20-1-C. The area of stiffening lips or bulbs may be 
included with the area of the rest of the section in calculating the stresses caused by the loads. 

2009.5 Horizontal Stiffeners for Shear Webs. If a horizontal stiffener is used on a beam web, it 
shall be located so that the distance from the toe of the compression flange to the centroid of the 
stiffener is 0.4 of the distance from the toe of the compression flange to the toe of the tension flange. 
The horizontal stiffener shall have a moment of inertia about the web of the beam not less than that 
given by the expression: 

For SI: x 416 231 for mm4 

WHERE: 
Ah gross area of cross section of horizontal stiffener, inches2. 

a = I, for stiffener consisting of equal members on both sides of the web. 

a = 3.5, for stiffener consisting of member on only one side of web. 

For stiffener consisting of equal members on both sides of the web, the moment o: inertia, /h, shall 
be the sum of the moments of inertia about the center line of the web. For a stiffener consisting of a 
member on one side only, the moment of inertia shall be taken about the face of the web in contact 
with the stiffener. 

2009.6 Vertical Stiffeners for Shear Webs. Stiffeners applied to beam webs to resist shear buck­
ling shall have a moment of inertia not less than the value given by the following expressions: 

2-282 



1994 UNIFORM BUILDING CODE 

s :5 h 

For SI: x 416 231 for mm4 

s 
~ 

h 

For SI: x 416 231 for mm4 

0.4, f., 

0.4, fs 

n. Vh
2 

( s) 
22,400 h 

na Vh
2 (h) 

140,000 s 

CHAP. 20, DIV. II 
2009.6-2009.7.1 

When a stiffener is composed of a pair of members, one on each side of the web, the stiffener 
spacing, s, shall be the clear distance between the pairs of stiffeners. When a ~.tiffener is composed 
of a member on one side only of the web, the stiffener spacing, s, shall be the distance between rivet 
lines or other connecting lines. 

For a stiffener composed of members of equal size on each side of the web, :he moment of inertia 
of the stiffener shall be computed about the center line of the web. For a stiffener composed of a 
member on one side only of the web, the moment of inertia of the stiffener shall be computed about 
the face of the web in contact with the stiffener. 

In the determination of the required moment of inertia of stiffeners, the distance, h, shall always 
be taken as the full clear height of the web regardless of whether or not a horizontal stiffener is pres­
ent. 

Stiffeners shall extend from flange to flange but need not be connected to either flange. 

Unless the outer edge of a stiffener is continuously stiffened, its thickness shall not be less than 
one twelfth the clear width of the outstanding leg. 

Vertical stiffeners shall, where possible, be placed in pairs at end bearings and at points of support 
of concentrated loads. They shall be connected to the web by enough rivets, or other means, to trans­
mit the load. Such stiffeners shall be fitted to form a tight and uniform bearing against the loaded 
flanges unless welds, designed to transmit the full reaction or load, are provided between flange and 
stiffener. 

Only that part of a stiffener cross section which lies outside the fillet of the flange angle shall be 
considered as effective in bearing. Bearing stiffeners shall not be joggled. 

The moment of inertia of the bearing stiffener shall not be less than that given by the following 
expression: 

For SI: x 416 231 for mm4 

WHERE: 
lb = required moment of inertia of bearing stiffener, inches4 (mm4). 

2009.7 Special Provisions for Thin Sections. 

2009.7.1 Appearance of buckling. For very thin sections the allowable compressive stresses 
given in Specifications 9, 15, 16, 18 and 19 of Table 20-I-C may result in visible local buckling, 
even though an adequate margin of safety is provided against ultimate failure. In applications where 
any appearance of buckling must be avoided, the allowable stresses for thin sections shall not ex­
ceed the value of Fab given by the following formulas: 
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SPECIFICATION 

9, 16 

15 

18 

19 

1994 UNIFORM BUILDING CODE 

ALLOWABLE STRESS, Fill> ksl (MPa) 

F - n2£ 
ab - n

0
(1.6b/t) 2 

F - n2£ 
ab - n

0
(5.1b/t) 2 

n0 (0.29h/t) 2 

2009.7.2 Weighted average allowable compressive stress. The cross section of a compression 
member may be composed of several thin elements, for which allowable stresses ar~ determined by 
Specification 8, 9 or 10 of Table 20-1-C. The allowable compressive stress for the se:tion as a whole 
may be considered to be the weighted average allowable stress for the individual dements, where 
the allowable stress for each element is weighted in accordance with the ratio of the area of the ele­
ment to the total area of the section. The allowable compressive stress for the section as a whole 
used as a column must not exceed that given by Specification 7 of Table 20-1-C. 

Weighted average allowable compressive stresses for beam flanges may be calculated in the 
same way, where the allowable stresses for individual elements are determined from Specifications 
15 through 19 of Table 20-1-C. The beam flange may be considered to consist of tlte flange proper 
plus one sixth of the area of the web or webs. 

2009.7.3 Trapezoidal-formed sheet beams. The weighted average allowable compressive 
stress for a trapezoidal-formed sheet beam, calculated according to paragraph 2, is: 

1+f,; 
WHERE: 

Fba = weighted average allowable compressive stress for beam flange, ksi (MPa). 

Fbf = allowable stress for flange proper based on Specification 16 of Table 20-1-C. 

Fbh = allowable stress for webs based on Specification 18 or 19 of Table 20-I··C. 

The foregoing formula may also be applied to the allowable tensile stress in trapezoidal-formed 
sheet beams, if the designer wishes to take full advantage of the strength of the section. In this case, 
Fba is the weighted average allowable tensile stress, Fbf is determined from Specification 2 in Table 
20-1-C, and Fbh is given by Specification 4 in Table 20-1-C. 

In regions of negative bending moment (for example, at interior supports of multiple-span 
beams) the allowable tensile stress on the tension flange of a formed sheet beam shall not exceed the 
compressive stress that would be allowed on the same flange if it were in compression. 

2009.7.4 Effect of local buckling on column strength. An additional limitation must be placed 
on the allowable stress for very thin-walled columns whose cross section is a rectangular tube or a 
formed sheet shape such that the flanges consist of flat elements supported on both edges. If the bit 
for the flange of such a column is less than the value of S2 in Specification 9 of Table 20-1-C, or less 
than 0.6 of the maximum slenderness ratio (Ur) for the column, no additional reduction in allow­
able stress is necessary. However, if the maximum bit for the flange is greater than the value of S2 
from Specification 9 of Table 20-1-C, and also greater than 0.6 of the maximum slenderness ratio for 
the column, the allowable column stress shall not exceed the value given by 

F = ;r2£ 
rc nu (L/ r)2/3 ( l.6b / t)413 
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Frc = reduced allowable stress on column, ksi. 
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The allowable stress shall also not exceed the value given by Specificatio11 9 of Table 20-1-C. 

2009.7.5 Effect of local buckling on beam strength. The allowable compressive bending stress 
for single web beams whose flanges consist of thin, flat elements supported on one edge shall also 
be reduced in the case where the value of bit for the flange is greater than the value of s2 from Speci­
fication 15 of Table 20-1-C, and also greater than 0.16 (4/ry). In this case, the allowable beam stress 
shall not exceed · 

F - ;;r2£ 
rb - nu (Lb/1.2ry)2/3 (5.1b/t)4/3 

WHERE: 
Frh = reduced allowable compressive bending stress in beam flange, ksi. 

41ry = slenderness ratio for beam. 

2009.7.6 Effective width for calculation of deflection of thin gage sections. As noted in para­
graph 1, the allowable compressive stresses given in Specifications 9, 15, Hi, 18 and 19 of Table 
20-1-C may result in some local buckling at design loads for very thin sectiom. even though an ade­
quate margin of safety is provided against ultimate failure. This local buckling may result in in­
creased deflections for sections containing thin elements with bit value exceeding 1.65 S2, where 
the value of S2 is obtained for the element in question from Specifications 9, 15, 16, 18 and 19 of 
Table 20-1-C. 

Where deflection at design loads is critical, the effective width concept may be used to determine 
an effective section to be used in deflection calculations. The effective width, be, of a thin element 
subjected to direct compression stresses is: 

If fa :5 n. Fab. b, = b 

WHERE: 
be = effective width of flat plate element to be used in deflection calculations, inches (mm). 

Fah = allowable stress for element from Subsection (g), ksi (MPa). 

The same expression may be used to calculate the effective width on the compression side of a 
web in bending, with the compressive bending stress due to the applied Joads,.fb, replacing fa· 

2009.7.7 Web crippling. For structural formed sheet roofing and siding, allowable interior 
reactions and concentrated loads for flat webs shall not exceed 

Fcv dt
2 

( N) Pc = 600--w--- 6 + 0.04T 

and Pc 
3 

1,500Ed(N + w) (-&,) forT > cp 

in which cp 
2.5£ (% + 1) 
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Allowable end reactions shall not exceed 

F dt2 ( N) 
Pc 600~ 3 + 0.04( 

3 

and P,. = 1, 500 Ed (N + ~) (~) for !f > CP 

in which cp 
1.25£ (~ + 1) 

Fey (3 + 0.04 ~) [ 1.1 - 0.1 (~)A] 

WHERE: 
d 

Fey 

N 

Pc 
r 

= 

= 

depth (vertical projection), inches (mm). 

minimum compressive yield strength of sheet, in kips per square inch (MPa). 
length of bearing at reaction or concentrated load, inches (mm). 

allowable reaction or concentrated load per web, pounds (N). 
bend radius at juncture of flange and web of trapezoidal section, measured to inside 
surface of bend, inches (mm). 

= sheet thickness, inches (mm). 

w slope width of web (shear element spanning between flats) of trapezoidal section, inches 
(mm). 

8 angle between plane of web of trapezoidal section and plane of bearing mrface (8 ~ 90), 
degrees. 

2009.8 Fatigue. For up to 100,000 repetitions of maximum live load, if non welded, and 20,000 
repetitions of maximum live load if welded, allowable stresses shall be determined in accordance 
with Table 20-1-C and Section 2010.1 provided that the structural members are free of re-entrant 
comers and other unusual stress raisers. For repetitions of loads in excess of these values, allowable 
stresses shall be determined by a special analysis. 

2009.9 Compression in Single-web Beams. The formulas of Specification II of Table 20-1-C for 
single-web beams and girders, are based on an approximation in which the term Lblrv replaces a 
more complicated expression involving several different properties of the beam cross section. Be­
cause of this approximation, the formulas give very conservative results for ce1tain conditions, 
namely for values of 4/rv exceeding about 50; for load distributions such that the bending moment 
near the center of the beain is appreciably less than the maximum bending moment m the beam; and 
for beams with transverse loads applied to the bottom flange. If the designer wi!;hes to compute 
more precise values of allowable compressive stress for these cases, the value of ry in Specification 
11 of Table 20-1-C may be replaced by an "effective ry" given by one of the following formulas: 

Beam spans subjected to end moment only or to transverse loads applied at the neutral axis of the 
beam: 

Effective ry J (Lb)
2 

1 + 0.152 T; d 

For SI: x 25.4 for mm 
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Beams subjected to transverse loads applied on the top or bottom flange (where the load is free to 
move laterally with the beam if the beam should buckle): 

Effective ry = 

~ 
1.7 

If} [ sc ± o.s + 

For SI: x 25.4 for mm 

The plus sign in front of the term "0.5'' applies if the load is on the bottom flange, the minus sign if 
the load is on the top flange. 

Effective rv = value to be substituted for ry in Specification 11 of Table 20-I-C. 
The terms appearing in the above formulas are defined in this code. 

Values of the coefficient, kb, follow: 

BEAMS RESTRAINED AGAINST LATERAL VALUE OF 
DISPLACEMENT AT BOTH ENDS OF SPAN COEFFICIENT k, 

Uniform bending moment, uniform transverse load, or two equal 
concentrated loads equidistant from the center of the span . . . . . . . . . . . . . . . . . . . 1.00 

Bending moment varying uniformly from a value of Mt at one end to Mz at the other end 
M 11M2 = 0.5 ..................................................... . 
M1/Mz= 0....................................................... 1.14 
M 1!Mz =- 0.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.33 
M 11M2 =- 1.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.53 

Concentrated load at center of span . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.60 
1.16 

CANTILEVER BEAMS 

Concentrated load at end of span . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.13 
Uniform transverse load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.43 

2009.10 Compression in Elastically Supported Flanges. Allowable compressive stresses in 
elastically supported flanges, such as the compression flange of a standing seam roof or of a hat­
shaped beam loaded with the two flanges in compression, shall be determined from Specification 
No. 11 with the following effective value of 4/ry substituted in the formula~ for allowable stress. 

WHERE: 

Effective ~b = 2.7 
.Y 

~ = spring constant [transverse force in kips applied to a l-inch (25.4 mn) length of the mem­
ber at the compression flange to cause a l-inch (25.4 mm) deflection of the flange], ksi 
(MPa). 

SECTION 2010 - MECHANICAL CONNECTIONS 

2010.1 Riveted and Bolted Connections. Aluminum alloys used for rivf:ts and bolts shall be 
those listed in Table 20-I-A. Nuts for 1/4-inch (6.4 mm) bolts and smaller shall be 2024-T4. Nuts for 
larger diameter bolts shall be alloy 6061-T6 or 6262-T9. Flat washers shall be Alclad 2024-T4. 
Spring lock washers shall be alloy 7075-T6. For improved corrosion resistance, a 0.0002-inch 
(0.005 mm) minimum thickness anodic coating may be applied to alloy 202.4 bolts. 

2010.1.1 Allowable loads. The allowable loads on rivets and bolts shall be calculated using the 
allowable bearing stresses in Table 20-I-C and the allowable shear stresses in Table 20-I-A. The 
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allowable bearing stress depends on the ratio of edge distance to rivet or bolt diameter where the 
edge distance is the distance from the center of the rivet or bolt to the edge of the load-carrying 
member toward which the pressure of the rivet or bolt is directed. 

Allowable bearing stresses on bolts apply to either threaded or unthreaded surfaces. 

2010.1.2 Effective diameter. The effective diameter of rivets shall be taken as the hole diame­
ter, but shall not exceed the nominal diameter of the rivet by 4 percent for cold driven rivets and 7 
percent for hot driven rivets. The effective diameter of bolts shall be taken as the nominal diame­
ter of the bolt. 

2010.1.3 Shear area. The effective area of a rivet or bolt in any shear plane shall be based on the 
effective diameter except that for bolts with threads included in the shear plane, the effective 
shear area shall be based on the root diameter. 

2010.1.4 Bearing area. The effective bearing area of rivets or bolts shall be the effective diam­
eter multiplied by the length in bearing except that for countersunk rivets, half of the depth of the 
countersink shall be deducted from the length. 

2010.1.5 Arrangements and strength of connections. Insofar as possible, connections shall 
be arranged so that the center of resistance of the connection shall coincide with the resultant line 
of action of the load. Where eccentricity exists, members and connections shall be proportioned 
to take into account any eccentricity of loading at the connections. 

2010.1.6 Net section. The net section of a riveted or bolted tension member shall be determined 
as the sum of the net sections of its component parts. The net section of a part is the product of the 
thickness of the part multiplied by its least net width. The net width for a chain of holes extending 
across the part in any straight or broken line shall be obtained by deducting from the gross width 
the sum of the diameters of all the holes in the chain and adding s2!4g for each gage space in the 
chain. In the correction quantity s2!4g, s denotes spacing parallel to the direction of the load 
(pitch) of any two successive holes in the chain, in inches, and g refers to gage, the spacing per­
pendicular to the direction of the load of the same holes, in inches (mm). 

The net section of the part shall be obtained from that chain which gives the lea:;t net width. The 
hole diameter to be deducted shall be the actual hole diameter for drilled or reamed holes and the 
hole diameter plus 1/32 inch (0.794 mm) for punched holes. 

For angles, the gross width shall be the sum of the widths of the legs less the thickness. The 
gage for holes in opposite legs shall be the sum of the gages from the back of the angles less the 
thickness. 

For splice members, the thickness shall be only that part of the thickness of the member that has 
been developed by rivets or bolts, beyond the section considered. 

2010.1.7 Effective sections of angles. If a discontinuous angle (single or paired) in tension is 
connected to one side of a gusset plate, the effective net section shall be the n~t section of the 
connected leg plus one third of the section of the outstanding leg unless the outstanding leg is 
connected by a lug angle. In the latter case, the effective net section shall be the t::ntire net section 
of the angle. The lug angle shall be designed to develop at least one half the total load in the mem­
ber and shall be connected to the main member by at least two fasteners. 

For double angles placed back to back and connected to both sides of a gusset plate, the effec­
tive net section shall be the net section of the connected legs plus two thirds of the section of the 
outstanding legs. 

For intermediate joints of continuous angles, the effective net area shall be th'~ gross sectional 
area less deductions for holes. 

2010.1.8 Grip of rivets and bolts. If the grip (total thickness of metal being fa.stened) of rivets 
or bolts carrying calculated stress exceeds four and one-half times the diameter, the allowable 
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load per rivet or bolt shall be reduced. The reduced allowable load shall be the normal allowable 
load divided by [1/2 + G/ (9 D)] in which G is the grip and Dis the nominal diameter of the rivet or 
bolt. If the grip of the rivet exceeds six times the diameter, special care shall be taken to insure that 
holes will be filled completely. 

2010.1.9 Spacing of rivets and bolts. Minimum distance of rivet centen> shall be three times 
the nominal rivet diameter; minimum distance of bolt centers shall be two a~d one-half times the 
nominal bolt diameter. In built-up compression members, the pitch in the direction of stress shall 
be such that the allowable stress on the individual outside sheets and shapes treated as columns 
having a length equal to the rivet or bolt pitch exceeds the calculated stress. The gage at right 
angles to the direction of stress shall be such that the allowable stress in the outside sheets, calcu­
lated from Specification 9 of Table 20-I-C exceeds the calculated stress. In this case the width, b, 
may be taken as 0.8s where s is the gage in inches (mm). 

2010.1.10 Stitch rivets and bolts. Where two or more web plates are in contact, there shall be 
stitch rivets or bolts to make them act in unison. In compression members, the pitch and gage of 
such rivets or bolts shall be determined as outlined in paragraph 9. In tension members, the maxi­
mum pitch or gage of such rivets or bolts shall not exceed a distance, in inches, equal to (3 + 20t) 
in which tis the thickness of the outside plates, in inches (mm). 

2010.1.11 Edge distance of rivets or bolts. The distance from the center of rivet or bolt under 
computed stress to the edge of the sheet or shape toward which the pressure is directed shall be 
twice the nominal diameter of the rivet or bolt. When a shorter edge distance is used, the 
allowable bearing stress as determined by Table 20-I-C shall be reduced by the ratio: actual edge 
distance/twice rivet or bolt diameter. The edge distance shall not be less thar 1.5 times the rivet or 
bolt diameter to sheared, sawed, rolled or planed edges. 

2010.1.12 Blind rivets. Blind rivets may be used only when the grip lengths and rivethole 
tolerances are as recommended by the respective manufacturers. 

2010.1.13 Hollow-end rivets. If hollow-end rivets with solid cross sectio:1s for a portion of the 
length are used, the strength of these rivets may be taken equal to the strength of solid rivets of the 
same material, provided that the bottom of the cavity is at least 25 percent of the rivet diameter 
from the plane of shear as measured toward the hollow end; and, further, provided that they are 
used in locations where they will not be subjected to appreciable tensile stresses. 

2010.1.14 Lock bolts. Lock bolts may be used when installed in conformance with the lock 
bolt manufacturer's recommended practices and provided the body diameter and bearing areas 
under the head and nut, or their equivalent, are not less than those of a conventional nut and bolt. 

2010.2 Thread Forming (Tapping) Screws and Metal Stitching Staples. If joints carrying cal­
culated loads are to be made with thread-forming screws or metal stitches, allowable strength val­
ues for these connections shall be established on the basis of specific acceptable tests. 

2010.3 Fasteners for Structural Formed Sheet Roofing and Siding. 

2010.3.1 General. Fasteners shall have tensile and tensile anchorage strengths in resisting back 
loads, or uplift, in excess of the strength of the connection between fastener and sheet. 

2010.3.2 Allowable loads for fasteners. The allowable tensile load per fastener shall be: 

P1 = (1/2.2) x (minimum strength of connection between fastener and sheet). 

2010.3.3 Allowable loads for specific fasteners. The allowable loads for the specific fasteners 
listed, expressed in pounds (N), shall be used unless other allowable loads can be justified. Allow­
able loads for fasteners not listed shall be based on the results of tests and shall comply with the 
provisions of Sections 2010.3.1 and 2010.3.2 above. 

I. No. 14 stainless steel alloy self-tapping screws, hex head, cadmium plated, with composite 
aluminum-neoprene washer, the aluminum portion of which has minimum dimensions of 
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0.050-inch (1.27 mm) thickness and Sfs-inch (16 mm) OD, or with a stainless steel ~eoprene wash­
er, the stainless steel fortion of which has minimum dimensions of 0.038-inch (0.965 mm) (No. 20 
gage) thickness and /g-inch (16 mm) OD. In crowns, 

For SI: X 4.45 for N 

and in valleys, 

For Sl: x 4.45 for N 

P1 = 140t Fry 

P1 = l10t Fry 

For steel supporting members, screw holes should be made with a No. 8 drill for No. 14-gage 
through No. 11-gage material, a No.4 drill for No. 10-gage up to 3/16 inch (4.76 mm) and a No. I 
drill for 3/16 inch (4.76 mm) and thicker. 

2. Stainless steel alloy welded studs, 5/16-inch-diameter (7.9 mm) base, 3/16-inch-diameter (4.76 
mm) serrated top, with field-installed swaged aluminum cap of 1/2-inch (13 mm) diameter, 

For SI: 
P1 = 230 

P1 = 1023 N 

SECTION 2011 -FABRICATION 

2011.1 Laying Out. Hole centers may be center punched and cutoff lines rna) be punched or 
scribed. Center punching and scribing shall not be used where such marks would remain on fabri­
cated material. 

A temperature correction shall be applied where necessary in the layout of critical dimensions. 
The coefficient of expansion shall be taken as 0.000013 per degree Fahrenheit (0.0000072 per 0 C.). 

2011.2 Cutting. Material may be sheared, sawed, cut with a router or arc cut. All edges which 
have been cut by the arc process shall be planed to remove edge cracks. 

Cut edges shall be true, smooth and free from excessive burrs or ragged break!:. 

Re-entrant cuts shall be avoided wherever possible. If used, they shall be filleted by drilling prior 
to cutting. 

Oxygen cutting of aluminum alloys shall not be permitted. 

2011.3 Heating. Structural material shall not be heated. 

EXCEPTION: Material may be heated to a temperature not exceeding 400°F. (204°C.) for a period not 
exceeding 30 minutes in order to facilitate bending. Such heating shall be done only when proper temperature 
controls and supervision are provided to insure that the limitations on temperature and time are carefully ob­
served. 

2011.4 Punching, Drilling and Reaming. The following rules for punching, drilling and 
reaming shall be observed: 

I. Rivet or bolt holes may be either punched or drilled. Punching shall not be used if the metal 
thickness is greater than the diameter of the hole. The amount by which the diameter of a 
sub-punched hole is less than that of the finished hole shall be at least one fourth the thickness of the 
piece and in no case less than 1132 inch (0.8 mm). 

2. The finished diameter of holes for cold-driven rivets shall not be more than 4 percent greater 
than the nominal diameter of the rivet. 

3. The finished diameter of holes for hot-driven rivets shall not be more than I' percent greater 
than the nominal diameter of the rivet. 
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4. The finished diameter of holes for bolts shall not be more than 1/16 inch (1.6 mm) larger than 
the nominal bolt diameter. 

5. If any holes must be enlarged to admit the rivets or bolts, they shall be reamed. Poor matching 
of holes shall be cause for rejection. Holes shall not be drifted in such a manner as to distort the 
metal. All chips lodged between contacting surfaces shall be removed befor'~ assembly. 

2011.5 Riveting. 

2011.5.1 Driven head. The driven head of aluminum alloy rivets shall be of the flat or the 
cone-point type with dimensions as follows: 

I. Flat heads shall have a diameter not less than I.4 times the nominal rivet diameter and a height 
not less than 0.4 times the nominal rivet diameter. 

2. Cone-point heads shall have a diameter not less than I.4 times the nominal rivet diameter and a 
height to the apex of the cone not less than 0.65 times the nominal rivet diameter. The included angle 
at the apex of the cone shall be approximately I27 degrees. 

2011.5.2 Hole filling. Rivets shall fill holes completely. Rivet heads shall be concentric with the 
rivet holes and shall be in proper contact with the surface of the metal. 

2011.5.3 Defective rivets. Defective rivets shall be removed by drilling. 

2011.6 Painting. 

2011.6.1 General. Structures of the alloys covered by these standards are not ordinarily painted 
(with the exception of 20I4-T6 when exposed to corrosive environments). Surfaces shall be painted 
where: 

I. The aluminum alloy parts are in contact with, or are fastened to, steel members or other 
dissimilar materials. 

2. The structures are to be exposed to extremely corrosive conditions, or for reason of 
appearance. Painting procedure is covered in the following paragraphs and methods of cleaning and 
preparation are found in Section 20II.7. (Treatment and painting of the structure in accordance 
with United States Military Specification MIL-T-704 is also acceptable.) 

2011.6.2 Contact with dissimilar materials. Where the aluminum alloy parts are in contact with, 
or are fastened to, steel members or other dissimilar materials, the aluminum shall be kept from 
direct contact with the steel or other dissimilar material by painting as follows: 

I. Aluminum surfaces to be placed in contact with steel shall be given one coat of zinc chromate 
primer in accordance with Federal Specification TT-P-645 or the equivalent, or one coat of a 
suitable nonhardening joint compound capable of excluding moisture from the joint during 
prolonged service. Where severe corrosion conditions are expected, additional protection can be 
obtained by applying the joint compound in addition to the zinc chromate primer. Zinc chromate 
paint shall be allowed to dry hard (air dry 24 hours) before assembly of the parts. The steel surfaces 
to be placed in contact with aluminum shall be painted with good quality prim.ng paint, such as zinc 
chromate primer in accordance with Federal Specification TT-P-645, followed by one coat of paint 
consisting of 2 pounds of aluminum paste pigment (ASTM Specification D 96266, Type 2, Class B) 
per gallon (0.24 kg/L) of varnish meeting Federal Specification TT-V-8Id, Type II, or the equiva­
lent. Stainless steel, or aluminized, hot-dip galvanized or electrogalvanized steel placed in contact 
with aluminum need not be painted. 

2. When aluminum is in direct contact with wood, fiberboard or other porous material that may 
absorb water, an insulating barrier shall be installed between the aluminum and the porous material. 
Such aluminum surfaces shall be given a heavy coat of alkali-resistant bituminous paint or other 
coating providing equivalent protection before installation. Aluminum in contact with concrete or 
masonry shall be similarly protected in cases where moisture is present and corrodents can be 
entrapped between the surfaces. 
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3. Aluminum surfaces to be embedded in concrete ordinarily need not be painted, unless 
corrosive components are added to the concrete or unless the concrete is subjected for extended 
periods to extremely corrosive conditions. In such cases, aluminum surfaces shall be given one coat 
of suitable quality paint, such as zinc chromate primer conforming to Federal Specification 
Tf-P-645 or equivalent, or shall be wrapped with a suitable plastic tape applied in sllch a manner as 
to provide adequate protection at the overlap. 

4. Water that comes in contact with aluminum after first running over a heavy metal such as 
copper may contain trace quantities of the dissimilar metal or its corrosion product, which will 
cause corrosion of the aluminum. Protection shall be obtained by painting or plastic coating the 
dissimilar metal or by designing the structure so that the drainage from the dis:;imilar metal is 
diverted away from the aluminum. 

2011.6.3 Overall painting. Structures of the alloys covered by this standard are either not 
ordinarily painted for surface protection (with the exception of2014-T6 when exposed to corrosive 
environments) or are made of prepainted aluminum components. There may be applications where 
the structures are to be exposed to extremely corrosive conditions. In these cases overall painting 
shall be specified. 

2011.7 Cleaning and Treatment of Metal Surfaces. Prior to field painting of structures, all 
surfaces to be painted shall be cleaned immediately before painting by a method that will remove all 
dirt, oil, grease, chips and other foreign substances. 

Exposed metal surfaces shall be cleaned with a suitable chemical cleaner such as a solution of 
phosphoric acid and organic solvents meeting United States Military Specification MIL-M-10578. 
If the metal is more than 1/s inch (3.2 mm) thick, sandblasting may be used. 

SECTION 2012 -WELDED CONSTRUCTION 

2012.1 Filler Wire. Verification shall be provided to show that the choice of filler metal for gener­
al purpose welding is appropriate. 

2012.2 Columns and Single-web Beams with Welds at Locations Other 1han Ends and 
Cantilever Columns and Single-web Beams. The allowable stresses determined in accordance 
with the provisions of Division I apply to members supported at both ends with welds at the ends 
only (not farther from the supports than 0.05 L from the ends). 

For columns with transverse welds at locations other than the supports, cantilever columns with 
transverse welds at or near the supported end and columns with longitudinal welds having Aw equal 
to or greater than 15 percent of A, the effect of welding on column strength shall be taken into ac­
count by using an increased slenderness ratio, Lwlr, in the column formula, as follows: 

For SI: 

For SI: 
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ALLOY AND 
TEMPER 

IIOO-Hl2 
-Hl4 

2014-T6 
-T651 
-T6, 
-T65101 

-T6, 
-T651 

AI clad 
2014-T6 

-T6 
-T651 

3003-HI2 
-HI4 
-HI6 
-HIS 

3003-HI2 
-Hl4 
-Hl6 
-HIS 

AI clad 
3003-Hl2 

-HI4 
-Hl6 
-HIS 

AI clad 
3003 H!~ 

-HIS 

3004-H32 
-H34 
-H36 

TABLE 20-11-A-MINIMUM MECHANICAL PROPERTIES FOR ALUMINUM ALLOYS 
Values Are Given in Units of ksi (1,000 lbJin2) 

COMPRES-
TENSION SION SHEAR 

THICKNESS 
RANGE1 fiu2 ~2 

'~ ~y ~ ~ (Inch) ksl 

PRODUCT1 x25.4formm x 6.89 for MPa 

Sheet, plate All 14 II 10 9 6.5 28 
Rolled rod and bar All 16 14 13 10 8 32 
Drawn tube 

Sheet 0.040-0.249 66 58 59 40 33 125 
Plate 0.250-2.000 67 59 58 40 34 127 

Extrusions All 60 53 55 35 31 114 
Rolled rod and bar 
Drawn tube All 65 55 53 38 32 124 

Sheet 0.020-0.039 63 55 56 38 32 120 
Sheet 0.040-0.249 64 57 58 39 33 122 
Plate 0.250-0.499 64 57 56 39 33 122 

Sheet and plate 0.017-2.000 17 12 10 II 7 34 
Sheet and plate 0.009-1.000 20 17 14 12 10 40 
Sheet 0.006-0.162 24 21 18 14 12 46 
Sheet 0.006-0.128 27 24 20 15 14 49 

Drawn tube All 17 12 II II 7 34 
Drawn tube All 20 17 16 12 10 40 
Drawn tube All 24 21 19 14 12 46 
Drawn tube All 27 24 21 15 14 49 

Sheet and plate 0.017-2.000 16 II 9 10 6.5 32 
Sheet and plate 0.009-1.000 19 16 13 12 9 38 
Sheet 0.006-0.162 23 20 17 14 12 44 
Sheet 0.006-0.128 26 23 19 15 13 47 

D:-~'.'.'!'! t!!be 0.0!0-0.500 !9 !6 !5 !2 () 38 
Drawn Tube 0.0 I 0-0.500 26 23 20 15 13 47 

Sheet and plate 0.017-2.000 28 21 18 17 12 56 
Sheet and plate 0.009-1.000 32 25 22 19 14 64 
Sheet 0.006-0.162 35 28 25 20 16 70 

BEARING 

~ 

18 
21 

93 
94 

85 

88 

88 
91 
91 

19 
25 
31 
34 

19 
25 
31 
34 

18 
24 
30 
32 

24 
32 

36 
40 
45 

COMPRESSIVE 
MODULUS OF 
ELASTICITY3 

E 
ksl 

10,100 
10,100 

10,900 
I 0,900 

I 0,900 

10,900 

10,800 
10,800 
10,800 

10,100 
10,100 
10,100 
I 0,100 

I 0,100 
10,100 
I 0,100 
10,100 

I 0,100 
10,100 
10,100 
10,100 
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10,100 
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3004-H34 
-H36 

A! clad 
3004-H32 

-H34 
-H36 
-Hl4 
-Hl6 
-Hl6 
-Hl31, 
-H241, 
-H341 
-HI 51, 
-H261, 
-H361 

3005-H25 

3006-H391 

3105-H25 

5005-Hl2 
-Hl4 
-Hl6 
-H32 
-H34 
-H36 

5050-H32 
-H34 

-H32 

-H34 

5052-H32 
-H34 

-H36 

5083-Hlll 
-Hill 
-H321 
-H323 
-H343 
-H321 

Drawn tube 
Drawn tube 

Sheet 
Sheet 
Sheet 
Sheet 
Sheet 
Sheet 

Sheet 

Sheet 

Sheet 

Sheet 

Sheet 

Sheet and plate 
Sheet and plate 
Sheet 
Sheet and plate 
Sheet and plate 
Sheet 

Sheet 
Sheet 

Rolled rod and bar 
Drawn tube 
Rolled rod and bar 
Drawn tube 

Sheet and plate 
Rolled rod and bar 
Draw!1 !u~ 
Sheet 

Extrusions 
Extrusions 
Sheet and plate 
Sheet 
Sheet 
Plate 

0.018-0.450 32 25 24 
0.018-0.450 35 28 27 

0.017-0.249 27 20 17 
0.009-0.249 31 24 21 
0.006-0.162 34 27 24 
0.009-0.249 32 26 22 
0.006-0.050 35 30 28 
0.051-0.162 35 30 26 

0.024-0.050 31 26 22 

0.024-0.050 34 30 28 

0.013-0.050 26 22 20 

0.010-0.050 31 27 27 

0.013-0.080 23 19 17 

0.018-2.000 18 14 13 
0.009-1.000 21 17 15 
0.006-0.162 24 20 18 
0.017-2.000 17 12 II 
0.009-1.000 20 15 14 
0.006-0.162 23 18 16 

0.017-0.249 22 16 14 
0.009-0.249 25 20 18 

All 22 16 15 

All 25 20 19 

All 31 23 21 
All 34 26 24 

0.006-0.162 37 29 26 

up to 0.500 40 24 21 
0.501 and over 40 24 21 

0.188-1.500 44 31 26 
0.051-0.249 45 34 32 
0.051-0.249 50 39 37 
1.501-3.000 41 29 24 

(Continued) 

19 14 64 
20 16 70 

16 12 54 
18 14 62 
19 16 68 
19 15 64 
20 17 66 
20 17 66 

18 15 62 

19 17 66 

15 13 49 

20 16 60 

14 II 44 

II 8 34 
12 10 40 
14 12 48 
II 7 34 
12 8.5 40 
13 11 48 

14 9 44 
15 12 50 

13 9 44 

15 12 50 

19 13 60 
20 15 65 

22 17 70 

24 14 78 
23 14 78 
26 18 84 
26 20 88 
29 23 95 
24 17 78 

40 
45 

34 
38 
43 
39 
45 
45 

39 

45 

35 

44 

28 

22 
25 
30 
20 
24 
29 

27 
32 

27 

32 

39 
44 

46 

41 
38 
53 
58 
66 
49 

10,100 
10,100 

10,100 
10,100 
10,100 
10,100 
10,100 
10,100 

10,100 

10,100 

10,100 

10,100 

10,100 

10,100 
10,100 
10,100 
10,100 
10,100 
10,100 

10,100 
10,100 

10,100 

10,100 

10,200 
10,200 

10,200 

10,400 
10,400 
10,400 
10,400 
10,400 
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X 
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ALLOY AND 
TEMPER 

5086-Hlll 
-Hill 
-H112 
-H112 
-H112 
-H112 
-H32 
-H34 

5154-H38 

5454-Hill 
-Hill 
-Hil2 
-H32 
-H34 

5456-Hill 
-Hill 
-H112 
-H321 
-H321 
-H321 
-H323 
-H343 

6005-T5 

6061-T6, 
-T651 
-T6, 
-T65101 

-T6, 
-T65i 
-T6 
-T6 
-T6 

TABLE 2Q-II-A-MINIMUM MECHANICAL PROPERTIES FOR ALUMINUM ALLOY5-(Continued) 
Values Are Given in Units of ksi (1 ,000 lblin2) 

COMPRES· 

THICKNESS 
TENSION SION SHEAR BEARING 

RANGE1 fiu2 ~2 '~ ~y ~ ~ (Inch) ksl 

PRODUCT1 x25.4formm x 6.89 for MPa 

Extrusions up to 0.500 36 21 18 21 12 70 
Extrusions 0.501 and over 36 21 18 21 12 70 
Plate 0.250-0.499 36 18 17 22 10 72 
Plate 0.500-1.000 35 16 16 21 9 70 
Plate 1.001-2.000 35 14 15 21 8 70 
Plate 2.001-3.000 34 14 15 21 8 68 

Sheet and plate All 40 28 26 24 16 78 
Dmwn tube All 44 34 32 26 20 84 

Sheet 0.006-0.128 45 35 33 24 20 81 

Extrusions up to 0.500 33 19 16 20 ll 64 
Extrusions 0.501 and over 33 19 16 19 ll 64 
Extrusions up to 5.000 31 12 13 19 7 62 
Sheet and plate 0.020-2.000 36 26 24 21 15 70 
Sheet and plate 0.020-1.000 39 29 27 23 17 74 

Extrusions up to 0.500 42 26 22 25 15 82 
Extrusions 0.501 and over 42 26 22 24 15 82 
Extrusions up to 5.000 41 19 20 24 ll 82 
Sheet and plate 0.188-1.250 46 33 27 27 19 87 
Plate 1.251-1.500 44 31 25 25 18 84 
Plate 1.501-3.000 41 29 25 25 17 82 
Sheet 0.051-0.249 48 36 34 28 21 94 
Sheet 0.051-0.249 53 41 39 31 24 101 

Extrusions up to 0.500 38 35 35 24 20 80 

Sheet and plate 0.010-4.000 42 35 35 27 20 88 

Extrusions up to 3.000 38 35 35 24 20 80 

Rolled rod and bar up to 8.000 42 35 35 27 20 88 

Drawn tube 0.025-0.500 42 35 35 27 20 88 
Pipe up to 0.999 42 35 35 27 20 88 
Pipe over 0.999 38 35 35 24 20 80 

~ 

36 
34 
31 
28 
28 
28 
48 
58 

56 

32 
30 
24 
44 
49 

44 
42 
38 
56 
53 
49 
61 
70 

56 

58 

56 

56 

56 
56 
56 

COMPRESSIVE 
MODULUS OF 
ELASTICITY3 

E 
ksl 

10,400 
10,400 
10,400 
10,400 
10,400 
10,400 
10,400 
10,400 

10,300 

10,400 
10,400 
10,400 
10,400 
10,400 

10,400 
10,400 
10,400 
10,400 
10,400 
10,400 
10,400 
10,400 

10,100 

10,100 

10,100 

10,100 

10,100 
10,100 
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6063-T5 Extrusions up to 0.500 22 16 16 13 9 46 26 10,100 
-T5 Extrusions over0.500 21 15 15 12 S.5 44 24 10,100 
-T6 Extrusions All 30 25 25 19 14 63 40 10,100 

Pipe 

6351-T5 Extrusions up to 1.00 3S 35 35 24 20 so 56 10,100 
--

I Values also apply to -T6511 temper. 
2Fru and Fry are minimum specified values (except for Alclad 3004-HI4, -HI6 and Fry for Alclad 3003-HI8). Other strength properties are corresponding minimum expected 

values. 
3For deflection calculations an average modulus of elasticity is used; numerically this is 100 ksi (689 MPa) lower than the values in this column. 

ALLOY AND TEMPER 

IIOO-HI2, -HI4 

3003-HI2, -HI4, -HI6, 
-HIS 

AI clad 
3003-HI2, -HI4, -HI6, 

-HIS 

3004-H32, -H34, -H36 

AI clad 
3004-H32, -H34, -HI4, 

-HI6 

3005-H25 

5005-HI2, -HI4, -H32, 
-H34 

5050-H32, -H34 

5052-H32, -H34 

5083-HIII 
-H321 
-H321 
-H323, -H343 

TABLE 20-11-B-MINIMUM MECHANICAL PROPERTIES FOR WELDED ALUMINUM ALLOYS1 

(Gas Tungsten Arc or Gas Metal Arc Welding with No Postweld Heat Treatment) 
COM PRES-

TENSION SION SHEAR 
PRODUCT AND THICKNESS 

RANGE 'l:;r, Ffls'T2 F~2 

"~ 1v (Inch) 
x25.4formm x 6.89 for MPa 

All II 4.5 4.5 8 2.5 

All 14 7 7 10 4 

All 13 6 6 10 3.5 

All 22 II II 14 6.5 

All 21 II II 13 6.5 

Sheet 0.013-0.050 17 9 9 12 5 

A!! 14 7 7 9 4 

All 18 8 8 12 4.5 

All 25 13 13 16 7.5 

Extrusions 39 21 20 23 12 
Sheet and plate O.IS8-1.500 40 24 24 24 14 
Plate 1.501-3.000 39 23 23 24 13 
Sheet 40 24 24 24 14 

(Continued) 
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TABLE 2Q-11-B-MINIMUM MECHANICAL PROPERTIES FOR WELDED ALUMINUM ALLOYS1-(Continued) 
(Gas Tungsten Arc or Gas Metal Arc Welding with No Postweld Heat Treatment) 

COM PRES-
TENSION SION SHEAR 

PRODUCT AND THICKNESS 
1c:r1 'irs'r2 Ffls'l'2 F.:.ur ~v 1~ RANGE 

(Inch) 

ALLOY AND TEMPER x25.4formm x 6.89 for MPa 

5086-HIII Extrusions 35 18 17 21 10 70 
-Hll2 Plate 0.250-0.499 35 17 17 21 9.5 70 
-HII2 Plate 0.500-1.000 35 16 16 21 9 70 
-HII2 Plate 1.001-2.000 35 14 14 21 8 70 
-H32, -H34 Sheet and plate 35 19 19 21 II 70 

5086-HIII Extrusions 35 18 17 21 10 70 
-Hll2 Plate 0.250-0.499 35 17 17 21 9.5 70 
-H112 Plate 0.500-1.000 35 16 16 21 9 70 
-HII2 Plate 1.001-2.000 35 14 14 21 8 70 
-H32, -H34 Sheet and plate 35 19 19 21 II 70 

5154-H38 Sheet 30 15 15 19 8.5 60 

5454-Hill Extrusions 31 16 15 19 9.5 62 
-Hll2 Extrusions 31 12 12 19 7 62 
-H32, -H34 Sheet and plate 31 16 16 19 9.5 62 

5456-Hlll Extrusions 41 24 22 24 14 82 
-H112 Extrusions 41 19 19 24 II 82 
-H321 Sheet and plate 0.188-1.500 42 26 24 25 15 84 
-H321 Plate 1.501-3.000 41 24 23 25 14 82 
-H323, -H343 Sheet 42 26 26 25 15 84 

6005-T5 Extrusions 24 17 17 15 10 50 
Up to 0.250 

6061-T6, -T65J3 All 24 20 20 15 12 50 
-T6, -T6514 Over0.375 24 15 15 15 9 50 

6063-T5, -T6 All 17 II II II 6.5 34 

6351-T51 Extrusions 24 20 20 15 12 50 
-T54 Over 0.375 24 15 15 15 9 50 

1. • ~ .- ~ a....,.,. .-T"' t s t•ro ,• • _ _ L __ I ___ _ 
• vatues 01 rruw an;:: f\.~lVLD wetu yua.Iut~..:auuu LCM va..auc;:,. 

20.2 percent offset in 10-inch (254 mm) gauge length across a butt weld. 

BEARING 

111" 

28 
28 
28 
28 
28 

28 
28 
28 
28 
28 

23 

24 
24 
24 

38 
38 
38 
36 
38 

30 

30 
30 

22 

30 
30 

Jvalues when welded with 5183, 5356 or 5556 alloy filler wire regardless of thickness. Values also apply to thicknesses less than 0.375 inch (9.5 mm) when welded with 
4043, 5154, 5254 or 5554 alloy filler wire. 

4Values when welded with 4043, 5154, 5254 or 5554 alloy filler wire. 
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1994 UNIFORM BUILDING CODE 2101-2101.3 

Chapter 21 

MASONRY 
NOTE: This chapter has been reformatted in its entirety. 

SECTION 2101- GENERAL 

2101.1 Scope. The materials, design, construction and quality control of masonry shall be in 
accordance with this chapter. 

2101.2 Design Methods. Masonry shall comply with the provisions of one of the following 
design methods in this chapter as well as the requirements of Sections 2101 through 2105. 

2101.2.1 Working stress design. Masonry designed by the working stres:; design method shall 
comply with the provisions of Sections 2106 and 2107. 

2101.2.2 Strength design. Masonry designed by the strength design method shall comply with 
the provisions of Sections 2106 and 2108. 

2101.2.3 Empirical design. Masonry designed by the empirical design method shall comply 
with the provisions of Sections 2106 and 2109. 

2101.2.4 Glass masonry. Glass masonry shall comply with the provisions of Section 2110. 

2101.3 Definitions. For the purpose of this chapter, certain terms are defined as follows: 

AREAS: 

Bedded Area is the area of the surface of a masonry unit which is in cont;c,ct with mortar in the 
plane of the joint. 

Effective Area of Reinforcement is the cross-sectional area of reinforcement multiplied by the 
cosine of the angle between the reinforcement and the direction for which effective area is to be 
determined. 

Gross Area is the total cross-sectional area of a specified section. 

Net Area is the gross cross-sectional area minus the area of ungrouted cor,~s, notches, cells and 
unbedded areas. Net area is the actual surface area of a cross section of mas:mry. 

Transformed Area is the equivalent area of one material to a second based on the ratio of moduli 
of elasticity of the first material to the second. 

BOND: 

Adhesion Bond is the adhesion between masonry units and mortar or grout. 

Reinforcing Bond is the adhesion between steel reinforcement and mortar or grout. 

BOND BEAM is a horizontal grouted element within masonry in which reinforcement is 
embedded. 

CELL is a void space having a gross cross-sectional area greater than 11/z square inches (967 
mm2). 

CLEAN OUT is an opening to the bottom of a grout space of sufficient size and spacing to allow 
the removal of debris. 

COLLAR JOINT is the vertical, longitudinal, mortar or grouted joint between wythes. 

COLUMN, REINFORCED, is a vertical structural member in which both the steel and 
masonry resist compression. 

COLUMN, UNREINFORCED, is a vertical structural member whose horizontal dimension 
measured at right angles to the thickness does not exceed three times the thickness. 
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DIMENSIONS: 

Actual Dimensions are the measured dimensions of a designated item. The actual dimension 
shall not vary from the specified dimension by more than the amount allowed in the appropriate 
standard of quality in Section 2102. 

Nominal Dimensions of masonry units are equal to its specified dimensions plus the thickness of 
the joint with which the unit is laid. 

Specified Dimensions are the dimensions specified for the manufacture or construction of 
masonry, masonry units, joints or any other component of a structure. 

GROUT LIFf is an increment of grout height within the total pour; a pour may consist of one or 
more grout lifts. 

GROUT POUR is the total height of masonry wall to be grouted prior to the erection of addi­
tional masonry. A grout pour will consist of one or more grout lifts. 

GROUTED MASONRY: 

Grouted Hollow-unit Masonry is that form of grouted masonry construction in which certain 
designated cells of hollow units are continuously filled with grout. 

Grouted Multiwythe Masonry is that form of grouted masonry construction in which the space 
between the wythes is solidly or periodically filled with grout. 

JOINTS: 

Bed Joint is the mortar joint that is horizontal at the time the masonry units are placed. 

Collar Joint is the vertical, longitudinal, mortar or grouted joint. 

Head Joint is the mortar joint having a vertical transverse plane. 

MASONRY UNIT is brick, tile, stone, glass block or concrete block conforming to the require­
ments specified in Section 2102. 

Hollow-masonry Unit is a masonry unit whose net cross-sectional area in every plane parallel to 
the bearing surface is less than 75 percent of the gross cross-sectional area in the same plane. 

Solid-masonry Unit is a masonry unit whose net cross-sectional area in every plane parallel to 
the bearing surface is 75 percent or more of the gross cross-sectional area in the 1:ame plane. 

PRISM is an assemblage of masonry units and mortar with or without grout used as a test speci­
men for determining properties of the masonry. 

REINFORCED MASONRY is that form of masonry construction in which reinforcement act-
ing in conjunction with the masonry is used to resist forces. 

SHELL is the outer portion of a hollow masonry unit as placed in masonry. 

WALLS: 

Bonded Wall is a masonry wall in which two or more wythes are bonded to act as a structural 
unit. 

Cavity Wall is a wall containing continuous air space with a minimum width of 2 inches (51 mm) 
and a maximum width of 4'12 inches (114 mm) between wythes which are tied with metal ties. 

WALL TIE is a mechanical metal fastener which connects wythes of masonry to each other or to 
other materials. 

WEB is an interior solid portion of a hollow-masonry unit as placed in masonry. 

WYTHE is the portion of a wall which is one masonry unit in thickness. A collar joint is not con­
sidered a wythe. 

2101.4 Notations. 

Ah = cross-sectional area of anchor bolt, square inches (mm2). 
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Ae 
Ag 

AJh 

Amv 

Ap 

As 

Ase 

Ash 

Av 

A:r 
a 

B.m 
Br 

Brn 
Bv 
b 

hsu 

br 

bru 

hv 
b' 

cd 
c 

D 
d 

db 

dbb 

dbp 

E 

Em 

E.r 
e 

emu 
F 

Fa 

Fb 

Fbr 

= 

= 

= 

= 
= 
= 

effective area of masonry. 
gross area of wall. 

total area of special horizontal reinforcement through a wall frame joint, square inches 
(mm2). 

net area of masonry section bounded by wall thickness and length of section in the direc­
tion of shear force considered, square inches (mm2). 
area of tension (pullout) cone of an embedded anchor bolt projected onto the surface of 
masonry, square inches (mm2). 
effective cross-sectional area of reinforcement in a column or flexural member. 
effective area of steel, square inches (mm2). 
total cross-sectional area of rectangular tie reinforcement for the confined core. 
area of steel required for shear reinforcement perpendicular to the lcngitudinal reinforce­
ment. 
effective cross-sectional area of compression reinforcement in a flexural member. 
depth of equivalent rectangular stress block for strength design. 
nominal shear strength of an anchor bolt, pounds (N). 
allowable tension force on anchor bolts, pounds (N). 

nominal tensile strength of an anchor bolt, pounds (N). 

allowable shear force on anchor bolts, pounds (N). 

effective width of rectangular member or width of flange for T anc! I sections. 
factored shear force supported by an anchor bolt, pounds (N). 

computed tension force on anchor bolts, pounds (N). 

factored tensile force supported by an anchor bolt, pounds (N). 

computed shear force on anchor bolts, pounds (N). 

width of web in T and I member. 
masonry shear strength coefficient as obtained from Table 21-K. 

distance from the neutral axis to extreme fiber. 
dead loads, or related internal moments and forces. 
distance from the compression face of a flexural member to the centroid of longitudinal 
tensile reinforcement. 
diameter of the reinforcing bar. 
diameter of largest beam longitudinal reinforcing bar passing through, or anchored in, the 
joint, inches (mm). 
diameter of largest pier longitudinal reinforcing bar passing through the joint, inches 
(mm). 

load effects of earthquake, or related internal moments and forces. 
modulus of elasticity of masonry. 
modulus of elasticity of steel, 29,000,000 psi (200 GPa). 

eccentricity of Pal-
maximum useable compressive strain of masonry. 
loads due to weight and pressure of fluids or related moments and forces. 
allowable average axial compressive stress for centroidally applied axial load only. 
allowable flexural compressive stress if members were carrying bending load only. 

allowable bearing stress. 
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F.v 
Fsc 
F, 

Fv 

fa 
fb 

fmd 

f, 

Is 
!v 
!v 
f'g 

f'm 
G = 
H 

h 

hh = 

he· 

hp 
h' 

I 
fe 

fg, fer = 
j 

K = 
k 
L 

L.v 

lh = 
I be 

ld = 
M = 

Ma = 
Me = 

Mer 
Mm = 
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allowable stress in reinforcement. 
allowable compressive stress in column reinforcement. 
allowable flexural tensile stress in masonry. 
allowable shear stress in masonry. 
computed axial compressive stress due to design axial load. 
computed flexural stress in the extreme fiber due to design bending loads only. 
computed compressive stress in masonry due to dead load only. 
modulus of rupture. 
computed stress in reinforcement due to design loads. 
computed shear stress due to design load. 
tensile yield stress of reinforcement. 
specified compressive strength of grout at the age of 28 days. 
specified compressive strength of masonry at the age of 28 days. 
shear modulus of masonry. 
loads due to weight and pressure of soil, water in soil or related internal moments and 
forces. 
height of wall between points of support. 
beam depth, inches (mm). 
cross-sectional dimension of grouted core measured center to center of confining rein­
forcement. 
pier depth in the plane of the wall frame, inches (mm). 
effective height of a wall or column. 
moment of inertia about the neutral axis of the cross-sectional area. 
effective moment of inertia. 
gross, cracked moment of inertia of the wall cross section. 
ratio or distance between centroid of flexural compressive forces and ce 11troid of tensile 
forces to depth, d. 

the reinforcement cover or the clear spacing, whichever is less. 
the ratio of depth of the compressive stress in a flexural member to the depth, d. 

live loads, or related internal moments and forces. 
length of wall. 
length of a wall or segment. 
embedment depth of anchor bolts, inches (mm). 
anchor bolt edge distance, the least length measured from the edge of ma:;onry to the sur­
face of the anchor bolt, inches (mm). 
required development length of reinforcement. 

design moment. 
maximum moment in the member at the stage deflection is computed. 
moment capacity of compression steel in a flexural member about the centroid of the ten­
sile force. 
nominal cracking moment strength. 
the moment of the compressive force in the masonry about the centroid of the tensile force 
in the reinforcement. 

Mn nominal moment strength. 
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the moment of the tensile force in the reinforcement about the centroid of the compressive 
force in the masonry. 
service moment at the midheight of the panel, including P~ effect~ .. 
factored moment. 
modular ratio 

E.r I Em. 
design axial load. 
allowable centroidal axial load for reinforced masonry columns. 
nominal balanced design axial strength. 
load from tributary floor or roof area. 
nominal axial strength, pounds (N). 
nominal axial load strength without bending, pounds (N). 
factored axial load, pounds (N). 
factored load from tributary floor or roof loads. 
factored weight of the wall tributary to the section under consideration. 
weight of the wall tributary to section under consideration. 
radius of gyration (based on specified unit dimensions or Tables 21-H-1, 21-H-2 and 
21-H-3), inches (mm). 
ratio of the area of bars cut off to the total area of bars at the secticn. 
section modulus. 
spacing of stirrups or of bent bars in a direction parallel to that of tht main reinforcement. 
effects of temperature, creep, shrinkage and differential settlement. 
effective thickness of a wythe, wall or column. 
required strength to resist factored loads, or related internal mome 11ts and forces. 
bond stress per unit of surface area of bar. 
total design shear force. 
total horizontal joint shear, calculated in accordance with Section 2108.2.6.2.9, Item 1. 

nominal shear strength provided by masonry, pounds (N). 
nominal shear strength, pounds (N). 
nominal shear strength provided by shear reinforcement, pounds (N). 
wind load, or related internal moments in forces. 
factored distributed lateral load. 
horizontal deflection at midheight under factored load. 
ratio of the area of flexural tensile reinforcement, As, to the area bd. 

ratio of distributed shear reinforcement on a plane perpendicular to plane of Amv· 

sum of the perimeters of all the longitudinal reinforcement. 
strength-reduction factor. 

SECTION 2102 - MATERIAL STANDARDS 

2102.1 Quality. Materials used in masonry shall conform to the requirements stated herein. If no 
requirements are specified in this section for a material, quality shall be based on generally accepted 
good practice, subject to the approval of the building official. 

Reclaimed or previously used masonry units shall meet the applicable requirements as for new 
masonry units of the same material for their intended use. 
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2102.2 Standards of Quality. The standards listed below labeled a "U.B.C. standard" are also 
listed in Chapter 35, Part II, and are part of this code. The other standards listed below are recog­
nized standards. See Sections 3502 and 3503. 

I. Aggregates. 

1.1 ASTM C 144, Aggregates for Masonry Mortar 

1.2 ASTM C 404, Aggregates for Grout 

2. Cement. 

2.1 U.B.C. Standard 21-11, Masonry Cement. (Plastic cement conforming to the require­
ments of U.B.C. Standard 25-1 may be used in lieu of masonry cement when it also con­
forms to U.B.C. Standard 21-11.) 

2.2 U.B.C. Standard 19-l, Portland Cement and Blended Hydraulic Cemer.ts 

• 2.3 U.B.C. Standard 21-14, Mortar Cement 

I 

3. Lime. 

3.1 U.B.C. Standard 21-12, Quick Lime for Structural Purposes 

3.2 U.B.C. Standard 21-13, Hydrated Lime for Masonry Purposes. When Types Nand NA 
hydrated lime are used in masonry mortar, they shall comply with the provisions of 
U.B.C. Standard 21-15, Section 21.1506.7, excluding the plasticity requirement. 

4. Masonry units of clay or shale. 

4.1 ASTM C 34 and C 112, Method C, Structural Clay Load-bearing Wall Tile 

4.2 ASTM C 56, Structural Clay Nonload-bearing Tile 

4.3 U.B.C. Standard 21-1, Section 21.101, Building Brick (solid units) 

4.4 ASTM C 126, Ceramic Glazed Structural Clay Facing Tile, Facing Brick and Solid 
Masonry Units. Load-bearing glazed brick shall conform to the weathering and struc­
tural requirements of U.B.C. Standard 21-1, Section 21.106, Facing Brick 

4.5 ASTM C 34 and C 112, Method C, Structural Clay Facing Tile 

4.6 U.B.C. Standard 21-1, Section 21.106, Facing Brick (solid units) 

4.7 U.B.C. Standard 21-1, Section 21.107, Hollow Brick 

4.8 ASTM C 67, Sampling and Testing Brick 

4.9 ASTM C 212, Structural Clay Facing Tile 

4.10 ASTM C 530, Structural Clay Non-Loadbearing Screen Tile 

5. Masonry units of concrete. 

5.1 U.B.C. Standard 21-3, Concrete Building Brick 

5.2 U.B.C. Standard 21-4, Hollow and Solid Load-bearing Concrete Maso11ry Units 

5.3 U.B.C. Standard 21-5, Nonload-bearing Concrete Masonry Units 

5.4 ASTM C 140, Sampling and Testing Concrete Masonry Units 

5.5 ASTM C 426, Standard Test Method for Drying Shrinkage of Concrete Block 

6. Masonry units of other materials. 

6.1 Calcium silicate. 

U.B.C. Standard 21-2, Calcium Silicate Face Brick (Sand-lime Brick) 

6.2 U.B.C. Standard 21-9, Unburned Clay Masonry Units 
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6.3 ACI-704, Cast Stone 

6.4 U.B.C. Standard 21-17, Test Method for Compressive Strength of Masonry Prisms 

7. Connectors. 

7.1 Wall ties and anchors made from steel wire shall conform to U.B.C. Standard 21-10, Part I 
II, and other steel wall ties and anchors shall conform to A 36 in accordance with U.B.C. 
Standard 22-1. Wall ties and anchors made from copper, brass or other nonferrous metal 
shall have a minimum tensile yield strength of 30,000 psi (207 MPa). 

7.2 All such items not fully embedded in mortar or grout shall either be corrosion resistant or 
shall be coated after fabrication with copper, zinc or a metal having at least equivalent 
corrosion-resistant properties. 

8. Mortar. 
8.1 U.B.C. Standard 21-15, Mortar for Unit Masonry 

8.2 U.B.C. Standard 21-16, Field Test Specimens for Mortar 

8.3 U.B.C. Standard 21-20, Standard Test Method for Flexural Bond Strength of Mortar 
Cement 

9. Grout. 

9.1 U.B.C. Standard 21-19, Grout for Masonry 

9.2 U.B.C. Standard 21-18, Method of Sampling and Testing Grout 

I 0. Reinforcement. 
10.1 U.B.C. Standard 21-10, Part I, Joint Reinforcement for Masonry 

10.2 ASTM A 615, A 616, A 617, A 706, A 767, and A 775, Deformed and Plain Billet-steel 
Bars, Rail-steel Deformed and Plain Bars, Axle-steel Deformed and Plain Bars, and 
Deformed Low-alloy Bars for Concrete Reinforcement 

10.3 U.B.C. Standard 21-10, Part II, Cold-drawn Steel Wire for Concrete Reinforcement 

SECTION 2103- MORTAR AND GROUT 

2103.1 General. Mortar and grout shall comply with the provisions of this >ection. Special mor­
tars, grouts or bonding systems may be used, subject to satisfactory evidenc'~ of their capabilities 
when approved by the building official. 

2103.2 Materials. Materials used as ingredients in mortar and grout shall conform to the applica­
ble requirements in Section 2102. Cementitious materials for grout shall be one or both of the fol­
lowing: lime and portland cement. Cementitious materials for mortar shall be one or more of the 
following: lime, masonry cement, portland cement and mortar cement. Cem~ntitious materials or 
additives shall not contain epoxy resins and derivatives, phenols, asbestos fibers or fireclays. 

Water used in mortar or grout shall be clean and free of deleterious amounts of acid, alkalies or 
organic material or other harmful substances. 

2103.3 Mortar. 

2103.3.1 General. Mortar shall consist of a mixture of cementitious materials and aggregate to 
which sufficient water and approved additives, if any, have been added to achieve a workable, plas­
tic consistency. 

2103.3.2 Selecting proportions. Mortar with specified proportions of ingredients that differ 
from the mortar proportions of Table 21-A may be approved for use when it is demonstrated by 
laboratory or field experience that this mortar with the specified proportions of ingredients, when 
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combined with the masonry units to be used in the structure, will achieve the specified compressive 
strength f~. Water content shall be adjusted to provide proper workability under existing field 
conditions. When the proportion of ingredients is not specified, the proportions by mortar type shall 
be used as given in Table 21-A. 

2103.4 Grout. 

2103.4.1 General. Grout shall consist of a mixture of cementitious materials and aggregate to 
which water has been added such that the mixture will flow without segregation of I he constituents. 
Grout shall have a minimum compressive strength/g of 2,000 pounds per square inch (14.0 MPa). 

2103.4.2 Selecting proportions. Water content shall be adjusted to provide proper workability 
and to enable proper placement under existing field conditions, without segregatior. Grout shall be 
specified by one of the following methods: 

1. Proportions of ingredients and any additives shall be based on laboratory or field experience 
with the grout ingredients and the masonry units to be used. The grout shall be spectfied by the pro­
portion of its constituents in terms of parts by volume, or 

2. Minimum compressive strength which will produce the required prism strength, or 

3. Proportions by grout type shall be used as given in Table 21-B. 

2103.5 Additives and Admixtures. 

2103.5.1 General. Additives and admixtures to mortar or grout shall not be used unless approved 
by the building official. 

2103.5.2 Antifreeze compounds. Antifreeze liquids, chloride salts or other such substances shall 
not be used in mortar or grout. 

2103.5.3 Air entrainment. Air-entraining substances shall not be used in mortar or grout unless 
tests are conducted to determine compliance with the requirements of this code. 

2103.5.4 Colors. Only pure mineral oxide, carbon black or synthetic colors may be used. Carbon 
black shall be limited to a maximum of 3 percent of the weight of the cement. 

I SECTION 2104 - CONSTRUCTION 

2104.1 General. Masonry shall be constructed according to the provisions of this section. 

2104.2 Materials: Handling, Storage and Preparation. All materials shall comply with appli­
cable requirements of Section 2102. Storage, handling and preparation at the site shall conform also 
to the following: 

1. Masonry materials shall be stored so that at the time of use the materials are ckan and structur­
ally suitable for the intended use. 

2. All metal reinforcement shall be free from loose rust and other coatings that would inhibit 
reinforcing bond. 

I 3. At the time of laying, burned clay units and sand lime units shall have an initial rate of absorp­
tion not exceeding 0.035 ounce per square inch (1.6 Um2) during a period of one minute. In the 
absorption test, the surface of the unit shall be held 1/s inch (3 mm) below the surflce of the water. 

4. Concrete masonry units shall not be wetted unless otherwise approved. 

5. Materials shall be stored in a manner such that deterioration or intrusion of foreign materials is 
prevented and that the material will be capable of meeting applicable requiremer.ts at the time of 
mixing. 

6. The method of measuring materials for mortar and grout shall be such that proportions of the 
materials can be controlled. 
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7. Mortar or grout mixed at the jobsite shall be mixed for a period of time not less than three 
minutes or more than 10 minutes in a mechanical mixer with the amount of water required to pro­
vide the desired workability. Hand mixing of small amounts of mortar is permitted. Mortar may be 
retempered. Mortar or grout which has hardened or stiffened due to hydration of the cement shall 
not be used. In no case shall mortar be used two and one-half hours, nor grout used one and one-half 
hours, after the initial mixing water has been added to the dry ingredients at the jobsite. 

EXCEPTION: Dry mixes for mortar and grout which are blended in the factory and mixed at the jobsite 
shall be mixed in mechanical mixers until workable, but not to exceed 10 minutes. 

2104.3 Cold-weather Construction. 

2104.3.1 General. All materials shall be delivered in a usable condition and !.tored to prevent wet­
ting by capillary action, rain and snow. 

The tops of all walls not enclosed or sheltered shall be covered with a strong weather-resistive 
material at the end of each day or shutdown. 

Partially completed walls shall be covered at all times when work is not in progress. Covers shall 
be draped over the wall and extend a minimum of 2 feet (600 mm) down both sides and shall be 
securely held in place, except when additional protection is required in Sect1on 21 04.3.4. 

2104.3.2 Preparation. If ice or snow has inadvertently formed on a masonry bed, it shall be 
thawed by application of heat carefully applied until top surface of the masonry is dry to the touch. 

A section of masonry deemed frozen and damaged shall be removed before continuing construc­
tion of that section. 

2104.3.3 Construction. Masonry units shall be dry at time of placement. Wet or frozen masonry 
units shall not be laid. 

Special requirements for various temperature ranges are as follows: 

1. Air temperature 40°F. to 32°F. (4.5°C. to 0°C.): Sand or mixing water shall be heated to pro­
duce mortar temperatures between 40°F. and 120°F. (4.5°C. and 49°C.). 

2. Air temperature 32 °F. to 25 °F. (0°C. to -4 °C.): Sand and mixing water shall be heated to pro­
duce mortar temperatures between 40°F. and l20°F. (4.5°C. and 49°C.). Maintain temperatures of 
mortar on boards above freezing. 

3. Air temperature 25°F. to 20°F. (-4°C. to -rC.): Sand and mixing water shall be heated to 
produce mortar temperatures between 40°F. and l20°F. (4.5°C. and 49°C.). Maintain mortar tem­
peratures on boards above freezing. Salamanders or other sources of heat shall be used on both sides 
of walls under construction. Windbreaks shall be employed when wind is in excess of 15 miles per 
hour (24 km/h). 

4. Air temperature 20°F. (-7°C.) and below: Sand and mixing water shall be heated to provide 
mortar temperatures between 40°F. and l20°F. (4.5°C. and 49°C.). Enclosure and auxiliary heat 
shall be provided to maintain air temperature above 32 °F. (0°C.). Temperature of units when laid 
shall not be less than 20°F. (-rC.). 

2104.3.4 Protection. When the mean daily air temperature is 40°F. to 32 'F. (4.5°C. to 0°C.), 
masonry shall be protected from rain or snow for 24 hours by covering with a weather-resistive 
membrane. 

When the mean daily air temperature is 32oF. to 25°F. (0°C. to -4°C.), masonry shall be com­
pletely covered with a weather-resistive membrane for 24 hours. 

When the mean daily air temperature is 25°F. to 20°F. (-4°C. to -7°C.), masonry shall be com­
pletely covered with insulating blankets or equally protected for 24 hours. 

When the mean daily air temperature is 20°F. (-rC.) and below, masonry temperature shall be 
maintained above 32°F. (0°C.) for 24 hours by enclosure and supplementary heat, by electric heat­
ing blankets, infrared heat lamps or other approved methods. 
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2104.3.5 Placing grout and protection of grouted masonry. When air temperatures fall below 
40°F. (4.5°C.), grout mixing water and aggregate shall be heated to produce grout temperatures 
between 40°F. and l20°F. (4.5°C. and 49°C.). 

Masonry to be grouted shall be maintained above freezing during grout placement and for at least 
24 hours after placement. 

When atmospheric temperatures fall below 20°F. (-7°C.), enclosures shall be provided around 
the masonry during grout placement and for at least 24 hours after placement. 

2104.4 Placing Masonry Units. 

2104.4.1 Mortar. The mortar shall be sufficiently plastic and units shall be placed with sufficient 
pressure to extrude mortar from the joint and produce a tight joint. Deep furrowing which produces 
voids shall not be used. 

The initial bed joint thickness shall not be less than 1/4 inch (6 mm) or more than I inch (25 mm); 
subsequent bed joints shall not be less than 1/4 inch (6 mm) or more than 5/g inch (16 mm) in thick­
ness. 

2104.4.2 Surfaces. Surfaces to be in contact with mortar or grout shall be clean and free of del­
eterious materials. 

2104.4.3 Solid masonry units. Solid masonry units shall have full head and bed joints. 

2104.4.4 Hollow-masonry units. All head and bed joints shall be filled solidly with mortar for a 
distance in from the face of the unit not less than the thickness of the shell. 

Head joints of open-end units with beveled ends that are to be fully grouted need 11ot be mortared. 
The beveled ends shall form a grout key which permits grout within 5t8 inch (16 mm) of the face of 
the unit. The units shall be tightly butted to prevent leakage of grout. 

2104.5 Reinforcement Placing. Reinforcement details shall conform to the requirements of this 
chapter. Metal reinforcement shall be located in accordance with the plans and specifications. Rein­
forcement shall be secured against displacement prior to grouting by wire positioners or other suit­
able devices at intervals not exceeding 200 bar diameters. 

Tolerances for the placement of reinforcement in walls and flexural elements shall be plus or 
minus 1/2 inch (13 mm) ford equal to 8 inches (200 mm) or less, ± 1 inch ( ± 25 mm) ford equal to 
24 inches (600 mm) or less but greater than 8 inches (200 mm), and ± 1114 inches (32 mm) ford 
greater than 24 inches (600 mm). 

Tolerance for longitudinal location ofreinforcement shall be ± 2 inches (51 mm). 

2104.6 Grouted Masonry. 

2104.6.1 General conditions. Grouted masonry shall be constructed in such a manner that allele­
ments of the masonry act together as a structural element. 

Prior to grouting, the grout space shall be clean so that all spaces to be filled with grout do not 
contain mortar projections greater than 1/2 inch (13 mm), mortar droppings or other foreign mate­
rial. Grout shall be placed so that all spaces designated to be grouted shall be filled with grout and 
the grout shall be confined to those specific spaces. 

Grout materials and water content shall be controlled to provide adequate fluidity for placement 
without segregation of the constituents, and shall be mixed thoroughly. 

The grouting of any section of wall shall be completed in one day with no interruptions greater 
than one hour. 

Between grout pours, a horizontal construction joint shall be formed by stopping all wythes at the 
same elevation and with the grout stopping a minimum of 11/2 inches (38 mm) below a mortar joint, 
except at the top of the wall. Where bond beams occur, the grout pour shall be stopped a minimum of 
1/2 inch (13 mm) below the top of the masonry. 
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Size and height limitations of the grout space or cell shall not be less than ~hown in Table 21-C. 
Higher grout pours or smaller cavity widths or cell size than shown in Table 21··C may be used when 
approved, if it is demonstrated that grout spaces will be properly filled. 

Cleanouts shall be provided for all grout pours over 5 feet (1524 mm) in height. 

Where required, cleanouts shall be provided in the bottom course at every vertical bar but shall 
not be spaced more than 32 inches (813 mm) on center for solidly grouted masonry. When cleanouts 
are required, they shall be sealed after inspection and before grouting. 

Where cleanouts are not provided, special provisions must be made to keep the bottom and sides 
of the grout spaces, as well as the minimum total clear area as required by Table 21-C, clean and 
clear prior to grouting. 

Units may be laid to the full height of the grout pour and grout shall be placed in a continuous pour 
in grout lifts not exceeding 6 feet (1830 mm). When approved, grout lifts may be greater than 6 feet 
(1830 mm) if it can be demonstrated the grout spaces can be properly filled. 

All cells and spaces containing reinforcement shall be filled with grout. 

2104.6.2 Construction requirements. Reinforcement shall be placed prior to grouting. Bolts 
shall be accurately set with templates or by approved equivalent means and held in place to prevent 
dislocation during grouting. 

Segregation of the grout materials and damage to the masonry shall be avoided during the grout­
ing process. 

Grout shall be consolidated by mechanical vibration during placement before loss of plasticity in 
a manner to fill the grout space. Grout pours greater than 12 inches (300 mm) in height shall be 
reconsolidated by mechanical vibration to minimize voids due to water loss. Grout pours 12 inches 
(300 mm) or less in height shall be mechanically vibrated or puddled. 

In one-story buildings having wood-frame exterior walls, foundations not over 24 inches (600 
mm) high measured from the top of the footing may be constructed of hollow-. masonry units laid in 
running bond without mortared head joints. Any standard shape unit may be used, provided the 
masonry units permit horizontal flow of grout to adjacent units. Grout shall be solidly poured to the 
full height in one lift and shall be puddled or mechanically vibrated. 

In nonstructural elements which do not exceed 8 feet (2440 mm) in height above the highest point 
of lateral support, including fireplaces and residential chimneys, mortar of pouring consistency 
may be substituted for grout when the masonry is constructed and grouted in pours of 12 inches (300 
mm) or less in height. 

In multi wythe grouted masonry, vertical barriers of masonry shall be built across the grout space I 
the entire height of the grout pour and spaced not more than 30 feet (9144 mm) horizontally. The 
grouting of any section of wall between barriers shall be completed in one day with no interruption 
longer than one hour. 

2104.7 Aluminum Equipment. Grout shall not be handled nor pumped utilizing aluminum 
equipment unless it can be demonstrated with the materials and equipment to Je used that there will 
be no deleterious effect on the strength of the grout. 

2104.8 Joint Reinforcement. Wire joint reinforcement used in the design as principal reinforce­
ment in hollow-unit construction shall be continuous between supports unless splices are made by 
lapping: 

1. Fifty-four wire diameters in a grouted cell, or 

2. Seventy-five wire diameters in the mortared bed joint, or 

3. In alternate bed joints of running bond masonry a distance not less than 54 diameters plus 
twice the spacing of the bed joints, or 
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4. As required by calculation and specific location in areas of minimum stress, Slch as points of 
inflection. 

Side wires shall be deformed and shall conform to U.B.C. Standard 21-10, Part I, Joint Reinforce­
ment for Masonry. 

I SECTION 2105 - QUALITY ASSURANCE 

2105.1 General. Quality assurance shall be provided to ensure that materials, construction and 
workmanship are in compliance with the plans and specifications, and the applicable requirements 
of this chapter. When required, inspection records shall be maintained and made available to the 
building official. 

2105.2 Scope. Quality assurance shall include, but is not limited to, assurance that: 

1. Masonry units, reinforcement, cement, lime, aggregate and all other materials meet the 
requirements of the applicable standards of quality and that they are properly stored and prepared 
for use. 

2. Mortar and grout are properly mixed using specified proportions of ingredients. The method 
of measuring materials for mortar and grout shall be such that proportions of m<,terials are con­
trolled. 

3. Construction details, procedures and workmanship are in accordance with the plans and spec­
ifications. 

4. Placement, splices and reinforcement sizes are in accordance with the provisions of this chap­
ter and the plans and specifications. 

2105.3 Compliance with/~. 

2105.3.1 General. Compliance with the requirements for the specified compressive strength of 
masonry I'm shall be in accordance with one of the sections in this subsection. 

2105.3.2 Masonry prism testing. The compressive strength of masonry detennined in accor­
dance with U.B.C. Standard 21-17 for each set of prisms shall equal or exceedFn· Compressive 
strength of prisms shall be based on tests at 28 days. Compressive strength at sev,~n days or three 
days may be used provided a relationship between seven-day and three-day and 28-jay strength has 
been established for the project prior to the start of construction. Verification by masonry prism test­
ing shall meet the following: 

1. A set of five masonry prisms shall be built and tested in accordance with U.B.C. Standard 
21-17 prior to the start of construction. Materials used for the construction of the prisms shall be 
taken from those specified to be used in the project. Prisms shall be constructed unjer the observa­
tion of the engineer or special inspector or an approved agency and tested by an approved agency. 

2. When full allowable stresses are used in design, a set of three prisms shall be built and tested 
during construction in accordance with U.B.C. Standard 21-17 for each 5,000 square feet (465m2) 
of wall area, but not less than one set of three masonry prisms for the project. 

3. When one half the allowable masonry stresses are used in design, testing during construction 
is not required. A letter of certification from the supplier of the materials used to verify the I'm in 
accordance with Section 21 05.3.2, Item 1, shall be provided at the time of, or prior to, delivery of the 
materials to the jobsite to assure the materials used in construction are representati•1e of the materi­
als used to construct the prisms prior to construction. 

2105.3.3 Masonry prism test record. Compressive strength verification by ma;;onry prism test 
records shall meet the following: 

1. A masonry prism test record approved by the building official of at least 30 masonry prisms 
which were built and tested in accordance with U.B.C. Standard 21-17. Prisms shall have been 
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constructed under the observation of an engineer or special inspector or an approved agency and 
shall have been tested by an approved agency. 

2. Masonry prisms shall be representative of the corresponding constructiOn. 

3. The average compressive strength of the test record shall equal or exceed 1.33 f~. 

4. When full allowable stresses are used in design, a set of three masonry prisms shall be built 
during construction in accordance with U.B.C. Standard 21-17 for each 5,000 square feet (465m2) 
of wall area, but not less than one set of three prisms for the project. 

5. When one half the allowable masonry stresses are used in design, field testing during 
construction is not required. A letter of certification from the supplier of the materials to the jobsite 
shall be provided at the time of, or prior to, delivery of the materials to assure the materials used in 
construction are representative of the materials used to develop the prism test record in accordance 
with Section 2105.3.3, Item I. 

2105.3.4 Unit strength method. Verification by the unit strength method shall meet the follow­
ing: 

I. When full allowable stresses are used in design, units shall be tested pric•r to construction and 
test units during construction for each 5,000 square feet (465 m2) of wall clrea for compressive 
strength to show compliance with the compressive strength required in Tabk 21-D; and 

EXCEPTION: Prior to the start of construction, prism testing may be used in lieu of testing the unit I 
strength. During construction, prism testing may also be used in lieu of testing the unit strength and the grout 
as required by Section 2105.3.4, Item 4. 

2. When one half the allowable masonry stresses are used in design, testing IS not required for the 
units. A letter of certification from the manufacturer of the units shall be provided at the time of, or 
prior to, delivery of the units to the jobsite to assure the units comply with the compressive strength 
required in Table 21-D; and 

3. Mortar shall comply with the mortar type required in Table 21-D; and 

4. When full stresses are used in design for concrete masonry, grout shall be tested for each 5,000 
square feet (465m2) of wall area, but not less than one test per project, to show compliance with the 
compressive strength required in Table 21-D, Footnote 4. 

5. When one half the allowable stresses are used in design for concrete masonry, testing is not 
required for the grout. A letter of certification from the supplier of the grout shall be provided at the 
time of, or prior to, delivery of the grout to the jobsite to assure the grout complies with the compres­
sive strength required in Table 21-D, Footnote 4; or 

6. When full allowable stresses are used in design for clay masonry, grou1 proportions shall be 
verified by the engineer or special inspector or an approved agency to confcrm with Table 21-B. 

7. When one half the allowable masonry stresses are used in design for clay masonry, a letter of 
certification from the supplier of the grout shall be provided at the time of, or p ior to, delivery of the 
grout to the jobsite to assure the grout conforms to the proportions of Table 21-B. 

2105.3.5 Testing prisms from constructed masonry. When approved by the building official, 
acceptance of masonry which does not meet the requirements of Section 2105.3.2, 2105.3.3 or 
2105.3.4 shall be permitted to be based on tests of prisms cut from the mawnry construction in 
accordance with the following: 

1. A set of three masonry prisms that are at least 28 days old shall be saw cut from the masonry 
for each 5,000 square feet ( 465 m2) of the wall area that is in question but not less than one set of 
three masonry prisms for the project. The length, width and height dimensions of the prisms shall 
comply with the requirements ofU.B.C. Standard 21-17. Transporting, preparation and testing of 
prisms shall be in accordance with U.B.C. Standard 21-17. 

2. The compressive strength of prisms shall be the value calculated in accordance with U.B.C. 
Standard 21-17, Section 21.1707 .2, except that the net cross-sectional area of the prism shall be 
based on the net mortar bedded area. 
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I 3. Compliance with the requirement for the specified compressive strength of masonry, f'm, 
shall be considered satisfied provided the modified compressive strength equals or exceeds the spe­
cifiedf'm. Additional testing of specimens cut from locations in question shall be permitted. 

2105.4 Mortar Testing. When required, mortar shall be tested in accordance with U.B.C. Stand-
ard 21-16. 

2105.5 Grout Testing. When required, grout shall be tested in accordance with U.B.C. Standard 
21-18. 

I SECTION 2106- GENERAL DESIGN REQUIREMENTS 

2106.1 General. 

2106.1.1 Scope. The design of masonry structures shall comply with the working stress design 
provisions of Section 2107, or the strength design provisions of Section 2108 or the empirical 
design provisions of Section 2109, and with the provisions of this section. Unless otherwise stated, 
all calculations shall be made using or based on specified dimensions. 

2106.1.2 Plans. Plans submitted for approval shall describe the required design strengths of 
masonry materials and inspection requirements for which all parts of the structure were designed, 
and any load test requirements. 

2106.1.3 Design loads. See Chapter 16 for design loads. 

2106.1.4 Stack bond. In bearing and non bearing walls, except veneer walls, if less than 75 per­
cent of the units in any transverse vertical plane lap the ends of the units below a d1 stance less than 
one half the height of the unit, or less than one fourth the length of the unit, the wall shall be consid­
ered laid in stack bond. 

2106.1.5 Multiwythe walls. 

2106.1.5.1 General. All wythes of multi wythe walls shall be bonded by grout or tied together by 
corrosion-resistant wall ties or joint reinforcement conforming to the requirements of Section 2102, 
and as set forth in this subsection. 

2106.1.5.2 Wall ties in cavity wall construction. Wall ties shall be of sufficient length to engage 
all wythes. The portion of the wall ties within the wythe shall be completely embedded in mortar or 
grout. The ends of the wall ties shall be bent to 90-degree angles with an extension not less than 
2 inches (51 mm) long. Wall ties not completely embedded in mortar or grout between wythes shall 
be a single piece with each end engaged in each wythe. 

There shall be at least one 3/16-inch-diameter (9.5 mm) wall tie for each 41/2 square feet (0.42 m2) 
of wall area. For cavity walls in which the width of the cavity is greater than 3 indes (75 mm), but 
not more than 41/2 inches (115 mm), at least one 3/16-inch-diameter (9.5 mm) wall tie for each 
3 square feet (0.28 m2) of wall area shall be provided. 

Ties in alternate courses shall be staggered. The maximum vertical distance between ties shall not 
exceed 24 inches (610 mm) and the maximum horizontal distance between ties sh2ll not exceed 36 
inches (914 mm). 

Additional ties spaced not more than 36 inches (914 mm) apart shall be provided around openings 
within a distance of 12 inches (305 mm) from the edge of the opening. 

Adjustable wall ties shall meet the following requirements: 

1. One tie shall be provided for each 1. 77 square feet (0.16 m2) of wall area. Horizontal and verti­
cal spacing shall not exceed 16 inches ( 406 mm). Maximum misalignment of bed joints from one 
wythe to the other shall be 11/4 inches (32 mm). 

2. Maximum clearance between the connecting parts of the tie shall be 1/16 inch (1.6 mm). When 
used, pintle ties shall have at least two 3/16-inch-diameter (4.8 mm) pintle legs. 
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Wall ties of different size and spacing that provide equivalent strength between wythes may be I 
used. 

2106.1.5.3 Wall ties for grouted multiwythe construction. Wythes of multiwythe walls shall be 
bonded together with at least 3/16-inch-diameter (4.8 mm) steel wall tie for each 2 square feet 
(0.19 m2) of area. Wall ties of different size and spacing that provide equiva};!nt strength between 
wythes may be used. 

2106.1.5.4 Joint reinforcement. Prefabricated joint reinforcement for masonry walls shall have 
at least one cross wire of at least No. 9 gage steel for each 2 square feet (0.19 m2) of wall area. The 
vertical spacing of the joint reinforcement shall not exceed 16 inches (406 mm). The longitudinal 
wires shall be thoroughly embedded in the bed joint mortar. The joint reinforcement shall engage all 
wythes. 

Where the space between tied wythes is solidly filled with grout or mortar, the allowable stresses 
and other provisions for masonry bonded walls shall apply. Where the space i~• not filled, tied walls 
shall conform to the allowable stress, lateral support, thickness (excluding cwity), height and tie 
requirements for cavity walls. 

2106.1.6 Vertical support. Structural members providing vertical support of masonry shall pro­
vide a bearing surface on which the initial bed joint shall not be less than 1/4 inch (6 mm) or more 
than I inch (25 mm) in thickness and shall be of noncombustible material, exc;!pt where masonry is 
a nonstructural decorative feature or wearing surface. 

2106.1.7 Lateral support. Lateral support of masonry may be provided by cross walls, columns, 
pilasters, counterforts or buttresses where spanning horizontally or by floors, beams, girts or roofs 
where spanning vertically. 

The clear distance between lateral supports of a beam shall not exceed 32 times the least width of 
the compression area. 

2106.1.8 Protection of ties and joint reinforcement. A minimum of 5/s-inch (16 mm) mortar 
cover shall be provided between ties or joint reinforcement and any exposed face. The thickness of 
grout or mortar between masonry units and joint reinforcement shall not be less than 1/4 inch 
(6 mm), except that 1/4 inch (6 mm) or smaller diameter reinforcement or bolts may be placed in bed 
joints which are at least twice the thickness of the reinforcement or bolts. 

2106.1.9 Pipes and conduits embedded in masonry. Pipes or conduit shall not be embedded in 
any masonry in a manner that will reduce the capacity of the masonry to less than that necessary for 
required strength or required fire protection. 

Placement of pipes or conduits in unfilled cores of hollow-unit masonry shall not be considered 
as embedment. 

EXCEPTIONS: I. Rigid electric conduits may be embedded in structural masomy when their location has 
been detailed on the approved plan. 

2. Any pipe or conduit may pass vertically or horizontally through any masonry by means of a sleeve at least 
large enough to pass any hub or coupling on the pipeline. Such sleeves shall not be placed closer than three 
diameters, center to center, nor shall they unduly impair the strength of construction. 

2106.1.10 Load tests. When a load test is required, the member or portion of the structure under 
consideration shall be subjected to a superimposed load equal to twice the design live load plus one 
half of the dead load. This load shall be left in position for a period of 24 hours before removal. If, 
during the test or upon removal of the load, the member or portion of the stru:ture shows evidence 
of failure, such changes or modifications as are necessary to make the structure adequate for the 
rated capacity shall be made; or where approved, a lower rating shall be established. A flexural 
member shall be considered to have passed the test if the maximum deflection D at the end of the 
24-hour period does not exceed the value of Formulas (6-1) or (6-2) and the beams and slabs show a 
recovery of at least 75 percent of the observed deflection within 24 hours afte: removal of the load. 
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D = 4,000t 

(6-1) 

(6-2) 

2106.1.11 Reuse of masonry units. Masonry units may be reused when clean, whole and con­
forming to the other requirements of this section. All structural properties of masonry of reclaimed 
units shall be determined by approved test. 

2106.1.12 Special provisions in areas of seismic risk. 

2106.1.12.1 General. Masonry structures constructed in the seismic zones shown in Figure 16-2 
shall be designed in accordance with the design requirements of this chapter and the special provi­
sions for each seismic zone given in this section. 

2106.1.12.2 Special provisions for Seismic Zones 0 and 1. There are no special design and 
construction provisions in this section for structures built in Seismic Zones 0 and 1. 

2106.1.12.3 Special provisions for Seismic Zone 2. Masonry structures in Seismic Zone 2 shall 
comply with the following special provisions: 

1. Columns shall be reinforced as specified in Sections 2106.3.6, 2106.3.7 anc: 2107.2.13. 

2. Vertical wall reinforcement of at least 0.20 square inch (130 mm2) in cross-sectional area shall 
be provided continuously from support to support at each comer, at each side of each opening, at the 
ends of walls and at maximum spacing of 4 feet ( 1219 mm) apart horizontally throughout walls. 

3. Horizontal wall reinforcement not less than 0.2 square inch (130 mm2) in crm.s-sectional area 
shall be provided (1) at the bottom and top of wall openings and shall extend not less than 24 inches 
(610 mm) or less than 40 bar diameters past the opening, (2) continuously at structurally connected 
roof and floor levels and at the top of walls, (3) at the bottom of walls or in the top of foundations 
when doweled in walls, and (4) at maximum spacing of 10 feet (3048 mm) unless uniformly distrib­
uted joint reinforcement is provided. Reinforcement at the top and bottom of openings when contin­
uous in walls may be used in determining the maximum spacing specified in Item I of this 
paragraph. 

4. Where stack bond is used, the minimum horizontal reinforcement ratio shall b~ 0.0007bt. This 
ratio shall be satisfied by uniformly distributed joint reinforcement or by horizontal reinforcement 
spaced not over 4 feet (1219 mm) and fully embedded in grout or mortar. 

5. The following materials shall not be used as part of the vertical or lateral load-resisting sys­
tems: Type 0 mortar, masonry cement, plastic cement, nonloadbearing masonry units and glass 
block. 

2106.1.12.4 Special provisions for Seismic Zones 3 and 4. All masonry structures built in Seis­
mic Zones 3 and 4 shall be designed and constructed in accordance with requirements for Seismic 
Zone 2 and with the following additional requirements and limitations: 

EXCEPTION: One- and two-story structures of Group R, Division 3 and Group M O;cupancies in Seis­
mic Zone 3 in which the h'lt ratio of masonry walls does not exceed 27 and running bond construction is used 
may be constructed in accordance with the requirements of Seismic Zone 2. 

1. Column reinforcement. The spacing of column ties shall not be more than 8 inches (203 
mm) the full column height for columns stressed by tensile or compressive axial O'<ertuming forces 
due to the seismic loads of Part III of Chapter 16; 8 inches (203 mm) for the tops and bottoms of all 
other columns for a distance of one sixth of the clear column height, but not less tha:1 18 inches (457 
mm) or the maximum column dimension. Tie spacing for the remaining column height shall not 
exceed 16 bar diameters, 48 tie diameters, the least column dimension, nor 18 in;hes (457 mm). 
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Column ties shall terminate with a minimum 135-degree bend with a six-bar diameter, but not I 
less than 4-inch (102 mm) extension that engages the longitudinal column reinforcement and proj­
ects into the interior of the column. Bends shall comply with Section 2107.2.2.5, Item 3. 

EXCEPTION: Where the ties are placed in the horizontal bed joints, the hook m1y consist of a 90-degree 
bend having a radius of not less than four tie diameters plus an extension of 32 tie diameters. 

2. Walls. 

2.1 Reinforcement. The portion of the reinforcement required to resist shear shall be uni­
formly distributed and shall be joint reinforcement, deformed ba.rs or a combination 
thereof. The spacing of reinforcement in each direction shall not exceed one half the 
length of the element, nor one half the height of the element, nor 48 inches (1219 mm). 

Joint reinforcement used in exterior walls and considered in the :ietermination of the 
shear strength of the member shall be hot-dipped galvanized in accordance with U.B.C. 
Standard 21-10. 

Reinforcement required to resist in-plane shear shall be terminated with a standard hook I 
as defined in Section 2107.2.2.5 or with an extension of proper embedment length 
beyond the reinforcement at the end of the wall section. The hook or extension may be 
turned up, down or horizontally. Provisions shall be made not to obstruct grout place­
ment. Wall reinforcement terminating in columns or beams shall be fully anchored into 
these elements. 

2.2 Bond. Multi wythe grouted masonry shear walls shall be designed with consideration of 
the adhesion bond strength between the grout and masonry units. When bond strengths 
are not known from previous tests, the bond strength shall be determined by tests. 

2.3 Wall reinforcement. All walls shall be reinforced with both vertical and horizontal 
reinforcement. The sum of the areas of horizontal and vertical reinforcement shall be at 
least 0.002 times the gross cross-sectional area of the wall, and the minimum area of rein­
forcement in either direction shall not be less than 0.0007 times the gross cross-sectional 
area of the wall. The minimum steel requirements for Seismic Zone 2 in Section 
21 06.1.12.3, Items 2 and 3, may be included in the sum. The spacing of reinforcement 
shall not exceed 4 feet ( 1219 mm). The diameter of reinforcement shall not be less than 
3/g inch (9.5 mm) except that joint reinforcement may be considered as a part or all of the 
requirement for minimum reinforcement. Reinforcement shall be continuous around 
wall comers and through intersections. Only reinforcement which is continuous in the 
wall or element shall be considered in computing the minimum area of reinforcement. 
Reinforcement with splices conforming to Section 2107 .2.2.6 shall be considered as con­
tinuous reinforcement. 

2.4 Stack bond. Where stack bond is used, the minimum horizontal reinforcement ratio 
shall be 0.0015bt. Where open-end units are used and grouted solid, the minimum hori­
zontal reinforcement ratio shall be 0.0001bt. 

Reinforced hollow-unit stacked bond construction which is part of the seismic-resisting 
system shall use open-end units so that all head joints are made solic, shall use bond beam 
units to facilitate the flow of grout and shall be grouted solid. 

3. Type N mortar. Type N mortar shall not be used as part of the vertical- or lateral-load-resist­
ing system. 

4. Concrete abutting structural masonry. Concrete abutting structural masonry, such as at 
starter courses or at wall intersections not designed as true separation joints, shall be roughened to a 
full amplitude of 1/16 inch (1.6 mm) and shall be bonded to the masonry in accordance with the 
requirements of this chapter as if it were masonry. Unless keys or proper reinf,Jrcement is provided, 
vertical joints as specified in Section 2106.1.4 shall be considered to be stack bond and the rein-
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forcement as required for stack bond shall extend through the joint and be anchored into the con­
crete. 

I 2106.2 Working Stress Design and Strength Design Requirements for Unreinforced and 
Reinforced Masonry. 

2106.2.1 General. In addition to the requirements of Section 2106.1, the design of masonry struc­
tures by the working stress design method and strength design method shall comJiy with there­
quirements of this section. Additionally, the design of reinforced masonry stru :tures by these 
design methods shall comply with the requirements of Section 2106.3 

2106.2.2 Specified compressive strength of masonry. The allowable stresses for the design of 
masonry shall be based on a value off'm selected for the construction. 

Verification of the value of f'm shall be based on compliance with Section 2105.3. Unless other­
wise specified, f'm shall be based on 28-day tests. If other than a 28-day test age is used, the value of 
f'm shall be as indicated in design drawings or specifications. Design drawings shal show the value 
of f'm for which each part of the structure is designed. 

2106.2.3 Effective thickness. 

2106.2.3.1 Single-wythe walls. The effective thickness of single-wythe walls of either solid or 
hollow units is the specified thickness of the wall. 

2106.2.3.2 Multi wythe walls. The effective thickness of multi wythe walls is the specified thick­
ness of the wall if the space between wythes is filled with mortar or grout. For wa :Js with an open 
space between wythes, the effective thickness shall be determined as for cavity walls. 

2106.2.3.3 Cavity walls. Where both wythes of a cavity wall are axially loaded, (ach wythe shall 
be considered to act independently and the effective thickness of each wythe is as defined in Section 
2106.2.3.1. Where only one wythe is axially loaded, the effective thickness of the cavity wall is 
taken as the square root of the sum of the squares of the specified thicknesses of ':he wythes. 

Where a cavity wall is composed of a single wythe and a multiwythe, and both :;ides are axially 
loaded, each side of the cavity wall shall be considered to act independently and the effective thick­
ness of each side is as defined in Sections 21 06.2.3.1 and 21 06.2.3.2. Where only one side is axially 
loaded, the effective thickness of the cavity wall is the square root of the sum of the squares of the 
specified thicknesses of the sides. 

2106.2.3.4 Columns. The effective thickness for rectangular columns in the direction considered 
is the specified thickness. The effective thickness for nonrectangular columns is the thickness of the 
square column with the same moment of inertia about its axis as that about the axis considered in the 
actual column. 

2106.2.4 Effective height. The effective height of columns and walls is at least the clear height of 
members laterally supported at the top and bottom in a direction normal to the member axis consid­
ered. For members not supported at the top normal to the axis considered, the effective height is 
twice the height of the member above the support. Effective height less than clear height may be 
used if justified. 

2106.2.5 Effective area. The effective cross-sectional area shall be based 011 the minimum 
bedded area of hollow units, or the gross area of solid units plus any grouted area. Where hollow 
units are used with cells perpendicular to the direction of stress, the effective area shall be the lesser 
of the minimum bedded area or the minimum cross-sectional area. Where bed joints are raked, the 
effective area shall be correspondingly reduced. Effective areas for cavity walls shall be that of the 
loaded wythes. 

2106.2.6 Effective width of intersecting walls. Where a shear wall is anchored t,J an intersecting 
wall or walls, the width of the overhanging flange formed by the intersected wall on either side of 
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the shear wall, which may be assumed working with the shear wall for purposes of flexural stiffness 
calculations, shall not exceed six times the thickness of the intersected wall. Limits of the effective 
flange may be waived if justified. Only the effective area of the wall parallel to the shear forces may 
be assumed to carry horizontal shear. 

2106.2.7 Distribution of concentrated vertical loads in walls. The length of wall laid up in run­
ning bond which may be considered capable of working at the maximum allowable compressive 
stress to resist vertical concentrated loads shall not exceed the center-to-center distance between 
such loads, nor the width of bearing area plus four times the wall thickness. Concentrated vertical 
loads shall not be assumed to be distributed across continuous vertical mortar or control joints 
unless elements designed to distribute the concentrated vertical loads are employed. 

2106.2.8 Loads on nonbearing walls. Masonry walls used as interior partitions or as exterior sur­
faces of a building which do not carry vertical loads imposed by other element:; of the building shall 
be designed to carry their own weight plus any superimposed finish and Iater:ll forces. Bonding or 
anchorage of nonbearing walls shall be adequate to support the walls and to transfer lateral forces to 
the supporting elements. 

2106.2.9 Vertical deflection. Elements supporting masonry shall be designed so that their verti­
cal deflection will not exceed 1t60o of the clear span under total loads. Lintels :;hall bear on support­
ing masonry on each end such that allowable stresses in the supporting masonry are not exceeded. A 
minimum bearing length of 4 inches ( 102 mm) shall be provided for lintels bearing on masonry. 

2106.2.10 Structural continuity. Intersecting structural elements intended to act as a unit shall 
be anchored together to resist the design forces. 

2106.2.11 Walls intersecting with floors and roofs. Walls shall be anchored to all floors, roofs or 
other elements which provide lateral support for the wall. Where floors or roofs are designed to 
transmit horizontal forces to walls, the anchorage to such walls shall be designed to resist the hori­
zontal force. 

2106.2.12 Modulus of elasticity of materials. 

2106.2.12.1 Modulus of elasticity of masonry. The moduli for masonry may be estimated as 
provided below. Actual values, where required, shall be established by test. The modulus of elastic­
ity of masonry shall be determined by the secant method in which the slope of the line for the modu­
lus of elasticity is taken from 0.05 f'm to a point on the curve at 0.33 f'm. The:;e values are not to be 
reduced by one half as set forth in Section 2107.1.2. 

Modulus of elasticity of clay or shale unit masonry. 

Em = 750 f'm, 3,000,000 psi (20.5 GPa) maximum 

Modulus of elasticity of concrete unit masonry. 

Em = 750 f'm, 3,000,000 psi (20.5 GPa) maximum 

2106.2.12.2 Modulus of elasticity of steel. 

E8 = 29,000,000 psi (200 GPa) 

2106.2.13 Shear modulus of masonry. 

G= 0.4Em 

2106.2.14 Placement of embedded anchor bolts. 

(6-3) 

(6-4) 

(6-5) 

(6-6) 

2106.2.14.1 General. Placement requirements for plate anchor bolts, headed anchor bolts and 
bent bar anchor bolts shall be determined in accordance with this subsection. The bent bar anchor 
bolt shall have a hook with a 90-degree bend with an inside diameter of three bolt diameters, plus an 
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extension of 11/2 bolt diameters at the free end. Headed anchor bolts shall have a sta1dard bolt head. 
Plate anchor bolts shall have a plate welded to the shank to provide anchorage equivalent to headed 
anchor bolts. 

The effective embedment depth lb for plate or headed anchor bolts shall be the length of embed­
ment measured perpendicular from the surface of the masonry to the bearing surface of the plate or 
head of the anchorage, and lb for bent bar anchors shall be the length of embedment measured per­
pendicular from the surface of the masonry to the bearing surface of the bent end minus one anchor 
bolt diameter. All bolts shall be grouted in place with at least 1 inch (25 mm) of gr:mt between the 
bolt and the masonry, except that 1/4-inch-diameter (6.4 mm) bolts may be placed in bed joints 
which are at least 1/2 inch (13 mm) in thickness. 

2106.2.14.2 Minimum edge distance. The minimum anchor bolt edge distance lbe measured 
from the edge of the masonry parallel with the anchor bolt to the surface of the anc:1or bolt shall be 
11h inches (38 mm). 

2106.2.14.3 Minimum embedment depth. The minimum embedment depth of anchor bolts lb 
shall be four bolt diameters but not less than 2 inches (51 mm). 

2106.2.14.4 Minimum spacing between bolts. The minimum center-to-center distance between 
anchor bolts shall be four bolt diameters. 

2106.2.15 Flexural resistance of cavity walls. For computing the flexural resi>tance of cavity 
walls, lateral loads perpendicular to the plane of the wall shall be distributed to the wythes accord­
ing to their respective flexural rigidities. 

2106.3 Working Stress Design and Strength Design Requirements for Reinf(•rced Masonry. 

2106.3.1 General. In addition to the requirements of Sections 2106.1 and 2106.2, the design of 
reinforced masonry structures by the working stress design method or the strength design method 
shall comply with the requirements of this section. 

2106.3.2 Plain bars. The use of plain bars larger than 1/4 inch (6.4 mm) in diameter is not per­
mitted. 

2106.3.3 Spacing of longitudinal reinforcement. The clear distance between parallel bars, 
except in columns, shall not be less than the nominal diameter of the bars or I inch ~25 mm), except 
that bars in a splice may be in contact. This clear distance requirement applies to the clear distance 
between a contact splice and adjacent splices or bars. 

The clear distance between the surface of a bar and any surface of a masonry unit shall not be less 
than 1/4 inch (6 mm) for fine grout and 1/2 inch (13 mm) for coarse grout. Cross web:; of hollow units 
may be used as support for horizontal reinforcement. 

2106.3.4 Anchorage of flexural reinforcement. The tension or compression in any bar at any 
section shall be developed on each side of that section by the required development length. The 
development length of the bar may be achieved by a combination of an embedmen ~length, anchor­
age or, for tension only, hooks. 

Except at supports or at the free end of cantilevers, every reinforcing bar shall be extended 
beyond the point at which it is no longer needed to resist tensile stress for a distance equal to 12 bar 
diameters or the depth of the beam, whichever is greater. No flexural bar shall be terminated in a 
tensile zone unless at least one of the following conditions is satisfied: 

I. The shear is not over one half that permitted, including allowance for she~ r reinforcement 
where provided. 

2. Additional shear reinforcement in excess of that required is provided each wa:r from the cutoff 
a distance equal to the depth of the beam. The shear reinforcement spacing shall not exceed dl8rn. 

3. The continuing bars provide double the area required for flexure at that point or double the 
perimeter required for reinforcing bond. 
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At least one third of the total reinforcement provided for negative moment at the support shall be 
extended beyond the extreme position of the point of inflection a distance sufficient to develop one 
half the allowable stress in the bar, not less than 1/16 of the clear span, or the dfpth d of the member, 
whichever is greater. 

Tensile reinforcement for negative moment in any span of a continuous re~:trained or cantilever 
beam, or in any member of a rigid frame, shall be adequately anchored by reinforcement bond, 
hooks or mechanical anchors in or through the supporting member. 

At least one third of the required positive moment reinforcement in simple beams or at the freely 
supported end of continuous beams shall extend along the same face of the beam into the support at 
least 6 inches ( 153 mm). At least one fourth of the required positive moment reinforcement at the 
continuous end of continuous beams shall extend along the same face of the beam into the support at 
least 6 inches (153 mm). 

Compression reinforcement in flexural members shall be anchored by ties or stirrups not less 
than IJ4 inch (6.4 mm) in diameter, spaced not farther apart than 16 bar diameters or 48 tie diame­
ters, whichever is less. Such ties or stirrups shall be used throughout the dist<mce where compres­
sion reinforcement is required. 

2106.3.5 Anchorage of shear reinforcement. Single, separate bars used a5 shear reinforcement 
shall be anchored at each end by one of the following methods: 

I. Hooking tightly around the longitudinal reinforcement through 180 degrees. 

2. Embedment above or below the mid-depth of the beam on the compression side a distance 
sufficient to develop the stress in the bar for plain or deformed bars. 

3. By a standard hook, as defined in Section 2107.2.2.5, considered as dev~loping 7,500 psi (52 
MPa), plus embedment sufficient to develop the remainder of the stress to which the bar is sub­
jected. The effective embedded length shall not be assumed to exceed the distance between the mid­
depth of the beam and the tangent of the hook. 

The ends of bars forming a single U or multiple U stirrup shall be anchored hy one of the methods 
set forth in Items I through 3 above or shall be bent through an angle of at least 90 degrees tightly 
around a longitudinal reinforcing bar not less in diameter than the stirrup bar, and shall project 
beyond the bend at least 12 stirrup diameters. 

The loops or closed ends of simple U or multiple U stirrups shall be anchored by bending around 
the longitudinal reinforcement through an angle of at least 90 degrees and project beyond the end of 
the bend at least 12 stirrup diameters. 

2106.3.6 Lateral ties. All longitudinal bars for columns shall be enclosed by lateral ties. Lateral 
support shall be provided to the longitudinal bars by the comer of a complete tie having an included 
angle of not more than 135 degrees or by a standard hook at the end of a tie. The comer bars shall 
have such support provided by a complete tie enclosing the longitudinal bars. Alternate longitudi­
nal bars shall have such lateral support provided by ties and no bar shall be fart1er than 6 inches (153 
mm) from such laterally supported bar. 

Lateral ties and longitudinal bars shall be placed not less than Jl/2 inches (:38 mm) and not more 
than 5 inches (127 mm) from the surface of the column. Lateral ties may be placed against the longi­
tudinal bars or placed in the horizontal bed joints where the requirements of Section 2106.1.8 are 
met. Spacing of ties shall not exceed 16 longitudinal bar diameters, 48 tie diameters or the least 
dimension of the column but not more than 18 inches (457 mm). 

Ties shall be at least IJ4 inch (6.4 mm) in diameter for No.7 or smaller longitudinal bars and at 
least No.3 for longitudinal bars larger than No.7. Ties smaller than No.3 may be used for longitudi­
nal bars larger than No. 7, provided the total cross-sectional area of such smaller ties crossing a lon­
gitudinal plane is equal to that of the larger ties at their required spacing. 

2106.3.7 Column anchor bolt ties. Additional ties shall be provided around anchor bolts which 
are set in the top of columns. Such ties shall engage at least four bolts or, alternately, at least four 
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vertical column bars or a combination of bolts and bars totaling at least four. Such ties shall be 
located within the top 5 inches (127 mm) of the column and shall provide a total of 0.4 square inch 
(260 mm2) or more in cross-sectional area. The uppermost tie shall be within 2 inches (51 mm) of 
the top of the column. 

2106.3.8 Effective width b of compression area. In computing flexural stresses in walls where 
reinforcement occurs, the effective width assumed for running bond masonry shall not exceed six 
times the nominal wall thickness or the center-to-center distance between reinforcement. Where 
stack bond is used, the effective width shall not exceed three times the nominal wall thickness or the 
center-to-center distance between reinforcement or the length of one unit, unless solid grouted 
open-end units are used. 

I SECTION 2107 - WORKING STRESS DESIGN OF MASONRY 

2107.1 General. 

2107.1.1 Scope. The design of masonry structures using working stress design shall comply with 
the provisions of Section 2106 and this section. Stresses in clay or concrete masomy under service 
loads shall not exceed the values given in this section. 

1
2107.1.2 Allowable masonry stresses. When quality assurance provisions do not include re­
quirements for special inspection as prescribed in Section 1701, the allowable stresses for masonry 
in Section 2107 shall be reduced by one half. 

When one half allowable masonry stresses are used in Seismic Zones 3 and 4, the value of I'm 
from Table 21-D shall be limited to a maximum of 1,500 psi (10 MPa) for concrete masonry and 
2,600 psi (18 MPa) for clay masonry unless the value off'm is verified by tests in accordance with 
Section 21 05.3.4, Items I and 4 or 6. A letter of certification is not required. 

When one half allowable masonry stresses are used for design in Seismic Zones 3 and 4, the value 
off'm shall be limited to 1,500 psi (10 MPa) for concrete masonry and 2,600 psi (18 MPa) for clay 
masonry for Section 2105.3.2,1tem 3, and Section 2105.3.3,1tem 5, unless the val lie of/'m is veri­
fied during construction by the testing requirements of Section 2105.3.2,1tem 2. A letter of certifi­
cation is not required. 

2107.1.3 Minimum dimensions for masonry structures built in Seismic Zom~s 3 and 4. 

2107.1.3.1 Bearing walls. The nominal thickness of reinforced masonry bearing walls shall not 
be less than 6 inches (153 mm) except that nominal4-inch-thick (102 mm) load-bearing reinforced 
hollow-clay unit masonry walls may be used, provided net area unit strength exceeds 8,000 psi (55 
MPa), units are laid in running bond, bar sizes do not exceed 1h inch (12.7 mm) w th no more than 
two bars or one splice in a cell, and joints are flush cut, concave or a protruding V section. 

2107.1.3.2 Columns. The least nominal dimension of a reinforced masonry collmn shall be 12 
inches (305 mm) except that, for working stress design, if the allowable stresses are reduced by one 
half, the minimum nominal dimension shall be 8 inches (203 mm). 

2107.1.4 Design assumptions. The working stress design procedure is based on working stresses 
and linear stress-strain distribution assumptions with all stresses in the elastic range as follows: 

I. Plane sections before bending remain plane after bending. 

2. Stress is proportional to strain. 

3. Masonry elements combine to form a homogenous member. 

2107.1.5 Embedded anchor bolts. 

2107.1.5.1 General. Allowable loads for plate anchor bolts, headed anchor bolts and bent bar 
anchor bolts shall be determined in accordance with this section. 
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2107.1.5.2 Tension. Allowable loads in tension shall be the lesser value ~elected from Tables 
21-E-1 and 21-E-2 or shall be determined from the lesser of Formula (7-1) c•r Formula (7-2). 

B, = 0.5Apffm (7-1) 

For SI: B, = 0.042 AP ffm 

B, = 0.2A,f, (7-2) 

The area Ap shall be the lesser of Formula (7-3) or Formula (7-4) and where ~he projected areas of 
adjacent anchor bolts overlap, Ap of each anchor bolt shall be reduced by one h1lf of the overlapping 
area. 

AP = :rclb 2 

AP = :rclb, 2 

(7-3) 

(7-4) 

2107.1.5.3 Shear. Allowable loads in shear shall be the value selected from Table 21-F or shall be 
determined from the lesser of Formula (7-5) or Formula (7-6). 

For SI: 

350 '!/J'mAb 

1070 '!/J'mAb 

Bv = 0.12Ah[, 

(7-5) 

(7-6) 

Where the anchor bolt edge distance lbe in the direction of load is Jess than 12 bolt diameters, the 
value of Bv in Formula (7-5) shall be reduced by linear interpolation to zero at :1n lbe distance of 11/2 
inches (38 mm). Where adjacent anchors are spaced closer than 8db, the allowable shear of the adja­
cent anchors determined by Formula (7-5) shall be reduced by linear interpolation to 0.75 times the 
allowable shear value at a center-to-center spacing of four bolt diameters. 

2107.1.5.4 Combined shear and tension. Anchor bolts subjected to combined shear and tension 
shall be designed in accordance with Formula (7-7). 

:: + :: ~ 1.0 (7-7) 

2107.1.6 Compression in walls and columns. 

2107.1.6.1 Walls, axial loads. Stresses due to compressive forces applied at the centroid of wall 
may be computed by Formula (7-8) assuming uniform distribution over the effective area. 

fa= p !Ae (7-8) 

2107.1.6.2 Columns, axial loads. Stresses due to compressive forces applied at the centroid of 
columns may be computed by Formula (7-8) assuming uniform distribution o·;er the effective area. 

2107.1.6.3 Columns, bending or combined bending and axial loads. Str:::sses in columns due 
to combined bending and axial loads shall satisfy the requirements of Section 2107.2.7 where fa/ Fa 
is replaced by P!Pa. Columns subjected to bending shall meet all applicable requirements for flexu­
ral design. 

2107.1.7 Shear walls, design loads. When calculating shear or diagonal tension stresses, shear 
walls which resist seismic forces in Seismic Zones 3 and 4 shall be designed to resist 1.5 times the 
forces required by Section 1628. 
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2107.1.8 Design, composite construction. 

2107.1.8.1 General. The requirements of this section govern masonry in which at least one wythe 
has strength or composition characteristics different from the other wythe or wythes and is ade­
quately bonded to act as a single structural element. 

The following assumptions shall apply to the design of composite masonry: 

1. Analysis shall be based on elastic transformed section of the net area. 

2. The maximum computed stress in any portion of composite masonry shall not exceed the 
allowable stress for the material of that portion. 

2107.1.8.2 Determination of moduli of elasticity. The modulus of elasticity of each type of 
masonry in composite construction shall be measured by tests if the modular ratio of the respective 
types of masonry exceeds 2 to 1 as determined by Section 21 06.2.12. 

2107.1.8.3 Structural continuity. 

2107.1.8.3.1 Bonding of wythes. All wythes of composite masonry elements shall be tied 
together as specified in Section 21 06.1.5.2 as a minimum requirement. Additional ties or the com­
bination of grout and metal ties shall be provided to transfer the calculated stress. 

2107.1.8.3.2 Material properties. The effect of dimensional changes of the vnrious materials 
and different boundary conditions of various wythes shall be included in the desi:5n. 

2107.1.8.4 Design procedure, transformed sections. One material is chosen as the reference 
material, and the other materials are transformed to an equivalent area of the reference material by 
multiplying the area of the other materials by the respective ratios of the modulus of elasticity of the 
other materials to that of the reference material. Thickness of the transformed area and its distance 
perpendicular to a given bending axis remain unchanged. Effective height or length of the element 
remains unchanged. 

2107.1.9 Reuse of masonry units. The allowable working stresses for reused ma:;onry units shall 
not exceed 50 percent of those permitted for new masonry units of the same properties. 

I 2107.2 Design of Reinforced Masonry. 

2107.2.1 Scope. The requirements of this section are in addition to the requirem~nts of Sections 
21 06 and 2107.1, and govern masonry in which reinforcement is used to resist forces. 

Walls with openings used to resist lateral loads whose pier and beam elements are within the 
dimensional limits of Section 21 08.2.6.1.2 may be designed in accordance with Section 21 08.2.6. 
Walls used to resist lateral loads not meeting the dimensional limits of Section 21 OH.2.6.1.2 may be 
designed as walls in accordance with this section or Section 2108.2.5. 

2107.2.2 Reinforcement. 

2107.2.2.1 Maximum reinforcement size. The maximum size of reinforcement shall be No. 11 
bars. Maximum reinforcement area in cells shall be 6 percent of the cell area without splices and 12 
percent of the cell area with splices. 

2107.2.2.2 Cover. All reinforcing bars, except joint reinforcement, shall be completely 
embedded in mortar or grout and have a minimum cover, including the masonry unit, of at least 
3/4 inch (19 mm), 11/2 inches (38 mm) of cover when the masonry is exposed to wea1.her and 2 inches 
(51 mm) of cover when the masonry is exposed to soil. 

2107.2.2.3 Development length. The required development length ld for deformed bars or de­
formed wire shall be calculated by: 

For SI: 
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ld = 0.0015 dbfs for bars in compression (7-10) 

For SI: ld = 0.22 dbfs for bars in compression 

Development length for smooth bars shall be twice the length determined by Formula (7-9). 

2107.2.2.4 Reinforcement bond stress. Bond stress u in reinforcing bars sha II not exceed the fol­
lowing: 

Plain Bars 
Deformed Bars 

Deformed Bars without Special Inspection 

2107.2.2.5 Hooks. 

1. The term "standard hook" shall mean one of the following: 

60 psi (413 kPa) 

200 psi (1378 kPa) 

100 psi (689 kPa) 

1.1 A 180-degree tum plus extension of at least four bar diameters, but not less than 21 1z 
inches (63 mm) at free end of bar. 

1.2 A 90-degree tum plus extension of at least 12 bar diameters at free end of bar. 

1.3 For stirrup and tie anchorage only, either a 90-degree or a 135-degree tum, plus an exten­
sion of at least six bar diameters, but not less than 21/z inches (63 mm) at the free end of 
the bar. 

2. Inside diameter of bend of the bars, other than for stirrups and ties, shallnJt be less than that set 
forth in Table 21-G. 

3. Inside diameter of bend for No. 5 or smaller stirrups and ties shall not be less than four bar I 
diameters. Inside diameter of bend for bars larger than No. 5 stirrups and ties shall not be less than 
that given in Table 21-G. 

4. Hooks shall not be permitted in the tension portion of any beam, except at the ends of simple or 
cantilever beams or at the freely supported end of continuous or restrained beams. 

5. Hooks shall not be assumed to carry a load which would produce a tensile stress in the bar 
greater than 7,500 psi (52 MPa). 

6. Hooks shall not be considered effective in adding to the compressive resistance of bars. 

7. Any mechanical device capable of developing the strength of the bar v. ithout damage to the 
masonry may be used in lieu of a hook. Data must be presented to show the adequacy of such 
devices. 

2107.2.2.6 Splices The amount of lap of lapped splices shall be sufficient to t.ransfer the allowable 
stress of the reinforcement as specified in Sections 2106.3.4, 2107.2.2.3 and :~1 07.2.12. In no case 
shall the length of the lapped splice be less than 30 bar diameters for compres~•ion and 40 bar diam­
eters for tension. 

Welded or mechanical connections shall develop 125 percent of the specified yield strength of 
the bar in tension. 

EXCEPTION: For compression bars in columns that are not part of the seismic-resisting system and are 
not subject to flexure, only the compressive strength need be developed. 

When adjacent splices in grouted masonry are separated by 3 inches (76 mrn) or less, the required 
lap length shall be increased 30 percent. 

EXCEPTION: Where lap splices are staggered at least 24 bar diameters, no in:rease in lap length is re­
quired. 

See Section 2107.2.12 for lap splice increases. 

2107.2.3 Design assumptions. The following assumptions are in addition to those stated in Sec­
tion 2107.1.4: 
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1. Masonry carries no tensile stress. 

2. Reinforcement is completely surrounded by and bonded to masonry material so that they 
work together as a homogenous material within the range of allowable working stresses. 

2107.2.4 Nonrectangular flexural elements. Flexural elements of nonrectangular cross section 
shall be designed in accordance with the assumptions given in Sections 2107.1.4 and 2107.2.3. 

2107.2.5 Allowable axial compressive stress and force. For members other than reinforced 
masonry columns, the allowable axial compressive stress Fa shall be determined as follows: 

F. ~ 0.25/' .[I -( 1:;,)'] fo< h' /' .;; 99 (7-11) 

2 

Fa = 0.25f' me~r) for h' /r > 99 (7-12) 

For reinforced masonry columns, the allowable axial compressive force Pa shall be determined 
as follows: 

Pa = [0.25/',A, + 0.65A 5F,,{ 1- ( 1 ~~rf] forh'/r ::5 99 (7-13) 

2 

P. = [0.25f' ,A, + o.65A.,F .• ,Jeh~r) for h' /r > 99 (7-14) 

2107.2.6 Allowable flexural compressive stress. The allowable flexural compressive stress Fh 
is: 

Fh = 0.33f~, 2,000 psi (13.8 MPa) maximum (7-15) 

2107.2.7 Combined compressive stresses, unity formula. Elements subjecwd to combined 
axial and flexural stresses shall be designed in accordance with accepted principles of mechanics or 
in accordance with Formula (7-16): 

fa+Jb< 1 
Fa Fh -

(7-16) 

2107.2.8 Allowable shear stress in flexural members. Where no shear reinfcrcement is pro­
vided, the allowable shear stress Fv in flexural members is: 

Fv = 1.0 ffm, 50 psi maximum (7-17) 

For SI: Fv = 0.083 ffm, 345 kPa maximum 
EXCEPTION: For a distance of lfl6 the clear span beyond the point of inflection, the m1ximum stress shall 

be 20 psi (140 kPa). 

Where shear reinforcement designed to take entire shear force is provided, the allowable shear 
stress Fv in flexural members is: 

Fv = 3.0 ffm, 150 psi maximum (7-18) 

For SI: Fv = 0.25 ffm, 1.0 MPa maximum 

2107.2.9 Allowable shear stress in shear walls. Where in-plane flexural reinforcement is pro­
vided and masonry is used to resist all shear, the allowable shear stress Fv in shear walls is: 
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ForSI: 

For M!Vd < 1, Fv = 1/3 ( 4 - ~) ffm, ( 80- 45 ~)maximum 

Fv= 1h6 (4- ~) JF:,, (551.2- 310~) maximum 

For M/Vd;::: 1, Fv = 1.0 .[f:, 35 psi maximum 

For SI: Fv = 1/12 .[i':, 240 kPa maximum 

(7-19) 

(7-20) 

Where shear reinforcement designed to take all the shear is provided, the allowable shear stress 
Fv in shear walls is: 

For M/Vd < 1, Fv = 1/z ( 4 - ~) ffm, ( 120 - 45 ~) maxi:num 

For SI: For M/Vd < 1, Fv = 1/24 ( 4- ~) .[f:, ( 826.8 - 310 ~) rraximum 

For M!Vd ;::: 1, Fv = 1.5 .[i':, 75 psi maximum 

For SI: For M/Vd;::: 1, Fv = 0.12 .[i':, 520 kPa maximum 

(7-21) 

(7-22) 

2107.2.10 Allowable bearing stress. When a member bears on the full ar~a of a masonry ele­
ment, the allowable bearing stress Fbr is: 

Fbr = 0.26 f'm (7-23) 

When a member bears on one third or less of a masonry element, the allowable bearing stress Fbr 
is: 

Fbr = 0.38 f'm (7-24) 

Formula (7-24) applies only when the least dimension between the edges of the loaded and 
unloaded areas is a minimum of one fourth of the parallel side dimension of the loaded area. The 
allowable bearing stress on a reasonably concentric area greater than one thin: but less than the full 
area shall be interpolated between the values of Formulas (7-23) and (7-24). 

2107.2.11 Allowable stresses in reinforcement. The allowable stresses in reinforcement shall be 
as follows: 

1. Tensile stress, Fs. 

1.1 Deformed bars, 

F8 = 0.5/y. 24,000 psi (165 MPa) maximum 

1.2 Wire reinforcement, 

Fs = 0.5 /y. 30,000 psi (207 MPa) maximum 

1.3 Ties, anchors and smooth bars, 

Fs = 0.4 /y. 20,000 psi (138 MPa) maximum 

2. Compressive stress Fsc. Fs. 

2.1 Deformed bars in columns, 

Fsc = 0.4 /y. 24,000 psi ( 165 MPa) maximum 

2.2 Deformed bars in flexural members, 

(7-25) 

(7-26) 

(7-27) 

(7-28) 
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Fs = 0.5 fy. 24,000 psi (165 MPa) maximum (7-29) 

2.3 Deformed bars in shear walls which are confined by lateral ties throughout the distance 
where compression reinforcement is required and where such lateral ties are not less than 
1/4 inch in diameter and spaced not farther apart than 16 bar diameters or 48 tie diameters, 

F.rc = 0.4 /y. 24,000 psi (165 MPa) maximum (7-30) 

2107.2.12 Lap splice increases. In regions of moment where the design tensile stresses in the re­
inforcement are greater than 80 percent of the allowable steel tensile stress F.r. the lap length of 
splices shall be increased not less than 50 percent of the minimum required length. Other equivalent 
means of stress transfer to accomplish the same 50 percent increase may be used. 

2107.2.13 Reinforcement for columns. Columns shall be provided with reinforcement as speci­
fied in this subsection. 

2107.2.13.1 Vertical reinforcement. The area of vertical reinforcement shall not be less than 
0.005 Ae and not more than 0.04 Ae· At least four No. 3 bars shall be provided. The minimum clear 
distance between parallel bars in columns shall be two and one half times the bar diameter. 

2107.2.14 Compression in walls and columns. 

2107.2.14.1 General. Stresses due to compressive forces in walls and columns shall be calculated 
in accordance with Section 2107.2.5. 

2107.2.14.2 Walls, bending or combined bending and axial loads. Stresses in walls due to 
combined bending and axial loads shall satisfy the requirements of Section 2107.2.7 where fa is 
given by Formula (7-8). Walls subjected to bending with or without axial loads shall meet all appli­
cable requirements for flexural design. 

The design of walls with an h 'It ratio larger than 30 shall be based on forces and moments deter­
mined from an analysis of the structure. Such analysis shall consider the influence of axial loads and 
variable moment of inertia on member stiffness and fixed-end moments, effect of deflections on 
moments and forces and the effects of duration of loads. 

2107.2.15 Flexural design, rectangular flexural elements. Rectangular flexural elements shall 
be designed in accordance with the following formulas or other methods based on the assumptions 
given in Sections 2107.1.4, 2107.2.3 and this section. 

I. Compressive stress in the masonry: 

!b = b~2 (~) (7-31) 

2. Tensile stress in the longitudinal reinforcement: 

3. Design coefficients: 

k 

or 
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k 

j 
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(7-33) 

(7-34) 
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2107.2.16 Bond of flexural reinforcement. In flexural members in which tensile reinforcement 
is parallel to the compressive face, the bond stress shall be computed by the formula: 

v u = -- (7-36) 
Iojd 

2107.2.17 Shear in flexural members and shear walls. The shear stress in tlexural members and 
shear walls shall be computed by: 

fv = b~d (7-37) 

For members ofT or I section, b' shall be substituted for b. Where fv as computed by Formula 
(7-37) exceeds the allowable shear stress in masonry, Fv. web reinforcement !.hall be provided and 
designed to carry the total shear force. Both vertical and horizontal shear stresses shall be consid­
ered. 

The area required for shear reinforcement placed perpendicular to the longitudinal reinforcement 
shall be computed by: 

(7-38) 

Where web reinforcement is required, it shall be so spaced that every 45-degree line extending 
from a point at d/2 of the beam to the longitudinal tension bars shall be crossed by at least one line of 
web reinforcement. 

2107.3 Design of Unreinforced Masonry. 

2107.3.1 General. The requirements of this section govern masonry in which reinforcement is 
not used to resist design forces and are in addition to the requirements of Secti:ms 2106 and 2107.1. 

2107.3.2 Allowable axial compressive stress. The allowable axial compressive stress Fa is: 

F. ~ o.2sr. [, - ( ,Z~,l'] ro, h' ;, ~ 99 (7-39) 

2 

Fa = 0.25f'm C~') for h' /r > 99 (7-40) 

2107.3.3 Allowable flexural compressive stress. The allowable flexural compressive stress Fb 
is: 

Fb = 0.33f'm, 2,000 psi (13.8 MPa) maximum (7-41) 

2107.3.4 Combined compressive stresses, unity formula. Elements subjected to combined 
axial and flexural stresses shall be designed in accordance with accepted principles of mechanics or 
in accordance with the Formula (7-42): 

fa + Jb < 1 
Fa Fb -

(7-42) 

2107.3.5 Allowable tensile stress. Resultant tensile stress due to combined bending and axial 
load shall not exceed the allowable flexural tensile stress, F1• 

The allowable tensile stress for walls in flexure without tensile reinforcement using portland I 
cement and hydrated lime, or using mortar cement Type M or S mortar, shall not exceed the values 
in Table 21-1. 
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I Values in Table 21-1 for tension normal to head joints are for running bond; no tension is allowed 
across head joints in stack bond masonry. These values shall not be used for horizontal flexural 
members. 

2107.3.6 Allowable shear stress in flexural members. The allowable shear stre~•s Fv in flexural 
members is: 

Fv = 1.0 ffm, 50 psi maximum (7-43) 

For SI: Fv = 0.083 ffm, 345 kPa maximum 

EXCEPTION: For a distance of 1ft 6th the clear span beyond the point of inflection, tte maximum stress 
shall be 20 psi ( 138 kPa). 

2107.3.7 Allowable shear stress in shear walls. The allowable shear stress Fv in ;hear walls is as 
follows: 

I. Clay units, Fv = 0.3 ffm, 80 psi maximum (7-44) 

For SI: Fv = 0.025 ffm, 551 kPa maximum 

2. Concrete units with Type M or S mortar, Fv = 34 psi (234 kPa) maximum. 

3. Concrete units with Type N mortar, Fv = 23 psi (158 kPa) maximum. 

4. The allowable shear stress in unreinforced masonry may be increased by O.:!fmd· 

2107.3.8 Allowable bearing stress. When a member bears on the full area of a masonry element, 
the allowable bearing stress Fbr shall be: 

Fbr = 0.26/'m (7-45) 

When a member bears on one-third or less of a masonry element, the allowable b'~aring stress Fbr 
shall be: 

Fbr = 0.38 f'm (7-46) 

Formula (7-46) applies only when the least dimension between the edges of the loaded and 
unloaded areas is a minimum of one fourth of the parallel side dimension of the I :laded area. The 
allowable bearing stress on a reasonably concentric area greater than one third but ess than the full 
area shall be interpolated between the values of Formulas (7-45) and (7-46). 

2107.3.9 Bending or combined bending and axial loads, compressive stresse:>. Compressive 
stresses due to combined bending and axial loads shall satisfy the requirements of Section 2107 .3.4. 

2107.3.10 Compression in walls and columns. Stresses due to compressive forces in walls and 
columns shall be calculated in accordance with Section 2107.2.5. 

2107.3.11 Flexural design. Stresses due to flexure shall not exceed the values given in Sections 
2107.1.2, 2107.3.3 and 2107.3.5, where: 

fi, =Mel/ (7-47) 

2107.3.12 Shear in flexural members and shear walls. Shear calculations for flexural members 
and shear walls shall be based on Formula (7-48). 

fv=V!Ae (7-48) 

2107.3.13 Corbels. The slope of corbelling (angle measured from the horizontal to the face of the 
corbelled surface) of unreinforced masonry shall not be less than 60 degrees. 

The maximum horizontal projection of corbelling from the plane of the wall shall be such that 
allowable stresses are not exceeded. 
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2107.3.14 Stack bond. Masonry units laid in stack bond shall have longitudinal reinforcement of 
at least 0.00027 times the vertical cross-sectional area of the wall placed horizontally in the bed 
joints or in bond beams spaced vertically not more than 48 inches (1219 mrn) apart. 

SECTION 2108 - STRENGTH DESIGN OF MASONRY 

2108.1 General. 

2108.1.1 General provisions. The design of reinforced hollow-unit clay and concrete masonry 
structures using strength design shall comply with the provisions of Section 2106 and this section. 

EXCEPTION: Two-wythe solid-unit masonry may be used under Sections 210~.2.1 and 2108.2.4. 

2108.1.2 Quality assurance provisions. Special inspection during construction shall be pro­
vided as set forth in Section 1701.5, Item 7. 

The value of f'm shall be verified in accordance with Section 2105.3. 

2108.1.3 Required strength. The required strength shall be determined as follows: 

1. For earthquake loading, the load factors shall be: 

U = lA (D + L + E) 

U = 0.9D ± lAE 

2. Required strength U to resist dead load D and live load L shall be at le1st equal to: 

U =lAD+ 1.7L 

(8-1) 

(8-2) 

(8-3) 

3. If resistance to structural effects of a specified wind load Ware included in design, the follow­
ing combinations of D, Land W shall be investigated to determine the greatest required strength U. 

U = 0.75 (1.4D + 1.1L + 1.7W) (8-4) 

where load combinations shall include both full value and zero value of L to determine the more 
severe conditions, and 

U = 0.9D + l.3W (8-5) 

However, for any combination of D, L and W, required strength U shall not be less than the value 
determined from Formula (8-3). 

4. If resistance to earth pressure H is included in design, required strength U shall be at least 
equal to 

U = lAD + 1. 7 L + 1. 7 H (8-6) 

except that where D or L reduces the effect of H, 0.9D shall be substituted for lAD and zero value of 
L shall be used to determine the greatest required strength U. For any combi ~ation of D, L and H, 
required strength U shall not be less than the value determined from Formu.a (8-3). 

5. If resistance to loadings due to weight and pressure of fluids with well-defined densities and 
controllable maximum heights F is included in design, such loadings shall ha·•e a load factor of lA 
and be added to all loading combinations that include live load. 

6. If resistance to impact effects is taken into account in design, such effects shall be included 
with live load, L. 

7. Where structural effects T of differential settlement, creep, shrinkage or temperature change 
may be significant in design, required strength U shall be at least equal to: 

U = 0.75 (I AD+ l.4T + 1.7L) (8- 7) 
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but required strength U shall not be less than: 

U= 1.4 (D + D (8-8) 

2108.1.4 Design strength. Design strength is the nominal strength, multiplied by the strength­
reduction factor, <j>, as specified in this section. Masonry members shall be propor1 ioned such that 
the design strength exceeds the required strength. 

2108.1.4.1 Beams, piers and columns. 

2108.1.4.1.1 Flexure. Flexure with or without axial load, the value of <1> shall be determined from 
Formula (8-9): 

<I>= 0.8 - A Pfu' 
< m 

and 0.60 :::; <1> :::; 0.80 

2108.1.4.1.2 Shear. Shear: <1> = 0.60 

2108.1.4.2 Wall design for out-of-plane loads. 

2108.1.4.2.1 Walls with factored axial load of0.04f~ or less. 

Flexure: <1> = 0.80. 

2108.1.4.2.2 Walls with factored axial load greater than 0.04/~. 

Axial load and axial load with flexure: <1> = 0.80. 

Shear: <1> = 0.60. 

2108.1.4.3 Wall design for in-plane loads. 

2108.1.4.3.1 Axial load. Axial load and axial load with flexure: <1> = 0.65. 

(8-9) 

For walls with symmetrical reinforcement in which.fv does not exceed 60,000 psi (413 MPa), the 
value of <1> may be increased linearly to 0.85 as the vahie of <1> Pn decreases from 0. l 0 f~ A, or 0.25 
Pb to zero. 

For solid grouted walls, the value of Pb may be calculated by Formula (8-10) 

WHERE: 

ab = 0.85d {emu I [emu + ify I Es )] } 

2108.1.4.3.2 Shear. Shear: <1> = 0.60 

(8-10) 

(8-11) 

The value of <1> may be 0.80 for any shear wall when its nominal shear strength e ~ceeds the shear 
corresponding to development of its nominal flexural strength for the factored-Io.1d combination. 

2108.1.4.4 Moment-resisting wall frames. 

2108.1.4.4.1 Flexure with or without axial load. The value of <1> shall be as determined from For­
mula (8-12); however, the value of <1> shall not be less than 0.65 nor greater than 0.85. 

</> = 0.85 - 2(A~f' J (8-12) 

2108.1.4.4.2 Shear. Shear: <1> = 0.80 

2108.1.4.5 Anchor. Anchor bolts: <1> = 0.80 
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2108.1.4.6 Reinforcement. 

2108.1.4.6.1 Development. Development: <1> = 0.80 

2108.1.4.6.2 Splices. Splices: <1> = 0.80 

2108.1.5 Anchor bolts. 

:21 08.1.4.6-21 08.2.1.1 

2108.1.5.1 Required strength. The required strength of embedded anchor bolts shall be deter­
mined from factored loads as specified in Section 21 08.1.3. 

2108.1.5.2 Nominal anchor bolt strength. The nominal strength of anc:hor bolts times the 
strength-reduction factor shall equal or exceed the required strength. 

The nominal tensile capacity of anchor bolts shall be determined from the lesser of Formula 
(8-13) or (8-14). 

For SI: 

Bm = l.OAP ffm 
Brn = 0.084AP ffm 

Bm = 0.4Abfv 

(8-13) 

(8-14) 

The area Ap shall be the lesser of Formula (8-15) or (8-16) and where the projected areas of adja­
cent anchor bolts overlap, the value of Ap of each anchor bolt shall be reduc,~d by one half of the 
overlapping area. 

Ap = 1t tb2 

Ap = 1t lbe2 

(8-15) 

(8-16) 

The nominal shear capacity of anchor bolts shall be determined from the les:;er of Formula (8-17) 
or (8-18). 

ForSI: 

B.m = 900 if' m Ab 

B"'" = 2750 if' m Ab 

B.<n = 0.25Asfv 

(8-17) 

(8-18) 

Where the anchor bolt edge distance, lbe, in the direction of load is less than 12 bolt diameters, the 
value of Brn in Formula (8-17) shall be reduced by linear interpolation to zero at an lbe distance of 
11/z inches (38 mm). Where adjacent anchor bolts are spaced closer than 8db, the nominal shear 
strength of the adjacent anchors determined by Formula (8-17) shall be reduced by linear interpola­
tion to 0.75 times the nominal shear strength at a center-to-center spacing of four bolt diameters. 

Anchor bolts subjected to combined shear and tension shall be designed in accordance with For­
mula (8-19). 

~ + h ... < 10 
ifJBm ifJBsn - . (8-19) 

2108.1.5.3 Anchor bolt placement. Anchor bolts shall be placed so as to meet the edge distance, 
embedment depth and spacing requirements of Sections 2106.2.14.2, 2106.2.14.3 and 2106.2.14.4. 

2108.2 Reinforced Masonry. 

2108.2.1 General. 

2108.2.1.1 Scope. The requirements of this section are in addition to the reqllirements of Sections 
2106 and 2108.1 and govern masonry in which reinforcement is used to resist forces. 
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2108.2.1.2 Design assumptions. The following assumptions apply: 

Masonry carries no tensile stress greater than the modulus of rupture. 

Reinforcement is completely surrounded by and bonded to masonry material sc that they work 
together as a homogeneous material. 

Nominal strength of singly reinforced masonry wall cross sections to combined flexure and axial 
load shall be based on applicable conditions of equilibrium and compatibility of strains. Strain in 
reinforcement and masonry walls shall be assumed to be directly proportional to the distance from 
the neutral axis. 

Maximum usable strain, emu• at the extreme masonry compression fiber shall: 

l. Be 0.003 for the design of beams, piers, columns and walls. 

2. Not exceed 0.003 for moment-resisting wall frames, unless lateral reinforcement as defined in 
Section 21 08.2.6.2.6 is utilized. 

Strain in reinforcement and masonry shall be assumed to be directly proportional to the distance 
from the neutral axis. 

Stress in reinforcement below specified yield strengthfv for grade of reinforcemt:nt used shall be 
taken as£.,. times steel strain. For strains greater than that corresponding tofv, stn:ss in reinforce-
ment shall be considered independent of strain and equal to fY. · 

Tensile strength of masonry walls shall be neglected in flexural calculations of >trength, except 
when computing requirements for deflection. 

Relationship between masonry compressive stress and masonry strain may be assumed to be 
rectangular as defined by the following: 

Masonry stress of 0.85 f'm shall be assumed uniformly distributed over an equivalent compres­
sion zone bounded by edges of the cross section and a straight line located parallel to the neutral axis 
at a distance a= 0.85c from the fiber of maximum compressive strain. Distance c from fiber of max­
imum strain to the neutral axis shall be measured in a direction perpendicular to 1.hat axis. 

2108.2.2 Reinforcement requirements and details. 

2108.2.2.1 Maximum reinforcement. The maximum size of reinforcement shall be No. 9. The 
diameter of a bar shall not exceed one fourth the least dimension of a cell. No more than two bars 
shall be placed in a cell of a wall or a wall frame. 

2108.2.2.2 Placement. The placement of reinforcement shall comply with the following: 

In columns and piers, the clear distance between vertical reinforcing bars shall not be less than 
one and one-half times the nominal bar diameter, nor less than 11/ 2 inches (38 m:n). 

2108.2.2.3 Cover. All reinforcing bars shall be completely embedded in mortar or grout and shall 
have a cover of not less than 11/2 inches (38 mm) nor less than 2.5 db. 

2108.2.2.4 Standard hooks. A standard hook shall be one of the following: 

l. A 180-degree turn plus an extension of at least four bar diameters, but not less than 21 h inches 
(63 mm) at the free end of the bar. 

2. A 135-degree turn plus an extension of at least six bar diameters at the free end of the bar. 

3. A 90-degree turn plus an extension of at least 12 bar diameters. 

2108.2.2.5 Minimum bend diameter for reinforcing bars. Diameter of bend measured on the 
inside of a bar other than for stirrups and ties in sizes No. 3 through No. 5 shall nol be less than the 
values in Table 21-G. 

Inside diameter of bends for stirrups and ties shall not be less than 4db for No. 5 bars and smaller. 
For bars larger than No. 5, diameter of bend shall be in accordance with Table 21-G. 
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2108.2.2.6 Development. The calculated tension or compression reinforcement shall be devel­
oped in accordance with the following provisions: 

The embedment length of reinforcement shall be determined by Formula (8-20). 

(8-20) 

WHERE: 

(8-21) 

For SI: 

K shall not exceed 3db. 

The minimum embedment length of reinforcement shall be 12 inches (30 5 mm). 

2108.2.2.7 Splices. Reinforcement splices shall comply with one of the following: 

1. The minimum length of lap for bars shall be 12 inches (305 mm) or the length determined by 
Formula (8-22). 

(8-22) 

Bars spliced by noncontact lap splices shall be spaced transversely not farther apart than one fifth 
the required length of lap nor more than 8 inches (203 mm). 

2. A welded splice shall have the bars butted and welded to develop in tens on 125 percent of the 
yield strength of the bar,JY. 

3. Mechanical splices shall have the bars connected to develop in tension or compression, as 
required, at least 125 percent of the yield strength of the bar,JY. 

2108.2.3 Design of beams, piers and columns. 

2108.2.3.1 General. The requirements of this section are for the design of masonry beams, piers 
and columns. 

The value of f'm shall not be less than 1,500 psi (1 0.3 MPa). For computational purposes, the 
value off'm shall not exceed 4,000 psi (27.6 MPa). 

2108.2.3.2 Design assumptions. 

Member design forces shall be based on an analysis which considers the relative stiffness of 
structural members. The calculation of lateral stiffness shall include the contribution of all piers, 
beams and columns. 

The effects of cracking on member stiffness shall be considered. Unles:; stiffness values are 
obtained by a more comprehensive analysis, the effective moment of inertia shall be determined in 
accordance with Formula (8-23). 

(8-23) 

The drift ratio of piers and columns shall satisfy the limits specified in Chapter 16. 

2108.2.3.3 Balanced reinforcement ratio for compression limit state. Calculation of the bal­
anced reinforcement ratio, Ph· shall be based on the following assumptions: 
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l. The distribution of strain across the section shall be assumed to vary linearly from the maxi­
mum usable strain, emu• at the extreme compression fiber of the element, to a yield >train offv!E.r at 
the extreme tension fiber of the element. -

2. Compression forces shall be in equilibrium with the sum of tension forces in the reinforce­
ment and the maximum axial load associated with a loading combination l.OD + I.OL + ( 1.4£ or 
l.3W). 

3. The reinforcement shall be assumed to be uniformly distributed over the dept1 of the element 
and the balanced reinforcement ratio shall be calculated as the area of this reinforce nent divided by 
the net area of the element. 

4. All longitudinal reinforcement shall be included in calculating the balanced reinforcement 
ratio except that the contribution of compression reinforcement to resistance of compressive loads 
shall not be considered. 

2108.2.3.4 Required strength. Except as required by Sections 2108.2.3.6 through 2108.2.3.12, 
the required strength shall be determined in accordance with Section 2108.1.3. 

2108.2.3.5 Design strength. Design strength provided by beam, pier or column cross sections in 
terms of axial force, shear and moment shall be computed as the nominal strength multiplied by the 
applicable strength-reduction factor, <j>, specified in Section 21 08.1.4. 

2108.2.3.6 Nominal strength. 

2108.2.3.6.1 Nominal axial and flexural strength. The nominal axial strength, Pn, and the nom­
inal flexural strength, Mn, of a cross section shall be determined in accordance with the design 
assumptions of Section 2108.2.1.2 and 2108.2.3.2. 

The maximum nominal axial compressive strength shall be determined in accordance with For­
mula (8-24). 

Pn = 0.80[0.85f'm(Ae -As)+ f).As] (8-24) 

2108.2.3.6.2 Nominal shear strength. The nominal shear strength shall be determined in accor­
dance with Formula (8-25). 

(8-25) 

WHERE: 

(8-26) 

For SI: 

and 

(8-27) 

1. The nominal shear strength shall not exceed the value given in Table 21-J. 

2. The value of Vm shall be assumed to be zero within any region subjected to net tension fac­
tored loads. 

3. The value of Vm shall be assumed to be 25 psi (172 kPa) where Mu is greater than 0.7 Mn. The 
required moment, Mu, for seismic design for comparison with the 0.7 Mn value of this section shall 
be based on an Rw of 3. 

2108.2.3.7 Reinforcement. 

1. Where transverse reinforcement is required, the maximum spacing shall not exceed one half 
the depth of the member nor 48 inches (1219 mm). 
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2. Flexural reinforcement shall be uniformly distributed throughout the depth of the element. 

3. Flexural elements subjected to load reversals shall be symmetrically reinforced. 

4. The nominal moment strength at any section along a member shall not be less than one fourth 
of the maximum moment strength. 

5. The flexural reinforcement ratio, p, shall not exceed 0.5 Ph· 
6. Lap splices shall comply with the provisions of Section 2108.2.2.7. 
7. Welded splices and mechanical splices which develop at least 125 per~ent of the specified 

yield strength of a bar may be used for splicing the reinforcement. Not more than two longitudinal 
bars shall be spliced at a section. The distance between splices of adjacent bars shall be at least 30 
inches (762 mm) along the longitudinal axis. 

8. Specified yield strength of reinforcement shall not exceed 60,000 psi ( 413 MPa). The actual 
yield strength based on mill tests shall not exceed 1.3 times the specified yidd strength. 

2108.2.3.8 Seismic design provisions. The lateral seismic load resistance in any line or story 
level shall be provided by shear walls or wall frames, or a combination of .;hear walls and wall 
frames. Shear walls and wall frames shall provide at least 80 percent of the lateral stiffness in any 
line or story level. 

EXCEPTION: Where seismic loads are determined based on Rw not greater than three and where all joints 
satisfy the provisions of Section 21 08.2.6.2.9, the piers may be used to provide sei~:mic load resistance. 

2108.2.3.9 Dimensional limits. Dimensions shall be in accordance with the following: 

1. Beams. 
1.1 The nominal width of a beam shall not be less than 6 inches ( 153 mm). 

1.2 The clear distance between locations of lateral bracing of the cor1pression side of the 
beam shall not exceed 32 times the least width of the compression area. 

1.3 The nominal depth of a beam shall not be less than 8 inches (203 mm). 

2. Piers. 

2.1 The nominal width of a pier shall not be less than 6 inches (153 mm:' and shall not exceed 
16 inches (406 mm). 

2.2 The distance between lateral supports of a pier shall not exceed ~10 times the nominal 
width of the piers except as provided for in Section 2108.2.3.9, Item 2.3. 

2.3 When the distance between lateral supports of a pier exceeds 30 times the nominal width 
of the pier, the provisions of Section 2108.2.4 shall be used for design. 

2.4 The nominal length of a pier shall not be less than three times the nominal width of the 
pier. The nominal length of a pier shall not be greater than six times the nominal width of 
the pier. The clear height of a pier shall not exceed five times the nominal length of the 
pier. 

EXCEPTION: The length of a pier may be equal to the width of the pier when the axial force at the location 
of maximum moment is less than 0.04 f'm Ag. 

3. Columns. 

3.1 The nominal width of a column shall not be less than 12 inches (305 mm). 

3.2 The distance between lateral supports of a column shall not exceed 30 times the nominal 
width of the column. 

3.3 The nominal length of a column shall not be less than 12 inches (30~; mm) and not greater 
than three times the nominal width of the column. 

2108.2.3.10 Beams. 

2108.2.3.10.1 Scope. Members designed primarily to resist flexure shall comply with the require­
ments of this section. The factored axial compressive force on a beam shall not exceed 0.05 Aef'm· 
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2108.2.3.10.2 Longitudinal reinforcement. 

1. The variation in the longitudinal reinforcing bars shall not be greater than one bar size. Not 
more than two bar sizes shall be used in a beam. 

2. The nominal flexural strength of a beam shall not be less than 1.3 times the nominal cracking 
moment strength of the beam. The modulus of rupture,J,., for this calculation shall be assumed to be 
235 psi (1.6 MPa). 

2108.2.3.10.3 Transverse reinforcement. Transverse reinforcement shall be prcvided where Vu 
exceeds Vm. Required shear, Vu. shall include the effects of drift. The value of Vu shall be based on 
3Rwl8 times seismic drift. When transverse shear reinforcement is required, the following provi­
sions shall apply: 

1. Shear reinforcement shall be a single bar with a 180-degree hook at each end. 

2. Shear reinforcement shall be hooked around the longitudinal reinforcement 

3. The minimum transverse shear reinforcement ratio shall be 0.0007. 

4. The first transverse bar shall not be more than one fourth of the beam depth from the end of the 
beam. 

2108.2.3.10.4 Construction. Beams shall be solid grouted. 

2108.2.3.11 Piers. 

2108.2.3.11.1 Scope. Piers proportioned to resist flexure and shear in conjunction with axial load 
shall comply with the requirements of this section. The factored axial compression Cln the piers shall 
not exceed 0.3 Aef'm· 

2108.2.3.11.2 Longitudinal reinforcement. A pier subjected to in-plane stress reversals shall be 
longitudinally reinforced symmetrically on both sides of the neutral axis of the p ter. 

1. One bar shall be provided in the end cells. 

2. The minimum longitudinal reinforcement ratio shall be 0.0007. 

2108.2.3.11.3 Transverse reinforcement. Transverse reinforcement shall be provided where Vu 
exceeds Vm. Required shear, Vu, shall include the effects of drift. The value of Vu shall be based on 
3Rwl8 times seismic drift. When transverse shear reinforcement is required, the following provi­
sions shall apply: 

1. Shear reinforcement shall be hooked around the extreme longitudinal bars with a 180-degree 
hook. Alternatively, at wall intersections, transverse reinforcement with a 90-degn:e standard hook 
around a vertical bar in the intersecting wall shall be permitted. 

2. The minimum transverse reinforcement ratio shall be 0.0015. 

2108.2.3.12 Columns. 

2108.2.3.12.1 Scope. Columns shall comply with the requirements of this secticn. 

2108.2.3.12.2 Longitudinal reinforcement. Longitudinal reinforcement shall be a minimum of 
four bars, one in each comer of the column. 

1. Maximum reinforcement area shall be 0.03 A.,. 

2. Minimum reinforcement area shall be 0.005 A.,. 

2108.2.3.12.3 Lateral ties. 

1. Lateral ties shall be provided in accordance with Section 2106.3.6. 

2. Minimum lateral reinforcement area shall be 0.0018 Ag. 

2108.2.3.12.4 Construction. Columns shall be solid grouted. 
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2108.2.4 Wall design for out-of-plane loads. 

2108.2.4.1 General. The requirements of this section are for the design of walls for out-of-plane 
loads. 

2108.2.4.2 Maximum reinforcement. The reinforcement ratio shall not e,.ceed 0.5Pb· 

2108.2.4.3 Moment and deflection calculations. All moment and deflection calculations in Sec­
tion 2108.2.4 are based on simple support conditions top and bottom. Other support and fixity 
conditions, moments and deflections shall be calculated using established principles of mechanics. 

2108.2.4.4 Walls with axial load of 0.04f~ or less. The procedures set forth in this section, 
which consider the slenderness of walls by representing effects of axial forces and deflection in cal­
culation of moments, shall be used when the vertical load stress at the lc·cation of maximum 
moment does not exceed 0.04f~ as computed by Formula (8-28). The value cfj~ shall not exceed 
6,000 psi (41.3 MPa). 

P,., + p! 
A 5 0.04J'm 

g 
(8-28) 

Walls shall have a minimum nominal thickness of 6 inches (153 mm). 

Required moment and axial force shall be determined at the midheight of the wall and shall be 
used for design. The factored moment, Mu, at the midheight of the wall shalll::e determined by For­
mula (8-29). 

(8-29) 

WHERE: 
~u = deflection at midheight of wall due to factored loads 

Pu = Puw + Puf (8-30) 

The design strength for out-of-plane wall loading shall be determined by Formula (8-31 ). 

WHERE: 

Mn = Ase fy (d- a/2) 

Ase = (As fy + Pu) I fy, effective area of steel 

a = (Pu +As fY) I 0.85 f~ b, depth of stress block due to factored loads 

(8-31) 

(8-32) 

(8-33) 

(8-34) 

2108.2.4.5 Wall with axial load greater than 0.04f ~. The procedures set forth in this section 
shall be used for the design of masonry walls when the vertical load stresses at the location of maxi­
mum moment exceed 0.04f~ but are less than 0.2f'm and the slenderness ratio h 'It does not exceed 
30. 

Design strength provided by the wall cross section in terms of axial force, s~ear and moment shall 
be computed as the nominal strength multiplied by the applicable strength-reduction factor, <!>, spe­
cified in Section 2108.1.4. Walls shall be proportioned such that the design strength exceeds the 
required strength. 

The nominal shear strength shall be determined by Formula (8-35). 

vn = 2Amv /f: (8-35) 

For SI: V" = 0.166Amv ffm 
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2108.2.4.6 Deflection design. The midheight deflection, ~s• under service lateral and vertical 
loads (without load factors) shall be limited by the relation: 

!:!..,, = 0.001h (8-36) 

P~ effects shall be included in deflection calculation. The midheight deflection shall be com­
puted with the following formula: 

5M h2 

48 
£' I for Mser :5 Mer 

m g 

A = 5 Mcrh2 + 5 (Mm - Mcr)h2 
u.. 48 E I 48 E I for M cr < M ... r < M, 

m g m cr 

The cracking moment strength of the wall shall be determined from the formula: 

Mer= Sfr 

The modulus of rupture,fr, shall be as follows: 

1. For fully grouted hollow-unit masonry, 

J, = 4.0 ffm, 235 psi maximum 

For SI: J, = 0.33 ffm, 1.6 MPa maximum 

2. For partially grouted hollow-unit masonry, 

f, = 2.5 ffm, 125 psi maximum 

For SI: J, = 0.21 ffm, 861 kPa maximum 

3. For two-wythe brick masonry, 

J, = 2.0 ffm, 125 psi maximum 

For SI: f, = 0.166 ffm, 861 kPa maximum 

2108.2.5 Wall design for in-plane loads. 

(8-37) 

(8-38) 

(8-39) 

(8-40) 

(8-41) 

(8-42) 

2108.2.5.1 General. The requirements of this section are for the design of W<llls for in-plane 
loads. 

The value off'm shall not be less than 1,500 psi (10.3 MPa) nor greater than 4,00( 1 psi (27.6 MPa). 

2108.2.5.2 Reinforcement. Reinforcement shall be in accordance with the following: 

1. Minimum reinforcement shall be provided in accordance with Section 2106.1.12.4, Item 2.3, 
for all seismic areas using this method of analysis. 

2. When the shear wall failure mode is in flexure, the nominal flexural strength of the shear wall 
shall be at least 1.8 times the cracking moment strength of a fully grouted wall Jr 3.0 times the 
cracking moment strength of a partially grouted wall from Formula (8-39). 

3. The amount of vertical reinforcement shall not be less than one half the hori;~ontal reinforce­
ment. 

4. Spacing of horizontal reinforcement within the region defined in Section 2108.2.5.5, Item 3, 
shall not exceed three times the nominal wall thickness nor 24 inches (610 mm). 

2108.2.5.3 Design strength. Design strength provided by the shear wall cross se·:tion in terms of 
axial force, shear and moment shall be computed as the nominal strength multiplied by the applica­
ble strength-reduction factor, c)>, specified in Section 2108.1.4.3. 

2108.2.5.4 Axial strength. The nominal axial strength of the shear wall suppo1ting axial loads 
only shall be calculated by Formula (8-43). 
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(8-43) 

Axial design strength provided by the shear wall cross section shall satisf:1 Formula (8-44). 

P. :5 0.80 <j> Po 

2108.2.5.5 Shear strength. Shear strength shall be as follows: 

(8-44) 

1. The nominal shear strength shall be determined using either Item 2 or 3 below. Maximum 
nominal shear strength values are determined from Table 21-J. 

2. The nominal shear strength of the shear wall shall be determined from Formula (8-45), except 
as provided in Item 3 below 

WHERE: 

For SI: 

and 

V m = C dAmv ffm 
Vm = 0.083CdAmv ffm 

(8-45) 

(8-46) 

(8-47) 

3. For a shear wall whose nominal shear strength exceeds the shear corre:;ponding to develop­
ment of its nominal flexural strength, two shear regions exist. 

For all cross sections within the region defined by the base of the shear wall and a plane at a dis­
tance L.v above the base of the shear wall, the nominal shear strength shall be determined from For­
mula (8-48). 

(8-48) 

The required shear strength for this region shall be calculated at a distance Lwl2 above the base of 
the shear wall, but not to exceed one half story height. 

For the other region, the nominal shear strength of the shear wall shall be determined from For­
mula (8-45). 

2108.2.5.6 Boundary members. Boundary members shall be as follows: 

l. Boundary members shall be provided at the boundaries of shear walls when the compressive 
strains in the wall exceed 0.0015. The strain shall be determined using factored forces and Rw equal 
to 1.5. 

2. The minimum length of the boundary member shall be three times the thickness of the wall, 
but shall include all areas where the compressive strain per Section 2108.2.6.2.7 is greater than 
0.0015. 

3. Lateral reinforcement shall be provided for the boundary elements. The lateral reinforcement 
shall be a minimum of No. 3 bars at a maximum of 8-inch (203 mm) spacing within the grouted core 
or equivalent confinement which can develop an ultimate compressive masonry strain of at least 
0.006. 

2108.2.6 Design of moment-resisting wall frames. 

2108.2.6.1 General requirements. 

2108.2.6.1.1 Scope. The requirements of this section are for the design off 1lly grouted moment­
resisting wall frames constructed of reinforced open-end hollow-unit concre1:e or hollow-unit clay 
masonry. 
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2108.2.6.1.2 Dimensional limits. Dimensions shall be in accordance with the following. 

Beams. Clear span for the beam shall not be less than two times its depth. 

The nominal depth of the beam shall not be less than two units or I6 inches ( 406 mm), whichever 
is greater. The nominal beam depth to nominal beam width ratio shall not exceed 6. 

The nominal width of the beam shall be the greater of 8 inches (203 mm) or 1126 of the clear span 
between pier faces. 

Piers. The nominal depth of piers shall not exceed 96 inches (2438 mm). Nominal depth shall not 
be less than two full units or 32 inches (8I3 mm), whichever is greater. 

The nominal width of piers shall not be less than the nominal width of the beam, nor less than 
8 inches (203 mm) or l/14 of the clear height between beam faces, whichever is greater. 

The clear height-to-depth ratio of piers shall not exceed 5. 

2108.2.6.1.3 Analysis. Member design forces shall be based on an analysis which considers the 
relative stiffness of pier and beam members, including the stiffening influence of joints. 

The calculation of beam moment capacity for the determination of pier design shall include any 
contribution of floor slab reinforcement. 

The out-of-plane drift ratio of all piers shall satisfy the drift-ratio limits specified in Section 
I628.8.2. 

2108.2.6.2 Design procedure. 

2108.2.6.2.1 Required strength. Except as required by Sections 2I08.2.6.2.7 and 2108.2.6.2.8, 
the required strength shall be determined in accordance with Section 2108.1.3. 

2108.2.6.2.2 Design strength. Design strength provided by frame member cross sections in 
terms of axial force, shear and moment shall be computed as the nominal strength nultiplied by the 
applicable strength-reduction factor, 4>, specified in Section 2I 08.1.4.4. 

Members shall be proportioned such that the design strength exceeds the required strength. 

2108.2.6.2.3 Design assumptions for nominal strength. The nominal strength of member cross 
sections shall be based on assumptions prescribed in Section 2108.2.1.2. 

The value off'm shall not be less than I,SOO psi (10.3 MPa) or greater than 4,00C psi (27.6 MPa). 

2108.2.6.2.4 Reinforcement. The nominal moment strength at any section along a member shall 
not be less than one fourth of the higher moment strength provided at the two end~ of the member. 

Lap splices shall be as defined in Section 2I 08.2.2. 7. The center of the lap splice shall be at the 
center of the member clear length. 

Welded splices and mechanical connections conforming to Section I9I2.I4.3, Items I through 4, 
may be used for splicing the reinforcement at any section provided not more than alternate longitu­
dinal bars are spliced at a section, and the distance between splices of alternate bus is at least 24 
inches (610 mm) along the longitudinal axis. 

Reinforcement shall not have a specified yield strength greater than 60,000 psi ( 4I3 MPa). The 
actual yield strength based on mill tests shall not exceed the specified yield strength times I.3. 

2108.2.6.2.5 Flexural members (beams). Requirements of this subsection apply to beams pro­
portioned primarily to resist flexure as follows: 

The axial compressive force on beams due to factored loads shall not exceed C'.l 0 An f'm. 

I. Longitudinal reinforcement. At any section of a beam, each masonry unit through the beam 
depth shall contain longitudinal reinforcement. 

The variation in the longitudinal reinforcement area between units at any sec1ion shall not be 
greater than 50 percent, except multiple No. 4 bars shall not be greater than 100 percent of the mini­
mum area of longitudinal reinforcement contained by any one unit, except where splices occur. 
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Minimum reinforcement ratio calculated over the gross cross section shall be 0.002. 

Maximum reinforcement ratio calculated over the gross cross section shall be O.I5f'm I !y. 
2. Transverse reinforcement. Transverse reinforcement shall be hooked around top and bot­

tom longitudinal bars with a standard 180-degree hook, as defined in Section 2108.2.2.4, and shall 
be single pieces. 

Within an end region extending one beam depth from pier faces and at any region at which beam 
flexural yielding may occur during seismic or wind loading, maximum spacing of transverse rein­
forcement shall not exceed one fourth the nominal depth of the beam. 

The maximum spacing of transverse reinforcement shall not exceed one half the nominal depth 
of the beam. 

Minimum reinforcement ratio shall be 0.0015. 

The first transverse bar shall not be more than 4 inches (102 mm) from the face of the pier. 

2108.2.6.2.6 Members subjected to axial force and flexure. 

The requirements set forth in this subsection apply to piers proportioned to resist flexure in con­
junction with axial loads. 

I. Longitudinal reinforcement. A minimum of four longitudinal bars shall be provided at all 
sections of every pier. 

Flexural reinforcement shall be distributed across the member depth. Variation in reinforcement 
area between reinforced cells shall not exceed 50 percent. 

Minimum reinforcement ratio calculated over the gross cross section shall be 0.002. 

Maximum reinforcement ratio calculated over the gross cross section shall be 0.15/'m I /y. 
Maximum bar diameter shall be one eighth nominal width of the pier. 

2. Transverse reinforcement. Transverse reinforcement shall be hooked around the extreme 
longitudinal bars with standard 180-degree hook as defined in Section 2108.2.2.4. 

Within an end region extending one pier depth from the end of the beam. and at any region at 
which flexural yielding may occur during seismic or wind loading, the maximum spacing of trans­
verse reinforcement shall not exceed one fourth the nominal depth of the pi,!r. 

The maximum spacing of transverse reinforcement shall not exceed one h1lf the nominal depth 
of the pier. 

The minimum transverse reinforcement ratio shall be 0.0015. 

3. Lateral reinforcement. Lateral reinforcement shall be provided to corJine the grouted core 
when compressive strains due to axial and bending forces exceed 0.0015, corresponding to factored 
forces with Rw equal to 1.5. The unconfined portion of the cross section with strain exceeding 
0.0015 shall be neglected in computing the nominal strength of the section. 

The total cross-sectional area of rectangular tie reinforcement for the confined core shall not be 
less than: 

Ash= 0.09shcf'm 1/yh (8-49) 

Alternatively, equivalent confinement which can develop an ultimate compressive strain of at 
least 0.006 may be substituted for rectangular tie reinforcement. 

2108.2.6.2.7 Pier design forces. Pier nominal moment strength shall not be less than 1.6 times the 
pier moment corresponding to the development of beam plastic hinges, except at the foundation 
level. 

Pier axial load based on the development of beam plastic hinges in accordarce with the paragraph 
above and including factored dead and live loads shall not exceed 0.15 An j 'm. 
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The drift ratio of piers shall satisfy the limits specified in Chapter 16. 

The effects of cracking on member stiffness shall be considered. Unless stiff11ess values are 
obtained by a more comprehensive analysis, the effective moment of inertia shall be determined in 
accordance with Formula (8-50). 

I, ~ (~:)'I,, + [I (~:)}• o< I, (8-50) 

The base plastic hinge of the pier must form immediately adjacent to the level of lateral support 
provided at the base or foundation. 

2108.2.6.2.8 Shear design. 
1. General. Beam and pier nominal shear strength shall not be less than 1.4 times the shears cor­

responding to the development of beam flexural yielding. 

It shall be assumed in the calculation of member shear force that moments of opposite sign act at 
the joint faces and that the member is loaded with the tributary gravity load along its span. 

2. Vertical member shear strength. The nominal shear strength shall be determined from For­
mula (8-51 ): 

WHERE: 

For SI: 

and 

Vm = CdAmv ffm 

Vm = 0.083 CdAmv ffm 

(8-51) 

(8-52) 

(8-53) 

The value of Vm shall be zero within an end region extending one pier depth frorr beam faces and 
at any region where pier flexural yielding may occur during seismic loading, and at piers subjected 
to net tension factored loads. 

The nominal pier shear strength, Vn, shall not exceed the value determined fron Table 21-J. 

3. Beam shear strength. The nominal shear strength shall be determined from Formula (8-54), 

WHERE: 

(8-54) 

For Sl: V m O.Ql Amv ffm 

The value of Vm shall be zero within an end region extending one beam depth from pier faces and 
at any region at which beam flexural yielding may occur during seismic loading. 

The nominal beam shear strength, Vn, shall be determined from Formula (8-55). 

For SI: 

2108.2.6.2.9 Joints. 

Vn ~ 4Amvffm 

Vn ~ 0.33 Amv ffm 

(8-55) 

1. General requirements. Where reinforcing bars extend through a joint, the joint dimensions 
shall be proportioned such that 

(8-56) 
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ForSI: 

and 

For SI: hb > 21 685 dbp/ ffx 

2108.2.6.2.9-21 09.4.1 

(8-57) 

The grout strength shall not exceed 5,000 psi (34.4 MPa) for the purposes of Formulas (8-56) and 
(8-57). 

Joint shear forces shall be calculated on the assumption that the stress in all flexural tension rein­
forcement of the beams at the pier faces is 1.4 /y· 

Strength of joint shall be governed by the appropriate strength-reduction factors specified in Sec­
tion 21 08.1.4.4. 

Beam longitudinal reinforcement terminating in a pier shall be extended to the far face of the pier 
and anchored by a standard 90- or 180-degree hook, as defined in Section 21(18.2.2.4, bent back to 
the beam. 

Pier longitudinal reinforcement terminating in a beam shall be extended 1.0 the far face of the 
beam and anchored by a standard 90- or 180-degree hook, as defined in Sec1ion 21 08.2.2.4, bent 
back to the beam. 

2. Transverse reinforcement. Special horizontal joint shear reinforcement crossing a potential 
comer-to-comer diagonal joint shear crack, and anchored by standard hooks, as defined in Section 
21 08.2.2.4, around the extreme pier reinforcing bars shall be provided such that 

Ajh = 0.5 \)h 1/y (8-58) 

Vertical shear forces may be considered to be carried by a combination of masonry shear-resist­
ing mechanisms and truss mechanisms involving intermediate pier reinforcing bars. 

3. Shear strength. The nominal horizontal shear strength of the joint sh.1ll not exceed 7 ffm 
(For SI: 0.58 ffrn) or 350 psi (2.4 MPa), whichever is less. 

SECTION 2109- EMPIRICAL DESIGN OF MASONRY 

2109.1 General. The design of masonry structures using empirical design located in those por­
tions of Seismic Zones 0 and 1 as defined in Part III of Chapter 16 where the basic wind speed is less 
than 80 miles per hour as defined in Part II of Chapter 16 shall comply with the provisions of Section 
2106 and this section, subject to approval of the building official. 

2109.2 Height. Buildings relying on masonry walls for lateral load resistance shall not exceed 35 
feet (10 668 mm) in height. 

2109.3 Lateral Stability. Where the structure depends on masonry wall~ for lateral stability, 
shear walls shall be provided parallel to the direction of the lateral forces re ;isted. 

Minimum nominal thickness of masonry shear walls shall not be less than 8 inches (203 mm). 

In each direction in which shear walls are required for lateral stability, the minimum cumulative 
length of shear walls provided shall be 0.4 times the long dimension of the building. The cumulative 
length of shear walls shall not include openings. 

The maximum spacing of shear walls shall not exceed the ratio listed in Table 21-L. 

2109.4 Compressive Stresses. 

2109.4.1 General. Compressive stresses in masonry due to vertical dead loads plus live loads, 
excluding wind or seismic loads, shall be determined in accordance with Se:tion 2109.4.3. Dead 
and live loads shall be in accordance with this code with permitted live load reductions. 
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2109.4.2 Allowable stresses. The compressive stresses in masonry shall not exce1~d the values set 
forth in Table 21-M. The allowable stresses given in Table 21-M for the weakest combination of the 
units and mortar used in any load wythe shall be used for all loaded wythes of multi wythe walls. 

2109.4.3 Stress calculations. Stresses shall be calculated based on specified rath!r than nominal 
dimensions. Calculated compressive stresses shall be determined by dividing the design load by the 
gross cross-sectional area of the member. The area of openings, chases or recesses in walls shall not 
be included in the gross cross-sectional area of the wall. 

2109.4.4 Anchor bolts. Bolt values shall not exceed those set forth in Table 21-N. 

2109.5 Lateral Support. Masonry walls shall be laterally supported in either the horizontal or 
vertical direction not exceeding the intervals set forth in Table 21-0. 

Lateral support shall be provided by cross walls, pilasters, buttresses or structural framing mem­
bers horizontally or by floors, roof or structural framing members vertically. 

Except for parapet walls, the ratio of height to nominal thickness for cantileve1 walls shall not 
exceed 6 for solid masonry or 4 for hollow masonry. 

In computing the ratio for cavity walls, the value of thickness shall be the sums of the nominal 
thickness of the inner and outer wythes of the masonry. In walls composed of different classes of 
units and mortars, the ratio of height or length to thickness shall not exceed that allowed for the 
weakest of the combinations of units and mortar of which the member is compos!d. 

2109.6 Minimum Thickness. 

2109.6.1 General. The nominal thickness of masonry bearing walls in building~; more than one 
story in height shall not be less than 8 inches (203 mm). Solid masonry walls in one-story buildings 
may be of 6-inch nominal thickness when not over 9 feet (2743 mm) in height, provided that when 
gable construction is used, an additional 6 feet (1829 mm) is permitted to the peak of the gable. 

EXCEPTION: The thickness of unreinforced grouted brick masonry walls may be 2 inches (51 mm) less 
than required by this section, but in no case less than 6 inches (153 mm). 

2109.6.2 Variation in thickness. Where a change in thickness due to minimum thickness occurs 
between floor levels, the greater thickness shall be carried up to the higher floor eve!. 

2109.6.3 Decrease in thickness. Where walls of masonry of hollow units or masonry-bonded 
hollow walls are decreased in thickness, a course or courses of solid masonry shall be constructed 
between the walls below and the thinner wall above, or special units or construction shall be used to 
transmit the loads from face shells or wythes to the walls below. 

2109.6.4 Parapets. Parapet walls shall be at least 8 inches (203 mm) in thickness and their height 
shall not exceed three times their thickness. The parapet wall shall not be thinn!r than the wall 
below. 

2109.6.5 Foundation walls. Foundation walls shall be constructed with Type M or S mortar. 

Where the height of unbalanced fill (height of finished grade above basemen: floor or inside 
grade) and the height of the wall between lateral support does not exceed 8 feet 12438 mm), and 
when the equivalent fluid weight of unbalanced fill does not exceed 30 pounds pel cubic foot ( 480 
kg/m2), the minimum thickness of foundation walls shall be as set forth in Table ;~ 1-P. Maximum 
depths of unbalanced fill permitted in Table 21-P may be increased with the approvd of the building 
official when local soil conditions warrant such an increase. 

Where the height of unbalanced fill, height between lateral supports or equivalent fluid weight of 
unbalanced fill exceeds that set forth above, foundation walls shall be designed in 1ccordance with 
Chapter 18. 

2109.7 Bond. 

2109.7.1 General. The facing and backing of multiwythe masonry walls shall be bonded in 
accordance with this section. 
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2109.7.2 Masonry headers. Where the facing and backing of solid masonry construction are 
bonded by masonry headers, not less than 4 percent of the wall surface of each face shall be com­
posed of headers extending not less than 3 inches (76 mm) into the backing. The distance between 
adjacent full-length headers shall not exceed 24 inches (610 mm) either verti~ally or horizontally. 
In walls in which a single header does not extend through the wall, headers from opposite sides shall 
overlap at least 3 inches (76 mm), or headers from opposite sides shall be covered with another 
header course overlapping the header below at least 3 inches (76 mm). 

Where two or more hollow units are used to make up the thickness of the wall, the stretcher 
courses shall be bonded at vertical intervals not exceeding 34 inches (864 mn) by lapping at least 
3 inches (76 mm) over the unit below, or by lapping at vertical intervals not exceeding 17 inches 
(432 mm) with units which are at least 50 percent greater in thickness than the units below. 

2109.7.3 Wall ties. Where the facing and backing of masonry walls are bonded with 3/16-inch­
diameter (4.8 mm) wall ties or metal ties of equivalent stiffness embedded in .he horizontal mortar 
joints, there shall be at least one metal tie for each 41/ 2 square feet (0.42 m2) of wall area. Ties in 
alternate courses shall be staggered, the maximum vertical distance between ties shall not exceed 
24 inches (610 mm), and the maximum horizontal distance shall not exceed 36 inches (914 mm). 
Rods bent to rectangular shape shall be used with hollow-masonry units laid \vith the cells vertical. 
In other walls, the ends of ties shall be bent to 90-degree angles to providt hooks not less than 
2 inches (51 mm) long. Additional ties shall be provided at all openings, spaced not more than 3 feet 
(914 mm) apart around the perimeter and within 12 inches (305 mm) of the opening. 

The facing and backing of masonry walls may be bonded with prefabricated joint reinforcement. 
There shall be at least one cross wire serving as a tie for each 22/3 square feet (0.25 m2) of wall area. 
The vertical spacing of the joint reinforcement shall not exceed 16 inches (40t mm). Cross wires of 
prefabricated joint reinforcement shall be at least No. 9 gage wire. The long .tudinal wire shall be 
embedded in mortar. 

2109.7.4 Longitudinal bond. In each wythe of masonry, head joints in successive courses shall 
be offset at least one fourth of the unit length or the walls shall be reinforced longitudinally as 
required in Section 21 06.1.12.3, Item 4. 

2109.8 Anchorage. 

2109.8.1 Intersecting walls. Masonry walls depending on one another for lateral support shall be 
anchored or bonded at locations where they meet or intersect by one of the "allowing methods: 

1. Fifty percent of the units at the intersection shall be laid in an overlapping pattern, with alter­
nating units having a bearing of not less than 3 inches (76 mm) on the unit he low. 

2. Walls shall be anchored by steel connectors having a minimum secticn of 114 inch by 1112 
inches (6.4 mm by 38 mm) with ends bent up at least 2 inches (51 mm), or with cross pins to form 
anchorage. Such anchors shall be at least 24 inches (610 mm) long and the maximum spacing shall 
be 4 feet ( 1219 mm) vertically. 

3. Walls shall be anchored by joint reinforcement spaced at a maximum distance of 8 inches (203 
mm) vertically. Longitudinal rods of such reinforcement shall be at least No. 9 gage and shall extend 
at least 30 inches (762 mm) in each direction at the intersection. 

4. Interior non bearing walls may be anchored at their intersection, at vertical spacing of not more 
than 16 inches (406 mm) with joint reinforcement or 1/4-inch (6.4 mm) mesh galvanized hardware 
cloth. 

5. Other metal ties, joint reinforcement or anchors may be used, provided they are spaced to pro­
vide equivalent area of anchorage to that required by this section. 

2109.8.2 Floor and roof anchorage. Floor and roof diaphragms providing lateral support to 
masonry walls shall be connected to the masonry walls by one of the following methods: 
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1. Wood floor joists bearing on masonry walls shall be anchored to the wall by approved metal 
strap anchors at intervals not exceeding 6 feet (1829 mm). Joists parallel to th:! wall shall be 
anchored with metal straps spaced not more than 6 feet (1829 mm) on center extending over and 
under and secured to at least three joists. Blocking shall be provided between joi~ts at each strap 
anchor. 

2. Steel floor joists shall be anchored to masonry walls with No. 3 bars, or their equivalent, 
spaced not more than 6 feet (1829 mm) on center. Where joists are parallel to the wall, anchors shall 
be located at joist cross bridging. 

3. Roof structures shall be anchored to masonry walls with 1/z-inch-diameter ( 13 mm) bolts at 
6 feet (1829 mm) on center or their equivalent. Bolts shall extend and be embedded at least 15 
inches (381 mm) into the masonry, or be hooked or welded to not less than 0.2 square inch (129 
mm2) of bond beam reinforcement placed not less than 6 inches ( 153 mm) from the top of the wall. 

2109.8.3 Walls adjoining structural framing. Where walls are dependent on the structural 
frame for lateral support, they shall be anchored to the structural members with metal anchors or 
keyed to the structural members. Metal anchors shall consist of 1/z-inch-diameter (13 mm) bolts 
spaced at a maximum of 4 feet (1219 mm) on center and embedded at least 4 inche:; (102 mm) into 
the masonry, or their equivalent area. 

2109.9 Unburned Clay Masonry. 

2109.9.1 General. Masonry of stabilized unburned clay units shall not be used in any building 
more than one story in height. The unsupported height of every wall of unburned clay units shall not 
be more than I 0 times the thickness of such walls. Bearing walls shall in no case be less than 16 
inches (406 mm) in thickness. All footing walls which support masonry of unburnec. clay units shall 
extend to an elevation not less than 6 inches (153 mm) above the adjacent ground at all points. 

2109.9.2 Bolts. Bolt values shall not exceed those set forth in Table 21-Q. 

2109.10 Stone Masonry. 

2109.10.1 General. Stone masonry is that form of construction made with natural or cast stone in 
which the units are laid and set in mortar with all joints filled. 

2109.10.2 Construction. In ashlar masonry, bond stones uniformly distributed shall be provided 
to the extent of not less than 10 percent of the area of exposed facets. Rubble stone masonry 24 
inches (610 mm) or less in thickness shall have bond stones with a maximum spacing of 3 feet (914 
mm) vertically and 3 feet (914 mm) horizontally and, if the masonry is of ~reater thickness than 24 
inches (61 0 mm), shall have one bond stone for each 6 square feet (0.56 m ) of wall surface on both 
sides. 

2109.10.3 Minimum thickness. The thickness of stone masonry bearing walls :;hall not be less 
than 16 inches (406 mm). 

SECTION 2110- GLASS MASONRY 

2110.1 General. Masonry of glass blocks may be used in nonload-bearing ext,~rior or interior 
walls and in openings which might otherwise be filled with windows, either isolatf:d or in continu­
ous bands, provided the glass block panels have a minimum thickness of 3 inches (76 mm) at the 
mortar joint and the mortared surfaces of the blocks are treated for mortar bonding. Glass block may 
be solid or hollow and may contain inserts. 

2110.2 Mortar Joints. Glass block shall be laid in Type S or N mortar. Both verti,:al and horizon­
tal mortar joints shall be at least 1/4 inch (6 mm) and not more than 3/g inch (10 mm) thick and shall 
be completely filled. All mortar contact surfaces shall be treated to ensure adhesion between mortar 
and glass. 
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2110.3 Lateral Support. Glass panels shall be laterally supported along each end of the panel. 

Lateral support shall be provided by panel anchors spaced not more than 16 inches (406 mm) on 
center or by channels. The lateral support shall be capable of resisting the hor.zontal design forces 
determined in Chapter 16 or a minimum of 200 pounds per lineal foot (2920 N per linear meter) of 
wall, whichever is greater. The connection shall accommodate movement req Jirements of Section 
2110.6. 

2110.4 Reinforcement. Glass block panels shall have joint reinforcement spaced not more than 
16 inches (406 mm) on center and located in the mortar bed joint extending the entire length of the 
panel. A lapping of longitudinal wires for a minimum of 6 inches (153 mm) is required for joint 
reinforcement splices. Joint reinforcement shall also be placed in the bed joint immediately below 
and above openings in the panel. Joint reinforcement shall conform to U.B.C. Standard 21-10, Part 
I. Joint reinforcement in exterior panels shall be hot-dip galvanized in accordance with U.B.C. 
Standard 21-10, Part I. 

2110.5 Size of Panels. Glass block panels for exterior walls shall not exceed 144 square feet ( 13.4 
m2) of unsupported wall surface or 15 feet (4572 mm) in any dimension. For interior walls, glass 
block panels shall not exceed 250 square feet (23.2 m2) of unsupported area or 25 feet (7620 mm) in 
any dimension. 

2110.6 Expansion Joints. Glass block shall be provided with expansion join :s along the sides and I 
top, and these joints shall have sufficient thickness to accommodate displacements of the support­
ing structure, but not less than 3fs inch (19.5 mm). Expansion joints shall be e ~tirely free of mortar 
and shall be filled with resilient material. 

2110.7 Reuse of Units. Glass block units shall not be reused after being removed from an existing 
panel. 

SECTION 2111- CHIMNEYS, FIREPLACES AND BARBECUES 

Chimneys, flues, fireplaces and barbecues and their connections carrying products of combustion 
shall be designed, anchored, supported and reinforced as set forth in Chapter ~ 1 and any applicable 
provisions of this chapter. 
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TABLE 21-A-MORTAR PROPORTIONS FOR UNIT MASONRY 

PROPORTIONS BY VOLUME (CEMENTJT10US MATERIALS) 

Masonry Cement1 

MORTAR TYPE 
Portland Cement or 

M s Blended Cement 

Cement-lime M I - -
s I - -
N I - -
0 I - -

Mortar cement M I - -

M - - -
s 1j2 - -

s - - -
N - - -

Masonry cement M I - -
M - I -
s 1j2 - -
s - - I 
N - - -
0 - - -

I Masonry cement conforming to the requirements of U.B.C. Standard 21-11. 
2Mortar cement conforming to the requirements of U.B.C. Standard 21-14. 

Mortar Cement2 

N M s N 

- - - -
- - - -

- - - -
- - - -

- - - I 
- I - -
- - - I 
- - I -

- - - I 

I - - -
- - - -
I - - -

- - - -

I - - -
I - - -

Hydrated Ume 
orUme 

Putty 

1j4 
over 1/4 to 1/2 

over 1/2 to 11/4 
over l 1/4 to 21/2 

-

-
-

-
-

-
-
-
-

-
-

AGGREGATE 
MEASURED IN A 

DAMP, LOOSE 
CONDmON 

Not less than 21/4 
and not more than 3 
times the sum of the 
separate volumes of 
cementitious 
materials. 

• 

PI) .... 
~ 
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CD 

~ 
c: z :;; 
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1994 UNIFORM BUILDING CODE 21-B-21-C 

TABLE 21-8-GROUT PROPORTIONS BY VOLUME1 

PARTS BY 
VOLUME OF PARTS BY AGGREGATE MEASURED IN &. DAMP, 
PORTLAND VOLUME OF LOOSE CONDITION 
CEMENT OR HYDRATED 

BLENDED LIME OR UME Fine Coarse 
TYPE CEMENT PUTTY 

Fine I 0 to 1/w 2'14 to 3 times the sum of the 
grout volumes of the cementitious 

materials 

Coarse I 0 to 1/w 2'14 to 3 times the sum of the I to 2 times the sum of the 
grout volumes of the cementitious volume~ of the cementitious 

materials materials 
.. 

'Grout shall attam a mmtmum compresstve strength at 28 days of 2,000 pst (13.8 MPa). The butldmg offictal may 
require a compressive field strength test of grout made in accordance with U.B.C. Standard 21-18. 

TABLE 21-C-GROUTING LIMITATIONS 

MINIMUM DIMENSIONS OF THE TOTAL CLEAR 
AREAS WITHIN GROUT SPACES AND CELLS2,3 

GROUT POUR MAXIMUM HEIGHT 
x 25.4formm GROUT TYPE (feet)1 

x 304.8 for mm Multlwythe Masonry liollow-unlt Masonry 

Fine I 314 11/z X 2 

Fine 5 11/z 11/z X 2 

Fine 8 11/z 11/z X 3 
Fine 12 Jl/2 13/4 X 3 
Fine 24 2 3x3 

Coarse I 11/z 11/2 X 3 

Coarse 5 2 21/z x 3 
Coarse 8 2 3 X 3 

Coarse 12 21/z 3 X 3 

Coarse 24 3 3 X 4 

1See also Sectton 2104.6. 
2The actual grout space or grout cell dimensions must be larger than the sum of the following items: (I) The required 

minimum dimensions of total clear areas in Table 21-C; (2) The width of any mortar prOJections within the space; 
and (3) The horizontal projections of the diameters of the horizontal reinforcing bars within a cross section of the 
grout space or cell. 

3The minimum dimensions of the total clear areas shall be made up of one or more open an~as. with at least one area 
being 3/4 inch (19 mm) or greater in width. 
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TABLE 21-D-SPECIFIED COMPRESSIVE STRENGTH OF MASONRY, fm (psi) BASED ON 
SPECIFYING THE COMPRESSIVE STRENGTH OF MASONRY UNITS· 

SPECIFIED COMPRESSIVE STRENGTH OF MASONIIY, f'm 
COMPRESSIVE STRENGTH OF CLAY 

Type M or S Mortar3 Type N Mortar3 MASONRY UNITS1, 2 
(psi) (psi) (psi) 

x 6.89 for kPa 

14,000 or more 5,300 4,4(0 
12,000 4,700 3,8(0 
10,000 4,000 3,3(0 
8,000 3,350 2,7(0 
6,000 2,700 2,2(0 
4,000 2,000 1,6(1() 

SPECIFIED COMPRESSIVE STRENGTH OF MASONI~Y, f'm 
COMPRESSIVE STRENGTH OF 

Type M or s Mortar3 Type N PJ ortar3 CONCRETE MASONRY UNITS2, 4 
(psi) (psi) (psi) 

x 6.89 for kPa 

4,800 or more 3,000 2,8(1() 
3,750 2,500 2.3~·0 

2,800 2,000 1,8~·0 

1,900 1,500 I.3~;o 

1,250 1,000 9SO 
1Compresstve strength of sohd clay masonry units ts based on gross area. Compresstve strength oft oil ow clay mason­

ry units is based on minimum net area. Values may be interpolated. When hollow clay masonr) units are grouted, 
the grout shall conform to the proportions in Table 21-B. 

2Assumed assemblage. The specified compressive strength of masonry f'm is based on gross area strength when using 
solid units or solid grouted masonry and net area strength when using ungrouted hollow units. 

3Mortar for unit masonry, proportion specification, as specified in Table 21-B. These values apply to portland 
cement-lime mortars without added air-entraining materials. 

4Values may be interpolated. In grouted concrete masonry, the compressive strength of grout shall be equal to or great­
er than the compressive strength of the concrete masonry units. 

f' 
(~) 

x 6.89 for 
kPa 

1,500 

1,800 

2,000 

2,500 

3,000 

4,000 

5,000 

6,000 

TABLE 21-E-1-ALLOWABLE TENSION, Sr, FOR EMBEDDED ANCHOR 
BOLTS FOR CLAY AND CONCRETE MASONRY, pounds1,2,3 

EMBEDMENT LENGTH, ~. or EDGE DISTANCE, ~ (Inches) 

2 3 4 5 6 8 

x 25.4formm 
x 4.45 for N 

240 550 970 1,520 2,190 3,890 

270 600 1,070 1,670 2,400 4,260 

280 630 1,120 I,760 2,520 4,500 

3IO 7IO 1,260 I,960 2,830 5,030 

340 770 1,380 2,150 3,100 5,510 

400 890 1,590 2,480 3,580 6,360 

440 1,000 I,780 2,780 4,000 7,110 

480 1,090 I,950 3,040 4,380 7,790 

10 

6,080 

6,660 

7,020 

7,850 

8,600 

9,930 

11,100 

12,200 

I The allowable tension values in Table 21-E- I are based on compressive strength of masonry assemblages. Where 
yield strength of anchor bolt steel governs, the allowable tension in pounds is given in Table :. I -E-2. 

2Values are for bolts of at least A 307 quality. Bolts shall be those specified in Section 2106.2. I'-. I. 
3Values shown are for work with or without special inspection. 
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TABLE 21-E-2-ALLOWABLE TENSION, l3r, FOR EMBEDDED AtiCHOR 
BOLTS FOR CLAY AND CONCRETE MASONRY, pounds1,:! 

BENT BAR ANCHOR BOLT DIAMETER (Inches) 
x 25.41ormm 

,,4 I 3/a I ,,2 I 5/a I 3/4 J 7/a I ·I I 
x 4.451or N 

350 I 790 I 1,410 I 2,210 I 3,180 I 4,330 I 5,t.5o I 
' I Values are for bolts of at least A 307 quahty. Bolts shall be those spec1fied m SectiOn 21 0J.2.14.1. 

2Values shown are for work with or without special inspection. 

f' 
(ps~ 

1,500 

1,800 

2,000 

2,500 

3,000 

4,000 

5,000 

6,000 

TABLE 21-F-ALLOWABLE SHEAR, 8, FOR EMBEDDED ANC:HOR 
BOLTS FOR CLAY AND CONCREtE MASONRY, pounds1,2 

BENT BAR ANCHOR BOLT DIAMETER (Inches) 
x 25.41ormm 

3/a ,,2 5fa 3/4 I 7/a 1 
x 4.451or N 

480 850 1,330 1,780 1,920 2,•)50 

480 850 1,330 1,860 2,010 2,150 

480 850 1,330 1,900 2,060 2,WO 

480 850 1,330 1,900 2,180 2,330 

480 850 1,330 1,900 2,280 2.~40 

480 850 1,330 1,900 2,450 2,520 

480 850 1,330 1,900 2,590 2,770 

480 850 1,330 1,900 2,600 2)00 

I Values are for bolts of at least A 307 quality. Bolts shall be those specified m Sect10n 21 06.2.14.1. 
2Values shown are for work with or without special inspection. 

TABLE 21-G-MINIMUM DIAMETERS OF BEND 

BAR SIZE MINIMUM DIAMETER 

No. 3 through No. 8 6 bar diarne ters 
No. 9 through No. II 8 bar diarne ters 

TABLE 21-H-1-RADIUS OF GYRATION1 FOR CONCRETE MASONRY UNITS2 

Nominal Width of Wall (Inches) 

Grout Spacing (Inches) x 25.41ormm 
x 25.41or mm 4 6 8 

Solid grouled 1.04 1.62 2.19 

16 1.16 1.79 2.43 

24 1.21 1.87 2.53 

32 1.24 1.91 2.59 

40 1.26 1.94 2.63 

48 1.27 1.96 2.66 

56 1.28 1.98 2.68 

64 1.29 1.99 2.70 

72 1.30 2.00 2.71 

No grout 1.35 2.08 2.84 

I For single-wythe masonry or for an individual wythe of a cavity wall. 

r = /1/A, 

1(1 

2.17 

3.(4 

3.17 

3.:5 

3.:o 

3.:3 

3.:6 

3.:8 

3.£.0 

3.55 

11/a 

7,160 

11/a 

2,170 

2,280 

2,340 

2,470 

2,590 

2,780 

2,940 

3,080 

12 
3.34 

3.67 

3.82 

3.91 

3.97 

4.02 

4.05 

4.08 

4.10 

4.29 

2The radius of gyration shall be based on the specified dimensions of the masonry units or shall be in accordance with 
the values shown which are based on the minimum dimensions of hollow concrete masonry unit face shells and 
webs in accordance with U.B.C. Standard 21-4 for two cell units. 
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TABLE 21-H-2-RADIUS OF GYRATION1 FOR CLAY MASONRY UNIT LENGTH, 161NCHES2 
Nominal Width of Wall (lnchas) 

Grout Spacing (Inches) x 25.4formm 

x 25.4for mm 4 6 8 

Solid grouted 1.06 1.64 2.23 

16 1.16 1.78 2.42 

24 1.20 1.85 2.51 

32 1.23 1.88 2.56 

40 1.25 1.91 2.59 

48 1.26 1.93 2.61 

56 1.27 1.94 2.63 

64 1.27 1.95 2.64 

72 1.28 1.95 2.65 

No grout 1.32 2.02 2.75 

1For single-wythe masonry or for an individual wythe of a cavity wall. 

r = jijA, 

10 12 

2.81 3.39 

3.03 3.65 

3.13 3.77 

3.19 3.85 

3.23 3.90 

3.26 3.93 

3.28 3.95 

3.30 3.97 

3.31 3.99 

3.42 4.13 

2The radius of gyration shall be based on the specified dimensions of the masonry units or shall be in accordance with 
the values shown which are based on the minimum dimensions of hollow clay masonry face shells and webs in 
accordance with U.B.C. Standard 21-1 for two cell units. 

TABLE 21-H-3-RADIUS OF GYRATION1 FOR CLAY MASONRY UNIT LENGTH, 121NCHES2 
Nominal Width of Wall (Inches) 

Grout Spacing (Inches) x 25.4for mm 

x 25.4formm 4 6 8 10 12 

Solid grouted 1.06 1.65 2.24 2.82 3.41 

12 1.15 1.77 2.40 3.00 3.61 

18 1.19 1.82 2.47 3.08 3.71 

24 1.21 1.85 2.51 3.12 3.76 

30 1.23 1.87 2.53 3.15 3.80 

36 1.24 1.88 2.55 3.17 3.82 

42 1.24 1.89 2.56 3.19 3.84 

48 1.25 1.90 2.57 3.20 3.85 

54 1.25 1.90 2.58 3.21 3.86 

60 1.26 1.91 2.59 3.21 3.87 

66 1.26 1.91 2.59 3.22 3.88 

72 1.26 1.91 2.59 3.22 3.88 

No grout 1.29 1.95 2.65 3.28 3.95 

1For single-wythe masonry or for an individual wythe of a cavity wall. 

r = )1/A, 
2The radius of gyration shall be based on the specified dimensions of the masonry units or shall be in accordance with 

the values shown which are based on the minimum dimensions of hollow clay masonry face shells and webs in 
accordance with U.B.C. Standard 21-1 for two cell units. 

2-352 



1994 UNIFORM BUILDING CODE 21-1-21-L 

TABLE 21-1-ALLOWABLE FLEXURAL TENSION (psi) 
MORTAR TYPE 

Cement-Lime and Mortar Cement Masonry Cement 

UNIT TYPE MorS N MorS N 

x 6.89 for kPa 

Normal to bed joints 
Solid 40 30 24 15 
Hollow 25 19 15 9 

Normal to head joints 
Solid 80 60 48 30 
Hollow 50 38 30 18 

TABLE 21-J-MAXIMUM NOMINAL SHEAR STRENGTH VALUES1,2 

MNd VnMAXIMUM 

:'>0.25 6.0 ffm = 380 maximum (322 ffm = 1691 rna Kimum) 

~ 1.00 4.0 ffm = 250 maximum (214 ffm = 1113 rna Kimum) 

I M is the maximum bending moment that occurs simultaneously with the shear load Vat the section under consider­
ation. Interpolation may be by straight line for M!Vd values between 0.25 and 1.00. 

Zyn is in pounds (N), and/~ is in pounds per square inches (kPa). 

TABLE 21-K-NOMINAL SHEAR STRENGTH COEFFICIENT 

,.;; 0.25 

2: 1.00 1.2 
:.:~ 

~------------------------------------~---------------------
I M is the maximum bending moment that occurs simultaneously with the shear load Vat tb: section under consider­

ation. Interpolation may be by straight line for M!Vd values between 0.25 and 1.00. 

TABLE 21-L-SHEAR WALL SPACING REQUIREMENTS FOR EMPIRICAL DE:SIGN OF MASONRY 

MAXIMUM RATIO 

FLOOR OR ROOF CONSTRUCTION 
Shear Wall Spacing to 

Shear Wall Length 

Cast-in-place concrete 5:1 

Precast concrete 4:1 
Metal deck with concrete fill 3:1 

Metal deck with no fill 2:1 

Wood diaphragm 2:1 
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TABLE 21-M-ALLOWABLE COMPRESSIVE STRESSES FOR EMPIRICAL DESIGN OF MASONRY 

ALLOWABLE COMPRESSIVE STRES SES1 GROSS 
CROSS-SECTIONAL AREA ~ psi) 

CONSTRUCTION: COMPRESSIVE STRENGTH OF UNIT, 
x 6.89 for kPa GROSS AREA 

x 6.89 for kPa Type M or S Mortar TyJ oe N Mortar 

Solid masonry of brick and other solid units of clay or 
shale; sand-lime or concrete brick: 

8,000 plus, psi 350 300 
4,500 psi 225 200 
2,500 psi 160 140 
1,500 psi 115 100 

Grouted masonry, of clay or shale; sand-lime or 
concrete: 

4,500 plus, psi 275 200 
2,500 psi 215 140 
1,500 psi 175 100 

Solid masonry of solid concrete masonry units: 
3,000 plus, psi 225 200 
2,000 psi 160 140 
1,200 psi 115 100 

Masonry of hollow load-bearing units: 
2,000 plus, psi 140 120 
1,500 psi 115 100 
1,000 psi 75 70 
700 psi 60 55 

Hollow walls (cavity or masonry bonded)2 solid units: 
2,500 plus, psi 160 140 
1,500 psi 115 100 

Hollow units 75 70 

Stone ashlar masonry: 
Granite 720 640 
Limestone or marble 450 400 
Sandstone or cast stone 360 320 
Rubble stone masonry 
Coarse, rough or random 120 100 

Unburned clay masonry 30 -

I Linear interpolation may be used for determining allowable stresses for masonry units having conpressive strengths 
which are intermediate between those given in the table. 

2Where floor and roof loads are carried upon one wythe, the gross cross-sectional area is that of tht wythe under load. 
If both wythes are loaded, the gross cross-sectional area is that of the wall minus the area of the cavity between the 
wythes. 
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TABLE 21-N-ALLOWABLE SHEAR ON BOLTS FOR EMPIRIC~LLY 
DESIGNED MASONRY EXCEPT UNBURNED CLAY UNITS 

DIAMETER BOLT EMBEDMENT! SOLID MASONRY GRI)UTED MASONRY 
(Inches) (Inches) (shear In pounds) (fhear In pounds) 

x 25.4formm x 4.45 for N 

1f2 4 350 550 
5/s 4 500 750 
314 5 750 1,100 

1fg 6 1,000 1,500 

I 7 1,250 1,8502 

Jlfg 8 1,500 2,2502 
.. 

I An addtttonal 2 mches of embedment shall be provtded for anchor bolts located m the top Jf columns for butldmgs 
located in Seismic Zones 2, 3 and 4. 

2Permitted only with not less than 2,500 pounds per square inch ( 17.24 MPa) units. 

TABLE 21·0-WALL LATERAL SUPPORT REQUIREMENTS 
FOR EMPIRICAL DESIGN OF MASONRY 

CONSTRUCTION MAXIMUM L !or hit 

Bearing walls 
Solid or solid grouted 20 
All other 18 

Nonbearing walls 
Exterior 18 
Interior 36 

TABLE 21-P-THICKNESS OF FOUNDATION WALLS FOR EMPIRICAL DESIGN OF MASONRY 

FOUNDATION WALL CONSTRUCTION 

Masonry of hollow units, ungrouted 

Masonry of solid units 

Masonry of hollow or solid 
units, fully grouted 

Masonry of hollow units 
reinforced vertically with No.4 bars and grout at 
24" o.c. Bars located not less than 41/2" from 
pressure side of wall. 

NOMINAL 
THICKNESS (Inches) 

x 25.41ormm 

8 
10 
12 

8 
10 
12 

8 
10 
12 

8 

MA 
UNBI 

XIMUM DEPTH OF 
ILANCED FILL (feet) 

x 304.8 for mm 

4 
5 
6 

5 
6 
7 

7 
8 
8 

7 

TABLE 21-Q-ALLOWABLE SHEAR ON BOLTS FOR MASONRY OF UNBUUNED CLAY UNITS 

DIAMETER OF BOLTS 
(Inches) 

x 25.4for mm 

1f2 
5/s 
314 

1fg 

I 
11/s 

EMBEDMENTS 
(Inches) 

-
12 
IS 
18 
21 
24 

SHEAR 
(pounds) 

x 4.45 for N 

200 
300 
400 
500 

600 
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CHAP. 22, DIV. I 
2201-2202.2.2 

SECTION 2201 - SCOPE 

Chapter 22 

STEEL 

Division I-GENERAL 

1994 UNIFORM BIJILDING CODE 

The quality, testing and design of steel used structurally in buildings or structures shall conform to 
the requirements specified in this chapter. 

SECTION 2202- DESIGN AND IDENTIFICATION OF STEEL FOR STFlUCTURES 

2202.1 Standards of Quality. The standards listed below labeled a "U.B.C. standard" are also 

I listed in Chapter 35, Part II, and are part of this code. The other standards listed bdow are recog­
nized standards. (See Sections 3502 and 3503.) 

• 
1. Material specifications. 

U.B.C. Standard 22-1, Material Specifications for Structural Steel 

2. Design. 
2.1 ANSI/ASCE 8, Specification for the Design of Cold-formed Stainless Steel Structural 

Members, American Society of Civil Engineers 

2.2 AISC Seismic Provisions for Structural Steel Buildings 

3. Connectors. 

ASTM A 502, Structural Rivet Steel 

2202.2 Identification. 

2202.2.1 General. Steel furnished for structural load-carrying purposes shall be properly identi­
fied for conformity to the ordered grade in accordance with approved national standards, the provi­
sions of this chapter and the appropriate U.B.C. standards. Steel which is not readily identifiable as 
to grade from marking and test records shall be tested to determine conformity to such standards. 

2202.2.2 Structural steel. Structural steel shall be identified by the mill in accordance with ap­
proved national standards. When such steel is furnished to a specified minimum yield point greater 
than 36,000 pounds per square inch (psi) (248 MPa), the American Society for Testing and Materi­
als (ASTM) or other specification designation shall be so indicated. 

The fabricator shall maintain identity of the material and shall maintain suitable procedures and 
records attesting that the specified grade has been furnished in conformity with the applicable stan­
dard. The fabricator's identification mark system shall be established and on record prior to fabrica­
tion. 

When structural steel is furnished to a specified minimum yield point greater than 36,000 psi (248 
MPa), the ASTM or other specification designation shall be included near the erection mark on each 
shipping assembly or important construction component over any shop coat of paint prior to ship­
ment from the fabricator's plant. Pieces of such steel which are to be cut to smalle· sizes shall, be­
fore cutting, be legibly marked with the fabricator's identification mark en each of the 
smaller-sized pieces to provide continuity of identification. When subject to fabrication operations, 
prior to assembling into members, which might obliterate paint marking, such a~; blast cleaning, 
galvanizing or heating for forming, such pieces of steel shall be marked by steel die >tamping or by a 
substantial tag firmly attached. 

Individual pieces of steel having a minimum specified yield point in excess of 36,000 psi (248 
MPa), which are received by the fabricator in a tagged bundle or lift or which have only the top 
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2202.2.2-2207 

shape or plate in the bundle or lift marked by the mill shall be marked by the fabricator prior to use in 
accordance with the fabricator's established identification marking system. 

2202.2.3 Cold-formed carbon and low-alloy steel. Cold-formed carbon and low-alloy steel 
used for structural purposes shall be identified by the mill in accordance with approved national 
standards. When such steel is furnished to a specified minimum yield point gr,!ater than 33,000 psi 
(228 MPa), the fabricator shall indicate the ASTM or other specification desi;~nation, by painting, 
decal, tagging or other suitable means, on each lift or bundle of fabricated elements. 

When cold-formed carbon and low-alloy steel used for structural purposes has a specified yield 
point equal to or greater than 33,000 psi (228 MPa), which was obtained through additional treat­
ment, the resulting minimum yield point shall be identified in addition to the s Jecification designa­
tion. 

2202.2.4 Cold-formed stainless steel. Cold-formed stainless steel structurd members designed 
in accordance with recognized standards shall be identified as to grade through mill test reports. See 
reference to ANSI/ASCE 8-90 in U.B.C. Chapter 35. A certification shall be furnished that the 
chemical and mechanical properties of the material supplied equals or exceeds that considered in 
the design. Each lift or bundle of fabricated elements shall be identified by painting, decal, tagging 
or other suitable means. 

2202.2.5 Open-web steel joists. Open-web steel joists and similar fabric<,ted light steel load­
carrying members shall be identified in accordance with Division III as to type, size and manufac­
turer by tagging or other suitable means at the time of manufacture (If fabrication. Such 
identification shall be maintained continuously to the point of their installation in a structure. 

SECTION 2203 - STRUCTURAL STEEL CONSTRUCTION 

The design, fabrication and erection of structural steel shall be in accordance with the requirements 
of Division VIII (LRFD) or Division IX (ASD). Seismic design of structures, where required, shall 
comply with the following: 

Section 2211 or 2212 for structures designed in accordance with Division IX (ASD) or approved 
national standards. 

SECTION 2204 - COLD-FORMED CARBON AND LOW-ALLOY STEEL 
CONSTRUCTION 

The design of cold-formed carbon or low-alloy steel structural members shall be in accordance with 
the requirements of Division V or X. 

SECTION 2205 - COLD-FORMED STAINLESS STEEL CONSTRUCTION 

The design of cold-formed stainless steel structural members shall be in accordance with approved I 
national standards. (See Section 2202.) 

SECTION 2206 - OPEN-WEB STEEL JOISTS AND JOIST GIRDERS 

The design, manufacture and use of steel joist, K, LH and KLH series and joist girders shall be in I 
accordance with Division III. 

SECTION 2207- STEEL STORAGE RACKS 

Steel storage racks may be designed in accordance with the provisions of Divi5ion VI, except that in 
Seismic Zones 3 and 4, wholesale and retail sales areas, the W used in the desi!:n of racks over 8 feet I 
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I (2438 mm) in height shall be equal to the weight of the rack structure and contents with no reduc­
tions. 

SECTION 2208 - STEEL CABLES 

Structural applications of steel cables for buildings shall be in accordance with the provisions of 
Division VII. 

SECTION 2209 - WELDING 

I Welding procedures, welder qualification requirements and welding electrodes shall be in accor­
dance with Divisions V, VIII and IX or X and approved national standards. 

SECTION 2210- BOLTS 

The use of high-strength A 325 and A 490 bolts shall be in accordance with the requirements of 
Division IV. 

Anchor bolts shall be set accurately to the pattern and dimensions called for on the plans. The 
protrusion of the threaded ends through the connected material shall be sufficient to fully engage 
the threads of the nuts, but shall not be greater than the length of threads on the bolts. Base plate 
holes for anchor bolts may be oversized as follows: 

Bolt Size, inches (mm) 
3/4 (19.1) 
7 /g (22.2) 
1 < 2 (25.4 < 50.8) 
>2 (> 50.8) 

Hole Size, inches (mm) 
5/16 (7.9) oversized 
5/16 (7.9) oversized 
1h (12.7) oversized 
1 (25.4) >bolt diameter 

SECTION 2211 -STEEL STRUCTURES RESISTING FORCES INDUCED BY 
EARTHQUAKE MOTIONS IN SEISMIC ZONES 3 AND 4 

2211.1 General. Design and construction of steel framing in lateral-force-resisting systems in 
Seismic Zones 3 and 4 shall conform to the requirements of the code and to the requirements of this 
section. 

2211.2 Definitions. 

I ALLOWABLE STRESSES are prescribed in Divisions V and IX. 

CHEVRON BRACING is that form of bracing where a pair of braces located either above or 
below a beam terminates at a single point within the clear beam span. 

CONNECTION is the group of elements that connect the member to the joint. 

DIAGONAL BRACING is that form of bracing that diagonally connects joints at different 
levels. 

I ECCENTRICALLY BRACED FRAME (EBF) is a diagonal braced frame i 11 which at least 
one end of each bracing member connects to a beam a short distance from a beam-to-column con­
nection or from another beam-to-brace connection. 

GIRDER is the horizontal member in a seismic frame. The words beam and girder may be used 
interchangeably. 

JOINT is the entire assemblage at the intersections of the members. 

K BRACING is that form of bracing where a pair of braces located on one side of a column ter­
minates at a single point within the clear column height. 

LINK BEAM is that part of a beam in an eccentrically braced frame which is designed to yield in 
shear and/or bending so that buckling of the bracing members is prevented. 
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STRENGTH is the strength as prescribed in Section 2211.4.2. 

CHAP. 22, DIV. I 
2211.2-2211.5.1 

V BRACING is that form of chevron bracing that intersects a beam frorr above and inverted 
V bracing is that form of chevron bracing that intersects a beam from below. 

X BRACING is that form of bracing where a pair of diagonal braces cross near mid length of the 
bracing members. 

2211.3 Symbols and Notations. The symbols and notations unique to this section are as follows: 

M.r flexural strength. 
PoL axial dead load. 

PE axial load on member due to earthquake. 

PLL axial live load. 
P.1·c = compressive axial strength of member. 
Ps1 tensile axial strength of member. 

Vr shear strength of member. 

Z plastic section modulus. 

2211.4 Materials. 

2211.4.1 Quality. Structural steel used in lateral-force-resisting systems shall conform to A 36, I 
A 500, A 501, A 572 (Grades 42 and 50) and A 588. Structural steel conforming to A 283 (Grade D) 
may be used for base plates and anchor bolts. 

EXCEPTION: Other steels pennitted in this code may be used for the followir g: 
I. One-story buildings. 
2. Light-framed wall systems in accordance with Section 2211.10. 

2211.4.2 Member strength. Where this section requires that the strength of1he member be devel­
oped, the following shall be used: 

Flexure 
Shear 

Axial compression 
Axial tension 
Connectors 

Full-penetration welds 
Partial penetration welds 
Bolts and fillet welds 

Strength 
Ms =ZFy 
Vs = 0.55 Fvdt 
Psc = 1.7 F~A 
Ps1 = FyA 

FvA 
1:7 allowable 
1.7 allowable 

Members need not be compact unless otherwise required by this section. 

2211.5 Column Requirements. 

2211.5.1 Column strength. Columns shall satisfy the load combinations required by Section 
1603.6 at allowable stress limits, with stress increases allowed by Section 1603.5. In addition, in 
Seismic Zones 3 and 4, columns in frames shall have the strength to resist the axial loads resulting 
from the load combinations in Items 1 and 2 following. 

1. Axial compression 
1.0 PoL + 0.7 Pu + 3(Rwi8)PE 

2. Axial tension 

0.85 PoL ± 3(Rwi8)PE 
EXCEPTION: The axial load combination as outlined in Items I and 2 above: 
I. Need not exceed either the maximum force that can be transferred to the column by elements of the struc­

ture, or the limit as detennined by the overturning uplift which the foundation is cr pable of resisting. 
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2. Need not apply to columns in moment-resisting frames complying with Formula (11-3.1) or (11-3.2) 
where fa is equal to or less than 0.3 Fy for all load combinations. 

The load combinations from Items I and 2 need be used only when specifically referred to. 

2211.5.2 Column splices. Column splices shall have sufficient strength to develop the column 
forces determined from Section 22II.5.1. Welded column splices subject to net tensile forces shall 
comply with the more critical of the following: 

I. Partial penetration welds shall be designed to resist ISO percent of the force determined from 
Section 2211.5.1, Item 2. 

2. Welding shall develop not less than 50 percent of the flange area strength of the smaller col­
umn. 

Splices employing partial penetration welds shall be located at least three feet ~914 mm) from 
girder flanges. 

2211.5.3 Slenderness evaluation. This paragraph is applicable when the provisions are applied 
to the effective length determination of columns of moment frames resisting earthquake forces. In 
the plane of the earthquake forces the factor K may be taken as unity when all of th(: following con­
ditions are met: 

I. The column is either continuous or is fixed at each joint. 

2. The maximum axial compressive stress, .fa, does not exceed 0.4 Fy under design loads. 

3. The calculated story drift ratios are Jess than the values given in Section 16:~8.8. 

2211.6 Ordinary Moment Frame Requirements. Ordinary moment frames (OMF) shall be de­
signed to resist the load combinations in Section 1603.6. 

All beam-to-column connections in OMFs which resist earthquake forces shall meet one of the 
following requirements: 

I. Fully restrained (Type F.R. or Type I) conforming with Section 221I. 7 .I. 

2. Fully restrained (Type F.R. or Type I) connections with the design strengths of the connections 
capable of resisting a combination of gravity loads and 3 (Rw/8) times the design seismic forces. 

3. Partially restrained (Type P.R. or Type 3) connections are permitted provided: 

3.1 The connections are designed to resist the load combinations in Section 1603.6, and 

3.2 The connections have been demonstrated by cyclic tests to have adequate rotation capacity to 
accommodate a story drift due to 3 (Rw/8) times the design seismic forces. 

3.3 The moment frame drift calculations shall include the contribution due to :he rotation and 
distortion of the connection. 

See Divisions VIII and IX for definitions of fully restrained and partially restrained connections. 

2211.7 Special Moment-resisting Frame (SMRF) Requirements. 

2211.7.1 Girder-to-column connection. 

2211.7.1.1 Required strength. The girder-to-column connection shall be adequate to develop 
the lesser of the following: 

I. The strength of the girder in flexure. 

2. The moment corresponding to development of the panel zone shear strength as determined 
from Formula (II-I). 
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2211.7.1.2 Connection strength. Connection configurations utilizing welds or high-strength • 
bolts shall demonstrate, by approved cyclic test results or calculation, the ability to sustain inelastic 
rotation and develop the strength criteria in Section 2211.7 .1.1 considering the effect of steel over­
strength and strain hardening. 

2211.7.1.3 Flange detail limitations. For steel whose specified ultimate str,~ngth is less than 1.5 
times the specified yield strength, plastic hinges shall not form at locations in which the beam flange 
area has been reduced, such as for bolt holes. Bolted connections of flange plltes of beam-column 
joints shall have the net-to-gross area ratio AeiAg equal to or greater than 1.2 Fvl Fu. 

2211.7.2 Panel zone. 

2211.7.2.1 Strength. The panel zone of the joint shall be capable of resisting the shear induced by 
beam bending moments due to gravity loads plus 1.85 times the prescribed seismic forces, but the 
shear strength need not exceed that required to develop 0.8-l'J\.(, of the girders framing into the col­
umn flanges at the joint. The joint panel zone shear strength may be obtained from the following 
formula: 

v 

WHERE: 
be the width of the column flange. 

dh the depth of the beam. 

de the column depth. 

= the total thickness of the joint panel zone including doubler plates. 

tef = the thickness of the column flange. 

(11-1) 

2211.7.2.2 Thickness. The panel zone thickness, tz, shall conform to the following formula: 

(11-2) 

WHERE: 
dz the panel zone depth between continuity plates. 

wz = the panel zone width between column flanges. 

For this purpose, tz, shall not include any double plate thickness unless the doubler plate is con­
nected to the column web with plug welds adequate to prevent local buckJir,g of the plate. 

2211.7.2.3 Doubler plates. Doubler plates provided to reduce panel zone sh,~ar stress or to reduce 
the web depth thickness ratio shall be placed not more than 1/16 inch (1.6 mm) from the column web 
and shall be welded across the plate width top and bottom with at least a 3/16-inch (4.7 mm) fillet 
weld. They shall be either butt or fillet welded to the column flanges to develop the shear strength of 
the doubler plate. Weld strength shall be as given in Section 2211.4.2. 
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2211.7.3 Width-thickness ratio. Girders shall comply with Division IX, except that the flange 

I 
width-thickness ratio, bt 121[, shall not exceed 52/ [F; (For SI: 0.3I j E /F.). The width-thickness 
ratio of column sections shall meet the requirements of Division IX, Section 225I N7. The outside 

wall width-thickness ratio of rectangular tubes used for columns shall not exceed II 0/ [F; (For SI: 

0.65 JE/ F.), unless otherwise stiffened. 

• 

2211.7.4 Continuity plates. When determining the need for girder tension flwge continuity 
plates, the value of Pbf in Division IX shall be taken as 1.8 (bf[)Fvh· 

2211.7.5 Strength ratio. At any moment frame joint, the following relationship> shall be satis­
fied: 

(li-3.1) 

or 

(11-3.2) 

WHERE: 

fa> 0 
Mpz = the sum of beam moments when panel zone shear strength reaches the value specified in 

Formula ( 1I-I ). 

EXCEPTION: Columns meeting the compactness limitations for beams given in Sec :ion 2211.7.3 need 
not comply with this requirement provided they conform to one of the following conditicns: 

I. Columns with .fa less than 0.4 Fy for all load combinations other than loads specified iu Section 2211.5.1, 
and 

1.1 Which are used in the top story of a multistory building with building period greater than 0.7 
second; or 

1.2 Where the sum of their resistance is less than 20 percent of the shear in a story, and is less than 33 
percent of the shear on each of the column lines within that story. A column line is defined for the 
purpose of this exception as a single line of columns, or parallel lines of columns located within 
I 0 percent of the plan dimension perpendicular to the line of columns; or 

1.3 When the design for combined axial compression and bending is proportioned to satisfy Division 
IX without the one-third permissible stress increase. 

2. Columns in any story which have lateral shear strength 50 percent greater than that Jf the story above. 

3. Columns which lateral shear strengths are not included in the design to resist code- .·equired shears. 

2211.7.6 Trusses in SMRF. Trusses may be used as horizontal members in SMRF if the sum of 
the truss seismic force flexural strength exceeds the sum of the column seismic force flexural 
strength immediately above and below the truss by a factor of at least I.25. For this determination 
the strengths of the members shall be reduced by the gravity load effects. In buildings of more than 
one story, the column axial stress shall not exceed 0.4Fy and the ratio of the unbraced column height 
to the least radius of gyration shall not exceed 60. Columns shall have allowable stresses reduced 25 
percent when one end frames into a truss, and 50 percent when both ends frame i rlto trusses. The 
connection of the truss chords to the column shall develop the lesser of the following: 

I. The strength of the truss chord. 

2. The chord force necessary to develop I25 percent of the flexural strength of the column. 

2211.7.7 Girder-column joint restraint. 

2211.7.7.1 Restrained joint. Where it can be shown that the columns of SMRF remain elastic, the 
flanges of the columns need be laterally supported only at the level of the girder lop flange. 
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Columns may be assumed to remain elastic if one of the following conditions is satisfied: 

1. The ratio in Formula (11-3.1) or (11-3.2) is greater than 1.25. 

2. The flexural strength of the column is at least 1.25 times the moment that corresponds to the 
panel zone shear strength. 

3. Girder flexural strength or panel zone strength will limit column stress (Fa + fbx + fi,y) to Fy of 
the column. 

4. The column will remain elastic under gravity loads plus 3(Rw/8) times the prescribed seismic 
forces. 

Where the column cannot be shown to remain elastic, the column flanges shall be laterally sup­
ported at the levels of the girder top and bottom flanges. The column flange lateral support shall be 
capable of resisting a force equal to one percent of the girder flange capacity at allowable stresses 
and at a limiting displacement perpendicular to the frame of 0.2 inch (5.1 mrn). Required bracing 
members may brace the column flanges directly or indirectly through the column web or the girder 
flanges. 

2211.7.7.2 Unrestrained joint. Columns without lateral support transverse to a joint shall con­
form to the requirements of Division IX, with the column considered as pin '!nded and the length 
taken as the distance between lateral supports conforming with Section 2211.'7. 7 .I above. The col­
umn stress, .fa, shall be determined from gravity loads plus the lesser of the !allowing: 

1. 3(Rw/8) times the prescribed seismic forces. 

2. The forces corresponding to either 125 percent of the girder flexural strer.gth or the panel zone 
shear strength. 

The stress,fi,y. shall include the effects of the bracing force specified in Secti,)n 2211.7.7.1 and P!:i 
effects. · 

1/r for such columns shall not exceed 60. 

At truss frames the column shall be braced at each truss chord for a lateral force equal to one per­
cent of the compression yield strength of the chord. 

2211.7.8 Beam bracing. Both flanges of beams shall be braced directly or indirectly. The beam 
bracing between column center lines shall not exceed 96ry. In addition, bra,es shall be placed at 
concentrated loads where a hinge may form. · 

2211.7.9 Changes in beam flange area. Abrupt changes in beam flange a:ea are not permitted 
within possible plastic hinge regions of special moment-resistant frames. 

2211.7.10 Moment frame drift calculations. Moment frame drift calculations shall include 
bending and shear contributions from the clear girder and column spans, column axial deformation 
and the rotation and distortion of the panel zone. 

EXCEPTIONS: I. Drift calculations may be based on column and girder centei lines where either of the 
following conditions is met: 

1.1 It can be demonstrated that the drift so computed for frames of similar configuration is typically 
within 15 percent of that determined above. 

1.2 The column panel zone strength can develop 0.8l:'M5 of girders framing to the column flanges at 
the joint. 

2. Column axial deformations may be neglected if they contribute less than 10 percent to the total drift. 

2211.8 Requirements for Braced Frames. 

2211.8.1 General. The provisions of this section apply to all braced frames except special con-~ 
centrically braced frames designed in accordance with Section 2211.9 or eccentrically braced 
frames (EBF) designed in accordance with Section 2211.10. Those members which resist seismic 
forces totally or partially by shear or flexure shall be designed in accordance with Section 2211.7 
except Section 2211.7.3. 
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2211.8.2 Bracing members. 

2211.8.2.1 Slenderness. In Seismic Zones 3 and 4, the 1/r ratio for bracing members shall not ex­

ceed 720/ JF,: (For SI: 4.23 jE/Fy), except as permitted in Sections 2211.8.5 and 2211.8.6. 

2211.8.2.2 Stress reduction. The allowable stress, Fas• for bracing members n: sisting seismic 
forces in compression shall be determined from the following formula: 

Fa.• = BFa (11-4) 
WHERE: 

B = the stress-reduction factor determined from the following formula: 

B = 1/{1 + [(Kl/r)/2Cc]} ( 11-5) 

the allowable axial compressive stress allowed in Division IX. 

EXCEPTION: Bracing members carrying gravity loads may be designed using the column strength re­
quirement and load combinations of Section 2211.5.1, Item I. 

2211.8.2.3 Lateral-force distribution. The seismic lateral force along any line ,)f bracing shall 
be distributed to the various members so that neither the sum of the horizontal components of the 
forces in members acting in tension nor the sum of the horizontal components of forces in members 
acting in compression exceed 70 percent of the total force. 

EXCEPTION: Where compression bracing acting alone has the strength, neglecting t 1e stress-reduction 
factor 8, to resist 3(Rw/8) times the prescribed seismic force such distribution is not required. 

A line of bracing is defined, for the purpose of this provision, as a single line or parallel lines 
within 10 percent of the dimension of the structure perpendicular to the line of bracing. 

2211.8.2.4 Built-up members. The 1/r of individual parts of built-up bracing mfmbers between 
stitches, when computed about a line perpendicular to the axis through the parts, shall not be greater 
than 75 percent of the 1/r of the member as a whole. 

2211.8.2.5 Compression elements in braces. The width-thickness ratio of stiffe~ed and unstiff­
ened compression elements used in braces shall be as shown in Division IX. 

2211.8.3 Bracing connection. 

1
2211.8.3.1 Forces. Bracing connections shall have the strength to resist the least of the following: 

I. The strength of the bracing in axial tension, Psr· 

2. 3(Rw/8) times the force in the brace due to the prescribed seismic forces, in combination with 
gravity loads. 

3. The maximum force that can be transferred to the brace by the system. 

I Bracing connections shall, as a minimum, satisfy the load combinations required by Section 
1603.6 at allowable stress limits, with stress increases allowed by Section 1603.5. These 
combinations shall include the provisions for Sections 2211.8.2.2 and 2211.8.4.1 

I 
Beam-to-column connections for beams that are part of the bracing system shall have the capac­

ity to transfer the force determined above. Where eccentricities in the frame geometry or connec­
tion load path exist, the affected members and connections shall have the strength to resist all 
secondary forces resulting from the eccentricities in combination with all primary forces using the 
lesser of the forces determined above. 

2211.8.3.2 Net area. In bolted brace connections, the ratio of effective net secti :m area to gross 
section area shall satisfy the formula: 

A, 1.2aF* 
A

8 
~ F, (11-6) 
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WHERE: 

Ae = effective net area as defined in Division IX. 
Fu = minimum tensile strength. 
F* stress in brace as determined in Section 2211.8.3.1. 

a = fraction of the member force from Section 2211.8.3.1 that is transferr~d across a particular 
net section. 

2211.8.4 Bracing configuration. 

2211.8.4.1 Chevron bracing. Chevron bracing shall conform with the following: 

I. Bracing members shall be designed for 1.5 times the otherwise prescribed seismic forces, in I 
addition to the requirements of Section 2211.8.2.2. 

2. The beam intersected by chevron braces shall be continuous between columns. 

3. Where chevron braces intersect a beam from below, i.e., inverted V bm;e, the beam shall be 
capable of supporting all tributary gravity loads presuming the bracing not t'J exist. 

EXCEPTION: This limitation need not apply to penthouses, one-story buildings or the top story of build­
ings. 

2211.8.4.2 K bracing. K bracing is prohibited except as permitted in Secti•Jn 2211.8.5. 

2211.8.4.3 Nonconcentric bracing. Nonconcentric bracing shall conform with the following: I 
I. Any member intersected by the brace shall be continuous through the connection. 

2. When the eccentricity of the brace is greater than the depth of the inten;ected member at the 
eccentric location, the affected member shall have the strength to resist the forces prescribed in Sec­
tion 2211.8.3.1, including the effects of all secondary forces resulting from the eccentricities. 

2211.8.5 One- and two-story buildings. Braced frames not meeting the requirements of Sections 
2211.8.2 and 2211.8.4 may be used in buildings not over two stories in height and in roof structures 
as defined in Chapter 15 if the braces have the strength to resist 3(Rw/8) time; the code equivalent 
static forces. 

2211.8.6 Nonbuilding structures. Nonbuilding structures with Rw values defined by Table 16-P 
need comply only with the provisions of Section 2211.8.3. 

2211.9 Requirements for Special Concentrically Braced Frames. 

2211.9.1 General. The provisions of this section apply to special concentrically braced frame 
structures as defined in Section 1625. All members and connections in special braced frames shall 
be designed and detailed to resist shear and flexure caused by eccentricities in the geometry of the 
members comprising the frame in accordance with Section 2211.9. Any member intersected by a 
brace shall be continuous through the connection. Horizontal bracing that transfers forces between 
horizontally offset bracing in the vertical plane shall be subject to the requirements of Section 
2211.9, except Sections 2211.9.2.3; 2211.9.4.1, Item 3; and 2211.9.4.2. Horizontal bracing other 
than the above is not subjected to the requirements of Section 2211.9. 

2211.9.2 Bracing members. 

2211.9.2.1 Slenderness. The kllr ratio for bracing members shall not exceed I, 000/ jii'; (For SI: 

5.87 j E/ Fy), except as permitted in Section 2211.9.6. 

2211.9.2.2 Lateral-force distribution. The seismic lateral force along any line of bracing shall 
be distributed to the various members so that neither the sum of the horizontal components of forces 
in members acting in compression or tension exceed 70 percent of the total force. 

EXCEPTION: Where compression bracing acting alone has the strength to res st 3(Rw/8) times the pre­
scribed seismic force, such distribution is not required. 
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A line of bracing is defined, for the purposes of this provision, as a single line or parallel lines 
within 10 percent of the dimension of the structure perpendicular to the line of bracing. 

2211.9.2.3 Built-up members. The spacing of stitches shall be such that the slenderness ratio (1/r) 
of individual elements between the stitches does not exceed 0.4 times the governing slenderness 
ratio of the built-up member. The total shear strength of the stitches shall be at least equal to the 
tensile strength of each element. The spacing of the stitches shall be uniform and not less than two 
stitches shall be used. Bolted stitches shall not be located within the middle one fourth of the clear 
brace length. 

EXCEPTION: Where it can be shown that braces can buckle without causing shear in the stitches, the 
spacing of the stitches shall be such that the slenderness ratio (Vr) of the individual element between the 
stitches does not exceed 0.75 times the governing slenderness ratio of the built-up memb:r. 

2211.9.2.4 Compression elements in braces. The width-thickness ratio of ccmpression ele­
ments used in braces shall meet the requirements of Division IX, Table B5.1, for ccmpact sections. 

The width-thickness ratio of angle section shall be limited to 52/ [F; (For SI: 0.31 j E/ Fv)· Circu­
lar sections shall have outside diameter-wall thickness ratio not exceeding 1,~00/Fv (For SI: 

7.63 E/ Fy). rectangular tubes shall have outside wall width-thickness ratio not exce~ding II 0/ [F; 
(For SI: 0.65 j E/ Fv). 

EXCEPTION: Compression elements stiffened to resist local buckling. 

2211.9.3 Bracing connections. 

2211.9.3.1 Forces. Bracing connections shall have the strength to resist the lesser of the follow­
ing: 

1. The strength of the brace in axial tension, Psr· 

2. 3(Rwl8) times the force in the brace due to the prescribed seismic forces, in combination with 
gravity loads. 

3. The maximum force that can be transferred to the brace by the system. 

Bracing connections shall, as a minimum, satisfy the load combinations required by Section 
1603.6 at allowable stress limits with stress increases allowed by Section 1603.5. Beam-to-column 
connections for beams that are part of the bracing system shall have the capacity to transfer the force 
determined above. Where eccentricities in the frame geometry or connection load path exist, the 
affected members and connections shall have the strength to resist all secondary forces resulting 
from the eccentricities in combination with all primary forces using the lesser of the forces deter­
mined above. 

2211.9.3.2 Net area. In bolted brace connections, the ratio of effective net secti:m area to gross 
section shall satisfy Formula ( 11-6) of Section 2211.8.3.2. 

2211.9.3.3 Gusset plates. End connections of braces shall provide a flexural strength in excess of 
that of the brace gross section about the critical buckling axis. 

EXCEPTION: Where the out-of-plane buckling strength of the brace is less than the in-plane buckling 
strength and the brace terminates on a single gusset plate connection with a setback of two times the gusset 
thickness from a line about which the gusset plate may bend unrestrained by the column l)r beam joints, and 
the gusset plate shall be designed to carry the compressive strength of the brace without Juckling. 

2211.9.4 Bracing configuration. 

2211.9.4.1 Chevron bracing. Chevron bracing shall conform with the following: 

1. The beam intersected by chevron braces shall be continuous between columns. 

2. Where chevron braces intersect a beam from below, i.e., inverted V brace, tbe beam shall be 
capable of supporting all tributary gravity loads presuming the bracing not to exist. 
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3. A beam intersected by chevron braces shall have the strength to suppon the following tribu­
tary gravity loads and unbalanced brace force combinations: 

1.2D + 0.5L +Ph 
0.9D- Ph 

WHERE: 
D = tributary dead load. 
L tributary live load. 

Ph the maximum unbalanced post-buckling force that can be appliec to the beam by the 
braces. For this purpose, the maximum unbalanced force may be computed using a mini­
mum of P.,1 for the tension and a maximum of 0.3 Psc for the compression brace. 

4. Both flanges of beams at the point of intersection of chevron braces shall be laterally sup­
ported directly or indirectly. 

EXCEPTION: Limitations 2 and 3 need not apply to penthouses, one-story buii dings or the top story of 
buildings. 

2211.9.4.2 K bracing. K bracing is prohibited. 

2211.9.5 Columns. Columns in braced frames shall meet the requirements o' Section 2211.7.3. In 
addition to meeting the requirements of Sections 2211.5.1 and 2211.5.2, column splices shall be 
designed to develop the full shear strength and 50 percent of the full moment s1 rength of the section. 
Splices shall be located in the middle one third of the column clear height. 

2211.9.6 Nonbuilding structures. Nonbuilding structures with Rw values defined by Table 16-P 
need comply only with the provisions of Sections 2211.9.3.1 and 2211.9.3.2. 

2211.10 Eccentrically Braced Frame (EBF) Requirements. 

2211.10.1 General. Eccentrically braced frames shall be designed in acco-dance with this sec­
tion. 

2211.10.2 Link beam. There shall be a link beam provided at least at one end of each brace. 
Beams in EBFs shall comply with the requirements of Division IX, except that the flange 

width-thickness ratio, htl2tt, shall not exceed 52/j'i;. (For SI: 0.31 j E/ Fv .) 

2211.10.3 Link beam strength. Link beam shear strength, Vs, and flexural strength, M.,. are the 
strengths as defined in Section 2211.4.2. Where link beam strength is governed by shear, the flexu­
ral and axial capacities within the link shall be calculated using the beam flanges only. 

A reduced flexural strength, Mrs• for use in Sections 2211.10.8 and 2211.10.13 is defined as 
Z(Fy-fa). Where fa is less than O.I5Fy.fa may be neglected. 

2211.10.4 Link beam rotation. The rotation of the link segment relative to the rest of the beam, at 
a total frame drift of 3(Rw/8) times the drift determined for prescribed seismic forces, shall not ex­
ceed the following: 

1. 0.060 radians for link segments having clear lengths of 1.6 M.,IVs or less. 

2. 0.015 radians for link segments having clear lengths of 3.0 MsiVs or greater. 

3. A value obtained by linear interpolation for clear lengths between the above limits. 

2211.10.5 Link beam web. The web of the link beam shall be single thickness without doubler 
plate reinforcement. No openings shall be placed in the web of a link beam. The web shear shall not 
exceed 0.8Vs under prescribed lateral forces. 

2211.10.6 Beam connection braces. Brace-to-beam connections shall dev~lop the compression 
strength of the brace and transfer this force to the beam web. No part of the brace-to-beam connec­
tion shall extend into the web area of a link beam. 
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2211.10.7 Link beam stiffeners. Link beams shall have full-depth web stiffeners ')n both sides of 
the beam web at the brace end of the link beam. In addition, for link beams with clear lengths within 
the limits in Section 2211.1 0.4, Item 3, full-depth stiffeners shall be placed at a distance bt from 
each end of the link. The stiffeners shall have a combined width not less than b-2tv. and a thtckness 
not less than 0.75 tw or less than 3/s inch (9.5 mm). 

2211.10.8 Intermediate stiffeners. Intermediate full-depth web stiffeners shall be provided in 
either of the following conditions: 

I. Where the link beam strength is controlled by Vs. 

2. Where the link beam strength is controlled by flexure and the shear determined by applying 
the reduced flexural strength, Mrs• exceeds 0.45 Fydt. 

2211.10.9 Web stiffener spacing. Where intermediate web stiffeners are required, the spacing 
shall conform to the requirements given below. 

I. For link beams with rotation angle of 0.06 radians, the spacing shall not exceed 38tw -d/5. 

2. For link beams with a rotation angle of 0.03 radians or less, the spacing shall not exceed 
56tw -d/5. Interpolation may be used for rotation angles between 0.03 and 0.06 ntdians. 

2211.10.10 Web stiffener location. For beams 24 inches (610 mm) in depth and ~;reater, interme­
diate full-depth web stiffeners are required on both sides of the web. Such web stiffeners are re­
quired only on one side of the beam web for beams less than 24 inches (610 mm) in depth. The 
stiffener thickness, tw, of one side stiffeners shall not be less than 3/8 inch (9.5 mrn) and the width 
shall not be less than (bt/2)-tw. 

2211.10.11 Stiffener welds. Fillet welds connecting the stiffener to the beam wet shall develop a 
stiffener force of As 1 Fv. Fillet welds connecting the stiffener to the flanges shall develop a stiffener 
force of As 1Fyl4. · 

WHERE: 
A.H = bt of stiffener. 

b = width of stiffener plate. 

I 2211.10.12 Link beam-column connections. Length of link beam connected to columns shall 
not exceed 1.6 Ms!V.r. 

l. Where a link beam is connected to the column flange, the following requir~ments shall be 
met: 

1.1 The beam flanges shall have full-penetration welds to the column. 

1.2 Where the link beam strength is controlled by shear in conformance with Section 
2211.1 0.8, the web connection shall be welded to develop the full link beam web shear 
strength. 

2. Where the link beam is connected to the column web, the beam flanges shall have full-pene­
tration welds to the connection plates and the web connection shall be welded to develop the link 
beam web shear strength. Rotation between the link beam and the column shall D)t exceed 0.015 
radians at 3(Rw/8) times the drift due to the prescribed seismic forces. 

2211.10.13 Brace and beam strengths. The controlling link beam strength is ~ither the shear 
strength, V:,, or the reduced flexural strength, Mrs• whichever results in the lesser axial force in the 
brace. 

Each brace and beam outside the link shall have axial strength or reduced flexural strength, Mrs• 
at least 1.5 times the forces corresponding to the controlling link beam strength. 

2211.10.14 Column strength. Columns shall be designed to remain elastic at 1.25 times the 

I strength of the EBF bay, as defined in Section 2211.10.13 above. Column strength 11eed not exceed 
the requirements of Section 2211.5. 
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2211.10.15 Roof link beam. A link beam is not required in roof beams for EBF over five stories. 

2211.10.16 Concentric brace in combination. The first story of an EBF bay over five stories in 
height may be concentrically braced if this story can be shown to have an elasti~ capacity 50 percent 
greater than the yield capacity of the story frames above the first story. 

2211.10.17 Axial forces. Axial forces in beams of EBF frames due to braces .md due to transfer of 
seismic force to the end of the frames shall be included in the frame calculations. 

2211.10.18 Beam flanges. Top and bottom flanges of EBF beams shall be literally braced at the I 
ends of link beams and at intervals not exceeding 76/ [F; (For SI: 0.45 /E! Fv) times the beam 
flange width. End bracing shall be designed to resist 6.0 percent of the beam flange strength, de- I 
fined as Fyb1t1. Intermediate bracing shall be designed to resist 1.0 percent of the beam flange force 
at the brace point using the link beam strength determined in Section 2211.10.13. 

2211.10.19 Beam-column connection. Beam connections to columns may be designed as pins in 
the plane of the beam web if the link beam is not adjacent to the column. Such connection shall have 
the capacity to resist a torsional moment of O.OlFv bfttd· 

2211.11 Stud Wall Systems. Stud wall systems may be used to resist the specified seismic forces 
in buildings not over five stories in height. Such systems shall comply with the following: 

1. The 1/r of the brace may exceed 200 and is unlimited. 

2. All boundary members, chords and collectors shall be designed and detailed to transmit the 
induced axial forces. 

3. Connection of the diagonal bracing member, top chord splices, boundary members and col­
lectors shall be designed to develop the full tensile strength of the member or 3(Rwl8) times the 
otherwise prescribed seismic forces. 

4. Vertical and diagonal members of the braced bay shall be anchored so the bottom track is not 
required to resist uplift forces by bending of the track web. 

5. Both flanges of studs in a bracing panel shall be braced to prevent later:tl torsional buckling. 
Wire tied bridging shall not be considered to provide such restraint. 

6. Screws shall not be used to resist lateral forces by pullout resistance. 

7. Provision shall be made for pretensioning or other methods of installation of tension-only 
bracing to guard against loose diagonal straps. 

SECTION 2212 - STEEL STRUCTURES RESISTING FORCES INIDUCED BY 
EARTHQUAKE MOTIONS IN SEISMIC ZONES 1 AND 2 

2212.1 General. Design and construction of steel framing in lateral-force-resisting systems in 
Seismic Zones l and 2 shall conform to the requirements of this code. In addi lion, in Seismic Zone 
2, such framing shall conform to the requirements of this section. Ordinary moment frames in Seis­
mic Zone 1, meeting the requirements of Section 2212.4, may use an Rw value of 12. Other framing 
in Seismic Zone l need not comply with this section. 

2212.2 Definitions. Definitions shall be as prescribed in Section 2211.2. 

2212.3 Materials. Materials shall be as prescribed in Section 2211.4. 
EXCEPTION: Ordinary moment frames in accordance with Section 2212.4. 

2212.4 Ordinary Moment Frame Requirements. Ordinary moment frames (OMF) shall be de-~ 
signed to resist the load combinations in Section 1603.6. Ordinary moment frames in Seismic Zone 1 
meeting these requirements may use an Rw value of 12. 

All beam-to-column connections in OMFs which resist earthquake forces shall meet one of the 
following requirements: 
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1. Fully restrained (Type F.R. or Type I) conforming with Section 22I2.5.1. 

2. Fully restrained (Type F.R. or Type I) connections with the design strengths of the connec­
tions capable of resisting a combination of gravity loads and 3 (Rw/8) times the design seismic 
forces. 

3. Partially restrained (Type P.R. or Type 3) connections are permitted providd: 

3.1 The connections are designed to resist the load combinations in Section 1603.6, and 

3.2 The connections have been demonstrated by cyclic tests to have adequate rotation capac­
ity to accommodate a story drift due to 3 (Rw/8) times the design seismic forces. 

3.3 The moment frame drift calculations shall include the contribution due to the rotation and 
distortion of the connection. 

See Divisions VIII and IX for definitions of fully restrained and partially restrained connections. 

2212.5 Special Moment-resisting Frame (SMRF) Requirements. 

2212.5.1 Girder-to-column connection. 

2212.5.1.1 Required strength. The girder-to-column connection shall be adeq1ate to develop 
the lesser of the following: 

l. The strength of the girder in flexure. 

2. The moment corresponding to development of the panel zone shear strength as determined 
from Formula (II-I). 

EXCEPTION: Where a connection is not designed to contribute flexural resistance at the joint, it need 
not develop the required strength if it can be shown to meet the deformation compatibility requirements of 
Section 1631.2.4. 

2212.5.1.2 Connection strength. The girder-to-column connection may be considered to be ade­
quate to develop the flexural strength of the girder if it conforms to the following: 

I. The flanges have full-penetration butt welds to the columns. 

2. The girder web-to-column connection shall be capable of resisting the girder shear deter­
mined for the combination of gravity loads and the seismic shear forces which n~sult from com­
pliance with Section 22I2.5.1.1. This connection strength need not exceed that required to develop 
gravity loads plus 3(Rw/8) times the girder shear resulting from the prescribed se smic forces. 

Where the flexural strength of the girder flanges is greater than 70 percent of the 11exural strength 
of the entire section [i.e., by (d-tt)Fy>0.1ZxFy] the web connection may be made by means of 
welding or high-strength bolting. 

For girders not meeting the criteria in the paragraph above, the girder web-to-column connection 
shall be made by means of welding the web directly or through shear tabs to the column. That weld­
ing shall have a strength capable of development at least 20 percent of the flexural strength of the 
girder web. The girder shear shall be resisted by means of additional welds or friction-type high­
strength bolts or both. 

2212.5.1.3 Alternate connection. Connection configurations utilizing welds or high-strength 
bolts not conforming with Section 22I2.5.I.2 may be used if they are shown by test or calculation to 
meet the criteria in Section 2212.5.1.1. Where conformance is shown by calculation, I25 percent of 
the strengths of the connecting elements may be used. 

2212.5.1.4 Flange detail limitations. For steel whose specified strength is less tt an 1.5 times the 
specified yield strength, plastic hinges shall not form at locations in which the beam flange area has 
been reduced, such as for bolt holes. Bolted connections of flange plates of beam-column joints 
shall have the net-to-gross area ratio Ae/A8 equal to or greater than I.2F yfFu. 

2212.5.2 Trusses in SMRF. Trusses may be used as horizontal members in SMRF if the sum of 
the truss seismic force flexural strength exceeds the sum of the column seismic force flexural 
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strength immediately above and below the truss by a factor of at least 1.25. For this determination, 
the strengths of the members shall be reduced by the gravity load effects. In bt1ildings of more than 
one story, the column axial stress shall not exceed 0.4Fy and the ratio of the unbraced column height 
to the least radius of gyration shall not exceed 60. The connection of the truss chords to the column 
shall develop the lesser of the following: 

I. The strength of the truss chord. 

2. The chord force necessary to develop 125 percent of the flexural stren!:th of the column. 

2212.5.3 Girder-column joint restraint. 

2212.5.3.1 Restrained joint. Where it can be shown that the columns of S\1RF remain elastic, 
the flanges of the columns need be laterally supported only at the level of th! girder top flange. 

Columns may be assumed to remain elastic if one of the following conditions is satisfied: 

I. The ratio in Formula ( 11-3.1) or ( 11-3.2) is greater than 1.25. 

2. The flexural strength of the column is at least 1.25 times the moment th 1t corresponds to the 
panel zone shear strength. 

3. Girder flexural strength or panel zone strength will limit column stress(~ + fhx + fhv) to Fv of 
the column. · · 

4. The column will remain elastic under gravity loads plus 3(Rw/8) times tbe prescribed seismic 
forces. 

Where the column cannot be shown to remain elastic, the column flanges shall be laterally sup­
ported at the levels of the girder top and bottom flanges. The column flange lateral support shall be 
capable of resisting a force equal to one percent of the girder flange capacity at allowable stresses 
[and at a limiting displacement perpendicular to the frame of 0.2 inch (5.08 mn)]. Required bracing 
members may brace the column flanges directly or indirectly through the column web or the girder 
flanges. 

2212.5.3.2 Unrestrained joint. Columns without lateral support transverse to a joint shall con­
form to the requirements of Division IX, with the column considered as a pin ended and the length 
taken as the distance between lateral supports conforming with Section 2212.5.3.1. The column 
stress, Fa, shall be determined from gravity loads plus the lesser of the folio .ving: 

I. 3(Rw/8) times the prescribed seismic forces. 

2. The forces corresponding to either 125 percent of the girder flexural strength or the panel zone 
shear strength. 

The stress,fi,y. shall include the effects of the bracing force specified in Section 2212.5.3.1 and 
P d effects. · 

/Jr for such columns shall not exceed 60. 

At truss frames, the column shall be braced at each truss chord for a lateral force equal to one 
percent of the compression yield strength of the chord. 

2212.5.4 Changes in beam flange area. Abrupt changes in beam flange area are not permitted 
within possible plastic hinge regions of special moment-resistant frames. 

2212.6 Requirements for Braced Frames. 

2212.6.1 General. The provisions of this section apply to all braced framef, except special con-~ 
centrically braced frames designed in accordance with Section 2211.9 and eccentrically braced 
frames designed in accordance with Section 2211.9. Those members which resist seismic forces 
totally or partially by shear or flexure shall be designed in accordance with 3ection 2212.5. 

2212.6.2 Bracing members. 

2212.6.2.1 Stress reduction. The allowable stress, Fas• for bracing members resisting seismic 
forces in compression shall be determined from the following formula: 
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F ... = BF. (12-1) 
WHERE: 

B = the stress-reduction factor determined from the following formula: 

B = 1/{1 + [(Kl/r)/2CJ) ;::::; 0.8 (12-2) 

the allowable axial compressive stress allowed in Division IX. 

EXCEPTION: Bracing members carrying gravity loads may be designed using the column strength re-
quirement and load combinations of Section 2211.5 .I, Item I. 

2212.6.2.2 Built-up members. The 1/r of individual parts of built-up bracing members between 
stitches, when computed about a line perpendicular to the axis through the parts, shall not be greater 
than 75 percent of the 1/r of the member as a whole. 

2212.6.2.3 Compression elements in braces. The width-to-thickness ratio of stiffened and un­
stiffened compression elements used in braces shall be shown in Division IX. 

2212.6.3 Bracing connections. 

2212.6.3.1 Forces. Bracing connections shall be designed for the lesser of the following: 

I. The tensile strength of the bracing. 

2. 3(Rw/8) times the force in the brace due to prescribed seismic forces. 

3. The maximum force that can be transferred to the brace by the system. 

Beam-to-column connections for beams that are part of the bracing system shall have the capac­
ity to transfer the force determined above. 

2212.6.3.2 Net area. In bolted brace connections, the ratio of effective net section area to gross 
section area shall satisfy the formula: 

WHERE: 

1.2aF * 
F. 

effective net area as defined in Division IX. 
gross area of the member. 
minimum tensile strength. 

stress in brace due to the forces determined in Section 2211.8.3.1. 

(12-3) 

a. = fraction of the member force from Section 2211.8.3.1 that is transferred across a particular 
net section. 

2212.6.4 Bracing configuration for chevron and K bracing. Bracing memb~rs shall be de­
signed for 1.5 times the otherwise prescribed forces. 

The beam intersected by chevron braces shall be continuous between columns 

Where chevron braces intersect a beam from below, i.e., inverted V brace, the beam shall be capa­
ble of supporting all tributary gravity loads presuming the bracing not to exist. 

EXCEPTION: This limitation need not apply to penthouses, one-story buildings or tht top story of build-
ings. 

2212.6.5 One- and two-story buildings. Braced frames not meeting the requi -ements of Sec­
tions 2212.6.2 and 2212.6.4 may be used in buildings not over two stories in height md in roof struc­
tures as defined in Chapter 15 if the braces have the strength to resist 3(Rw/8) times the code 
equivalent static forces. 

2212.6.6 Nonbuilding structures. Nonbuilding structures with Rw values defined by Table 16-P, 
need comply only with the provisions of Section 2212.6.3. 
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2212.7 Special Concentrically Braced Frames. Special concentrically t>raced frames shall I 
comply with the requirements of Section 2211.9. 

2212.8 Eccentrically Braced Frames. Eccentrically braced frames shall comply with the re­
quirements of Section 2211.10. 

2212.9 Nondestructive Testing. Nondestructive testing shall comply with the provisions of Sec­
tion 1703. 
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Division II-DESIGN STANDARD FOR STRESS VARIATION OR 
STRESS REVERSAL DESIGN 

Based on Specifications of the American Institute of Steel Construction, Inc. 
(November 1, 1978) 

SECTION 2213 - SCOPE 

This division covers the design of structural steel members subject to repeated variation of stress. 

SECTION 2214 - DEFINITIONS 

For the purpose of this division, certain terms are defined as follows: 

FATIGUE is the damage that may result in fracture after a sufficient number or fluctuations of 
stress. 

STRESS RANGE is the magnitude of fatigue fluctuations. 

SECTION 2215 - STRESS RANGE COMPUTATION 

In the case of a stress reversal, stress range shall be computed as the numerical sum of maximum 
repeated tensile and compressive stresses or the sum of maximum shearing stresse:; of opposite di­
rection at a given point resulting from differing arrangements of live load. 

SECTION 2216- DESIGN FOR FATIGUE 

Members and their connections subject to fatigue loading shall be proportioned to :;atisfy the stress 
range limitations as provided in this standard. 

In the design of members and connections subject to repeated variation of live load stress, consid­
eration shall be given to the number of stress cycles, the expected range of stress and type and loca­
tion of member or detail. 

Loading conditions shall be classified as shown in Table 22-11-A. 

The type and location of material shall be categorized as shown in Table 22-11-B. 

The maximum stress shall not exceed the basic allowable stress provided in this code, and the 
maximum range of stress shall not exceed that given in Table 22-11-C. 

SECTION 2217- PROVISIONS FOR MECHANICAL FASTENERS 

Range in stress in properly tightened A325 and A490 bolts need not be considered, but the maxi­
mum computed stress, including prying action, shall not exceed the values given in Division IX, 
subject to the following stipulations: 

I. Connections subject to more than 20,000 cycles but not more than 500,000 cycles of direct 
tension may be designed for the stress produced by the sum of applied and prying loads if the prying 
load does not exceed I 0 percent of the externally applied load. If the prying force exceeds I 0 per­
cent, the allowable tensile stress given in Division IX shall be reduced 40 percent, .1pplicable to the 
external load alone. 

2. Connections subject to more than 500,000 cycles of direct tension may be designed for the 
stress produced by the sum of applied and prying loads if the prying load does not exceed 5 percent 
of the externally applied load. If the prying force exceeds 5 percent, the allowable t'!nsile stress giv­
en in Division IX shall be reduced 50 percent, applicable to the external load alone. 

The use of other bolts and threaded parts subjected to tensile fatigue loading is not recommended. 
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Rivets, bolts and threaded parts subjected to cyclic loading in shear may be designed for the 
bearing-type shear stresses given in Division IX insofar as the fatigue strength of the fasteners 
themselves is concerned. 

TABLE 22-11-A 

NUMBER OF LOADING CYCLEf. 

LOADING CONDITION From 

I 20,0001 
2 100,000 
3 500,000 
4 Over 2,000,000 

1 Approximately equivalent to two applications every day for 25 years. 
2Approximately equivalent to 10 applications every day for 25 years. 
3 Approximately equivalent to 50 applications every day for 25 years. 
4 Approximately equivalent to 200 applications every day for 25 years. 

TABLE 22-11-B 
SITUATION 

GENERAL 
x 25.4for mm CONDITION 

Plain 
Base metal with rolled or cleaned surfaces. material 

Base metal and weld metal in members, without attachments, 
built up of plates or shapes connected by continuous full or 
partial-penetration groove welds and continuous fillet welds 
parallel to the direction of applied stress. 

Built-up Calculated flexural stress, Ji,, at toe of welds on girder webs or 
members flanges adjacent to welded transverse stiffeners. 

Base metal at end of partial length welded cover plates having 
square or tapered ends, with or without welds across the ends. 

Base metal at gross section of high-strength-bolted slip-resistant 
Mechanically connections, except bearing-type connections subject to stress 

fastened reversal and axially loaded joints which induce out-of-plane 
connections bending in connected material. 

Base metal at net section of high-strength-bolted bearing-type 
connections 

Base metal at net section of riveted and other mechanically 
fastened joints. 

Base metal and weld metal at full-penetration groove-welded 
splices of parts of similar cross section ground flush, with grind-
ing in the direction of applied stress and with weld soundness 
established by radiographic or ultrasonic inspection. 

Base metal and weld metal in or adjacent to full-penetration 
groove-welded splices at transitions in width or thickness, with 
welds ground to provide slopes no steeper than I to 21 h with 

Groove welds grinding in the direction of applied stress and with weld sound-
ness established by radiographic or ultrasonic inspection. 

Base metal and weld metal in or adjacent to full-penetration 
groove-welded splices, with or without transitions having slopes 
no greater than I to 2112. when reinforcement is not removed 
and weld soundness is established by radiographic or ultrasonic 
inspection in accordance with the requirements of approved 
recognized standards. 

(Continued) 

To 

100,0002 

500,0003 

:!,OOO,OOo4 

STRESS 
KIND OF CATEGORY 
STRESS1 (See Table 22-11-C) 

T 01 Rev. A 

T 01 Rev. B 

T 01 Rev. c 

T 01 Rev. E 

Tor Rev. B 

Tor Rev. B 

Tor Rev. B 

Tor Rev. B 

To1· Rev. B 

To1·Rev. c 
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SITUATION STRESS 
GENERAL 

x 25.4for mm KIND OF CATEGORY 
CONDITION STRESS I (See Table 22-11-c) 

Groove welds Weld metal or partial-penetration transverse groove welds, 
Tor Rev. F based on effective throat area of the weld or welds. 

Base metal at detail of any length attached by groove welds 
subject to transverse and/or longitudinal loading when the detail 
embodies a radiused transition with the weld termination ground 
smooth. 
R:2 24 inches Tor Rev. B 
24 inches > R ;:>: 6 inches Tor Rev. c 
6 inches > R ;:>: 2 inches Tor Rev. D 

Base metal at detail of limited length attached by groove weld 
subject to longitudinal loading with detail length, L, and with no 
transition or with transition radius less than 2 inches. 
2 inches< L::;: 12r or 4 inches 
L > 121 or 4 inches Tor Rev. D 

Attachments where 1 is plate thickness. Tor Rev. E 

Base metal adjacent to a detail of any length in the direction 
parallel to the stress attached by fillet weld or partial-penetration 
groove welds when the details embody a radiused transition ;:>: 2 
inches with weld termination ground smooth. 

Tor Rev. B R > 24 inches 
24 inches > R ~ 6 inches Tor Rev. c 
6 inches > R ~ 2 inches Tor Rev. D 

Base metal adjacent to a detail of limited length, L, in the direc-
tion parallel to the stress attached by fillet weld or partial-pene-
!ration groove weld with no transition or with transition radius 
less than 2 inches. 
2 inches< L::;: 121 or 4 inches Tor Rev. D 
L > 121 or 4 inches R or Rev. E 

Base metal at intermittent fillet welds Tor Rev. E 

Base metal at junction of axially loaded members with fillet-
Fillet-welded welded end connections. Welds shall be disposed about the axis Tor Rev. E 
connections of the member so as to balance weld stresses. 

Continuous or intermittent longitudinal or transverse fillet s F welds. 

Base metal at plug or slot welds. Tor Rev. E 

Shear stress on nominal area of stud-type shear connectors. s F 
Miscellaneous 

Shear on plug or slot welds. s F details 
Base metal at a stud-type shear connector attached by fillet 

Tor Rev. c weld. 

I"T" signifies range in tensile stress only; "Rev." signifies a range involving reversal of tensile or •:ompressive stress; 
"S" signifies range in shear including shear stress reversal. 

TABLE 22-11-C 

ALLOWABLE RANGE OF STRESS, F., (ksl) 

x 6.89 for MPa 

CATEGORY Loading Condition 1 Loading Condition 2 Loading Condition 3 Lc adlng Condition 4 
(from Table 22-II·B) Fsrt Fsr2 Fsr3 Fsr4 

AI 60 36 24 24 
B 45 27.5 18 16 
c 32 19 13 JOI 
D 27 16 10 7 
E 21 12.5 8 5 
F IS 12 9 8 

IFJexural stress range of 12 ksi is permitted at toe of stiffener welds on girder webs or flanges. 
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Division Ill-DESIGN STANDARD FOR OPEN-WEB STEEL JOISTS 

Based on Standard Specifications of the Steel Joist Institute for Open Web Steel 
Joists, K-Series; for Longspan Steel Joists, LH-Series and Deep Longspan Steel 

Joists, DLH-Series; and Joist Girders, 1985 (including 1991 revisions) 
This division, "Standard Specifications for Open Web Steel Joists, K-Serie.>; for Longspan Steel 

Joists, LH-Series and Deep Longspan Steel Joists, DLH-Series; and for Joist Girders, is repro­
duced in its entirety with permission of the publisher. 

SECTION 2218 - AMENDMENTS 

The SJI Specifications adopted by this division apply to the design of Open Web Steel Joists, 
K-Series; Longspan Steel Joists, LH-Series and Deep Longspan Steel Joists, DLH-Series; and Joist 
Girders except as modified by this part. Where other codes, standards or spectfications are referred 
to in this standard, they are to be considered as only an indication of an acceptable method or materi­
al that can be used with the approval of the building official. 

1. No Modifications 

SECTION 2219- ADOPTION 

Reproduced with permission from the Steel Joist Institute, 1205 48th Avenue, North, Suite A, 
Myrtle Beach, SC 29577. Persons desiring to reprint in whole or in part any po:tion of this specifica­
tion must secure permission from the Steel Joist Institute. 

STANDARD SPECIFICATION FOR OPEN WEB STEEL JOISTS, K·SERIES 

Adopted by the Steel Joist Institute November 4, 1985 
Revised to November 12, 1991 

SECTION 1 
SCOPE 

These specifications cover the design, manufacture and use of Open Web ::iteel Joists, K Series. 

SECTION 2 
DEFINITION 

The term "Open Web Steel Joists K Series," as used herein, refers to open-web, parallel-chord, 
load-carrying members suitable for the direct support of floors and roof decks in buildings, utilizing 
hot-rolled or cold-formed steel, including cold-formed steel whose yielcl strength* has been 
attained by cold working. K-Series Joists shall be designed in accordance with these specifications 
to support the uniformly distributed loads given in the Standard Load Table:; for Open Web Steel 
Joists, K-Series, attached hereto. 

The design of chord sections forK-Series joists shall be based on a yield ~:trength of 50,000 psi 
(345 MPa). The design of web sections forK-Series joists shall be based on a yield strength of either 
36,000 psi (250 MPa) or 50,000 psi (345 MPa). Steel used forK-Series joist chord or web sections 
shall have a minimum yield strength determined in accordance with one of tht: procedures specified 
in Section 3.2, which is equal to the yield strength assumed in the design. 

*The term "Yield Strength" as used herein shall designate the yield level of a material as determined by the applica­
ble method outlined in paragraph 13-"Yield Strength," or paragraph 12 "Yield Point," of ASTM Standard 
A370, "Mechanical Testing of Steel Products," or as specified in Section 3.2 of this Srecification. 
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Standard Specifications and Load Tables. Open Web Steel Joists, K-Series. Copyright 1992. 
Steel Joist Institute 

SECTION 3 
MATERIALS 

3.1 STEEL 

The steel used in the manufacture of chord and web sections shall conform to one of the following 
ASTM Specifications of latest adoption: 

Structural Steel, ASTM A36/A36M. 

High-Strength, Low-Alloy Structural Steel, ASTM A242/A242M. 

High-Strength, Low Alloy Structural Manganese Vanadium Steel, ASTM A441. 

Hot-Rolled Carbon Steel Sheet and Strip, Structural Quality, ASTM A570/A570M. 

High-Strength, Low-Alloy Columbium-Vanadium Steels of Structural Quality, ASTM 
A572/ A572M, Grade 50. 

High-Strength, Low-Alloy Structural Steel with 50,000 psi (345 MPa) Minimum Yield Point to 
4" (102 mm) thick, ASTM A588/A588M. 

Steel Sheet and Strip, Hot-Rolled and Cold-Rolled, High-Strength Low-Alloy, with Improved 
Corrosion Resistance, ASTM A606. 

Steel Sheet and Strip, Hot-Rolled and Cold Rolled, High-Strength, Low-Alloy, Columbium 
and/or Vanadium, ASTM A607, Grade 50. 

Steel, Cold-Rolled Sheet, Carbon Structural ASTM A611, Grade D 

or shall be of suitable quality ordered or produced to other than the listed specifications, provided 
that such material in the state used for final assembly and manufacture is weldable <cnd is proved by 
tests performed by the producer or manufacturer to have the properties specified in Section 3.2. 

3.2 MECHANICAL PROPERTIES 

The yield strength used as a basis for the design stresses prescribed in Section 4 shall be either 
36,000 psi (250 MPa) or 50,000 psi (345 MPa). Evidence that the steel furnished meets or exceeds 
the design yield strength shall, if requested, be provided in the form of an affidavit or by witnessed 
or certified test reports. 

For material used without consideration of increase in yield strength resulting from cold forming, 
the specimens shall be taken from as-rolled material. In the case of material, the me,;hanical proper­
ties of which conform to the requirements of one of the listed specifications, tesl specimens and 
procedures shall conform to those of such specifications and to ASTM A370. In the case of mate­
rial, the mechanical properties of which do not conform to the requirements of one of the listed 
specifications, the test specimens and procedures shall conform to the applicable requirements of 
ASTM A370, and the specimens shall exhibit a yield strength equal to or exceeding the design yield 
strength and an elongation of not less than (a) 20 percent in 2 inches (51 mm) for sheet and strip, or 
(b) 18 percent in 8 inches (203 mm) for plates, shapes and bars with adjustments for thickness for 
plates, shapes and bars as prescribed in ASTM A36/ A36M, A242/ A 242M, A441 , A572/ A572M 
and A588/A588M, whichever specification is applicable on the basis of design yiEld strength. The 
number of tests shall be as prescribed in ASTM A6 for plates, shapers, and bars; and ASTM 
A570/ A570M, A606, A607, and A611 for sheet and strip. 

If as-formed strength is utilized, the test reports shall show the results of tests performed on full­
section specimens in accordance with the provisions of Section 3.1.1 and 6.3 of the AISI Specifica­
tions for the Design of Cold Formed Steel Structural Members and shall indicate compliance with 
these provisions and with the following additional requirements: 
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(a) The yield strength measured in the tests shall equal or exceed the design yield strength. 

(b) Where tension tests are made for acceptance and control purposes, the ten:;ile strength shall be 
at least 6 percent greater than the yield strength of the section. 

(c) Where compression tests are used for acceptance and control purposes. the specimen shall 
withstand a gross shortening of 2 percent of its original length without cracking. The length of the 
specimen shall not be greater than 20 times its least radius of gyration. 

(d) If any test specimen fails to pass the requirements of subparagraphs (a), (b), or (c) above, as 
applicable, two retests shall be made of specimens from the same lot. Failure of one of the retest 
specimens to meet such requirements shall be the cause for rejection of the lot represented by the 
specimens. 

3.3 PAINT 

The standard shop paint is a primer coat intended to protect the steel for only a short period of 
exposure in ordinary atmospheric conditions and shall be considered an impermanent and provi­
sional coating. 

The standard shop paint shall conform to one of the following: 

(a) Steel Structures Painting Council Specification 15-68T. Type I (red ox de). 

(b) Federal Specification TT-P-636 (red oxide). 

(c) Or, shall be a shop paint which meets the minimum performance requir:!ments of one of the 
above listed specifications. 

SECTION 4 
DESIGN AND MANUFACTURE 

4.1 METHOD 

Joists shall be designed in accordance with these specifications as simply ~;upportcd, uniformly 
loaded trusses supporting a floor or roof deck so constructed as to brace the top chord of the joists 
against lateral buckling. Where any applicable design feature is not specifically covered herein, the 
design shall be in accordance with the following specifications of latest adoption: 

(a) American Institute of Steel Construction for Design, Fabrication and Erection of Structural 
Steel for Buildings, where the material used consists of plates, shapes or bars. 

(b) American Iron and Steel Institute Specification for the Design of Cold·Formed Steel Struc­
tural Members, for members which are formed from sheet or strip material. 

4.2 UNIT STRESSES 

Joists shall have their components so proportioned that the unit stresses in pounds per square inch 
(MPa) shall not exceed the following where Fy is the yield strength defined in Section 3.2. 

(a) Tension: 

Chords 

Fy = 50,000 psi (345 MPa) 

Webs 

Fy = 50,000 psi (345 MPa) 

36,000 psi (250 MPa) 

F1 = 30,000 psi (207 MPa) 

F1 = 30,000 psi (207 MPa) 

F1 = 22,,)00 psi (152 MPa) 
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(b) Compression: 

For members with 1/r less than Cc: 

Fa 
[

I - <Ifr>
2
]QF 

2C~ y 

where Cc 

1994 UNIFORM BIJIILDING CODE 

fiii!i. and y QFy 

where Q is a form factor equal to unity except when the width-thickness ratio of oile or more ele­
ments of the profile exceeds the limits specified in the AISC Specifications, Section B5 (Allowable 
Stress Design) for hot-rolled sections and in the AISI Specifications, Section 3, fx cold-formed 
sections. 

For members with l/r greater than Cc: 

Fa= 
12Jt2E 

23 (l/r)2 

In the above formulas, lis taken as the distance between panel points for the chord members and 
the unbraced length clear of attachments for web members, and r is the corresponding least radius of 
gyration of the member or any component thereof. E is equal to 29,000,000 psi (200 000 MPa). 

(c) Bending: 

For chords 

Fy = 50,000 psi (345 MPa) 

For web members other than solid rounds 

Fy = 50,000 psi (345 MPa) 

Fy = 36,000 psi (250 MPa) 

For web members of solid round cross section 

Fy = 50,000 psi (345 MPa) 

Fy = 36,000 psi (250 MPa) 

For bearing plates 

Fy = 50,000 psi (345 MPa) 

Fy = 36,000 psi (250 MPa) 

4.3 MAXIMUM SLENDERNESS RATIOS 

Fb = 30,000 p>i (207 MPa) 

Fb = 30,000 psi (207 MPa) 

Fb = 22,000 psi (151 MPa) 

Fb = 45,000 psi (31 0 MPa) 

Fb = 32,500 psi (224 MPa) 

Fb = 37,500 psi (258 MPa) 

Fb = 27,000 psi (186 MPa) 

The slenderness ratio, 1/r, where l is as used in Section 4.2 (b) and r is the con·esponding least 
radius of gyration, shall not exceed the following: 

Top chord interior panels .................................................... 90 

Top chord end panels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120 

Compression members other than top chord .................................... 200 

Tension members ......................................................... 240 
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4.4 MEMBERS 

(a) Chords 

The bottom chord shall be designed as an axially loaded tension member. 
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The top chord shall be designed for only axial compressive stress when the panel length, l, does 
not exceed 24 inches (609 mm). When the panel length exceeds 24 inches (609 mm), the top chord 
shall be designed as a continuous member subject to combined axial and bending stresses and shall 
be so proportioned that: 

fa + fb ~ 0.6Fy, at the panel point; and 

f. + Cmfb ~ 1.0 at mid-panel; in which 

Fa ( 1 - :~JQFb 

Cm 1 - 0.4 faiF' e for interior panels 

fa Computed axial unit compressive stress 

fb Computed bending unit compressive stress at the point under consideration 

Fa Permissible axial unit compressive stress based on l/r as defined in Section 4.2 (b). 

Fb Permissible bending unit stress 

Fy = Specified minimum yield strength 

F'c 

where lis the panel length as defined in Section 4.2 (b) and rx is the radius of gyration about the axis 
of bending 

Q = Form factor as defined in Section 4.2 (b). 

In order to insure lateral stability during erection, the radius of gyration of the top chord about its 
vertical axis shall not be less than /1145 where lis the spacing in inches between lines of bridging as 
specified in Section 5.4 (c). 

The top chord shall be considered as stayed laterally by the floor slab or roof deck when attach­
ments are in accordance with the requirements of Section 5.8 (e) of these specifications. 

(b) Web 

The vertical shears to be used in the design of the web members shall be jetermined from full 
uniform loading, but such vertical shears shall not be less than 25 percent of 1be end reaction. Due 
consideration shall be given to the effect of eccentricity. The effect of combined axial compression 
and bending may be investigated using the provisions of Section 4.4 (a), letting Cm = 0.4 when 
bending due to eccentricity produces reversed curvature. 

Interior vertical web members used in modified Warren-type web system~; shall be designed to 
resist the gravity loads supported by the members plus one half of 1.0 percent of the top chord axial 
force. 

(c) Extended Ends 

Extended top chords or full-depth cantilever ends require the special attention of the specifying 
professional. 

The magnitude and location of the design loads to be supported, the defleclion requirements and 
the proper bracing shall be clearly indicated on the structural drawings. 
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4.5 CONNECTIONS 

(a) Methods 

1994 UNIFORM BUILDING CODE 

Joint connections and splices shall be made by attaching the members to one another by arc or 
resistance welding or by another approved method. 

I) Welded connections. 

a) Selected welds shall be inspected visually by the manufacturer. Prior to this i11spection, weld 
slag shall be removed. 

b) Cracks are not acceptable and shall be repaired. 

c) Thorough fusion shall exist between weld and base metal for the required design length of the 
weld; such fusion shall be verified by visual inspection. 

d) Unfilled weld craters shall not be included in the design length of the weld. 

e) Undercut shall not exceed 1/1 6 inch (2 mm) for welds oriented parallel to the principle stress. 

f) The sum of surface (piping) porosity diameters shall not exceed 1/16 inch (2 mm) in any 1 inch 
(26 mm) of design weld length. 

g) Weld spatter that does not interfere with paint coverage is acceptable. 

2) Welding Program. 

Manufacturers shall have a program for establishing weld procedures and operator qualification, 
and for weld sampling and testing. (See Technical Digest# 8-Welding of Open Web Steel Joists). 

3) Weld Inspection by Outside Agencies. 

(See Section 5.12 of these specifications) The agency shall arrange for visual inspection to deter­
mine that welds meet the acceptance standards of Section 4.5 (a) 1) above. Ultrasc,nic, X-Ray, and 
magnetic particle testing are inappropriate for joists due to the configurations of the components 
and welds. 

(b) Strength 

Joint connections shall be capable of withstanding forces due to an ultimate load equal to at least 
two times the design load shown in the applicable Standard Load Table. 

(c) Splices 

Splices may occur at any point in chord or web members. Members containing a butt weld splice 
shall develop an ultimate tensile force of at least 57,000 psi (393 MPa) times the full design area of 
the chord or web. The term "member" shall be defined as all component parts comprising the chord 
or web, at the point of splice. 

(d) Eccentricity 

Members connected at a joint shall have their centroidal axes meet at a point if Jractical. Other­
wise, due consideration shall be given to the effect of eccentricity. In no case shall eccentricity of 
any web member at a joint exceed three fourths of the overall dimension, measured in the plane of 
the web of the largest member connected. The eccentricity of any web member shall be the perpen­
dicular distance from the centroidal axis of that web member to the point on the centroidal axis of 
the chord which is vertically above or below the intersection of the centroidal axes of the web mem­
bers forming the joint. Ends of joists shall be proportioned to resist bending produced by eccentric­
ity at the support. 

4.6 VERIFICATION OF DESIGN AND MANUFACTURE 

(a) Design Calculations 

Companies manufacturing K- Series Joists shall submit design data to the Steel .foist Institute (or 
an independent agency approved by the Steel Joists Institute) for verification of compliance with 
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the SJI Specifications. Design Data shall be submitted in detail and in the format specified by the 
Institute. 

(b) Test of Chord and Web Members 

Each manufacturer shall, at the time of design review by the Steel Joist Institute or other indepen­
dent agency, verify by tests that his design, in accordance with Section 4.1 thro Jgh 4.5 of this speci­
fication, will provide a minimum factor of safety of 1.65 on the theoretical design capacity of 
critical members. Such tests shall be evaluated considering the actual yield strength of the members 
of the test joists. 

Material tests for determining mechanical properties of component members shall be conducted 
on full sections. 

(c) Tests of Joints and Connections 

Each manufacturer shall verify by shear tests on representative joints of typical joists that con­
nections will meet the provision of Section 4.5 (b). Chord and web members rnay be reinforced for 
such tests. 

(d) In-Plant Inspections 

Each manufacturer shall verify his ability to manufacture K-Series Joists through periodic In­
Plant Inspections. Inspections shall be performed by an independent agency 2pproved by the Steel 
Joist Institute. The frequency, manner of inspection, and manner of reportin~; shall be determined 
by the Steel Joist Institute. The plant inspections are not a guarantee of the quality of any specific 
joists or Joist Girders; this responsibility lies fully and solely with the individual manufacturer. 

4.7 CAMBER 

Camber is optional with the manufacturer but, when provided, recommend~d approximate cam­
ber is as follows: 

Top Chord Length 
20 feet (6096 mm) 
30 feet (9144 mm) 
40 feet (12 192 mm) 
50 feet ( 15 240 mm) 
60 feet (18 288 mm) 

In no case will joists be manufactured with negative camber. 

4.8 SHOP PAINT 

Appmximate Camber 
1/4 inch (7 mm) 

3t8 inch (10 mm) 
5/s inch (16 mm) 

1 inch (26 mm) 
11/2 inches (38 mm) 

Joists and accessories shall receive one shop coat of paint as specified in Section 3.3. 

SECTION 5 
APPLICATION 

5.1 USAGE 

These specifications shall apply to any type of structure where floors and roofs are to be sup­
ported directly by steel joists installed as hereinafter specified. Where joists 2.re used other than on 
simple spans under uniformly distributed loading as prescribed in Section 4.1, they shall be investi­
gated and modified if necessary to limit the unit stresses to those listed in s~~ction 4.2. 

CAUTION: If a rigid connection of the bottom chord is to be made to the column or other sup­
port, it shall be made only after the application of the dead loads. The joist is 1.hen no longer simply 

2-383 



CHAP. 22, DIV. Ill 
2219 1994 UNIFORM BUILDING CODE 

supported, and the system must be investigated for continuous frame action by the specifying pro­
fessional. 

5.2 SPAN 

The span of a joist shall not exceed 24 times its depth. 

5.3 END SUPPORTS 

(a) Masonry and Concrete 

K-Series joists supported by masonry or concrete are to bear on steel bearing pia tes and shall be 
designed as steel bearing. Due consideration of the end reactions and all other vertical or lateral 
forces shall be taken by the specifying professional in the design of the steel bearing plate and the 
masonry or concrete. The ends of K-Series joists shall extend a distance of not le:;s than 4 inches 
(I 02 mm) over the masonry or concrete support and be anchored to the steel bearing plate. The plate 
shall be located not more than 1h-inch (13 mm) from the face of the wall and shall not be 6 inches 
(!53 mm) wide perpendicular to the length of the joist. It is to be designed by the specifying profes­
sional in compliance with the allowable unit stresses in Section A51, (Allowable Stress Design) of 
the A.I.S.C. Specifications of latest adoption. The steel bearing plate shall be furnished by other 
than the joist manufacturer. 

Where it is deemed necessary to bear less than 4 inches (I 02 mm) over the masonry or concrete 
support, special consideration is to be given to the design of the steel bearing plate and the masonry 
or concrete by the specifying professional. The joists must bear a minimum of 21/2 inches (64 mm) 
on the steel bearing plate. 

(b) Steel 

Due consideration of the end reactions on all other vertical and lateral forces shal be taken by the 
specifying professional in the design of the steel support. The ends of K-Series joists shall extend a 
distance of not less than 21/ 2 inches (64 mm) over the steel supports. 

5.4 BRIDGING 

Bridging is required and shall consist of one of the following types. 

(a) Horizontal 

Horizontal bridging shall consist of two continuous horizontal steel members, one attached to the 
top chord and the other attached to the bottom chord. Each attachment to the joists ~:hall be made by 
welding or mechanical means and shall be capable of resisting a horizontal force of not less than 700 
pounds (3114 N). 

The ratio of unbraced length to least radius of gyration (1/r) of the bridging member shall not 
exceed 300, where I is the distance in inches (mm) between attachments and r is the least radius of 
pration of the bridging member. If the bridging member is a round bar, the diamete: shall be at least 
lz inch (13 mm). 

(b) Diagonal 

Diagonal bridging shall consist of cross bracing with 1/r ratio of not more than 200, where I is the 
distance in inches (mm) between connections and r is the least radius of gyration of the bracing 
member. Where cross-bracing members are connected at their point of intersectic•n, the I distance 
shall be taken as the distance in inches (mm) between connections at the point of intersection of the 
bracing members and the connections to the chord of the joists. Connections to th~ chords of steel 
joists shall be made by positive mechanical means or by welding. 
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1 
Row 

'Section 
Number 

#I Up thru 16' 

#2 Up thru 17' 

#3 Up thru 18' 

#4 Up thru 19' 

#5 Up thru 19' 

#6 Up thru 19' 

#7 Up thru 20' 

#8 Up thru 20' 

#9 Up thru 20' 

#10 Up thru 20' 

#II Up thru 20' 

#12 Up thru 20' 

Number Of Rows Of Bridging••• 
Distances are Span Lengths 

(See "Definition of Span" in front of load table) 
2 3 4 

Rows Rows Rows .. 

Multiply table span lengths x 304.8 for mm 

Over 16' thru 24' Over 24' thru 28' 

Over 17' thru 25' Over 25' thru 32' 

Over 18' thru 28' Over 28' thru 38' Over 38' thru 40' 

Over 19' thru 28' Over 28' thru 38' Over 38' thru 48' 

Over 19' thru 29' Over 29' thru 39' Over 39' thru 50' 

Over 19' thru 29' Over 29' thru 39' Over 39' thru 51' 

Over 20' thru 33' Over 33' thru 45' Over 45' thru 58' 

Over 20' thru 33' Over 33' thru 45' Over 45' thru 58' 

Over 20' thru 33' Over 33' thru 46' Over 46' thru 59' 

Over 20' thru 37' Over 37' thru 51' Over 51' thru 60' 

Over 20' thru 38' Over 38' thru 53' Over 53' thru 60' 

Over 20' thru 39' Over 39' thru 53' Over 53' thru 60' 
. . . . 

*Last dtgtt(s) of JOISt destgnatton shown m Load Tables . 
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I 
5 

Rows•• 

Over 50' thru 52' 

Over 51' thru 56' 

Over 58' thru 60' 

Over 58' thru 60' 

Over 59' thru 60' 

**Where 4 or 5 rows of bridging are required, a row nearest the mid-span of the joist shall be diagonal bridging with 
bolted connections at chords and intersection. 

***See Section 5.11 for additional bridging required for uplift design. 

(c) Quantity 

In no case shall the number of rows of bridging be less than that shown in the bridging table. 

Spaces between rows shall be approximately uniform. See Section 5.11 for bridging required for 
uplift forces. 

(d) Bottom Chord Bearing Joists 

Where bottom chord bearing joists are utilized, there shall be a row of diagonal bridging near the 
support to provide lateral stability. This bridging shall be installed as the joists are set in place. 

5.5 INSTALLATION OF BRIDGING 

All bridging and bridging anchors shall be completely installed before construction loads are 
placed on the joists. 

Bridging shall support the top chords against lateral movement during th1~ construction period 
and shall hold the steel joists in the approximate position as shown on the plans. 

The ends of all bridging lines terminating at walls or beams shall be anchored thereto. 

5.6 END ANCHORAGE 

(a) Masonry and Concrete 

Ends of K-Series joists resting on steel bearing plates on masonry or structural concrete shall be 
attached thereto with a minimum of two 1ts-inch (3 mm) fillet welds I inch (26 mm) long, or with a 
It2-inch (13 mm) bolt. 

(b) Steel 

Ends of K-Series joists resting on steel supports shall be attached thereto w tth a minimum of two 
Its-inch (3 mm) fillet welds 1 inch (26 mm) long, or with a 1t2-inch (13 mm) bolt. In steel frames, 
where columns are not framed in at least two directions with structural steel members, joists at col­
umn lines shall be field bolted at the columns to provide lateral stability duting construction. 
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(c) Uplift 
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Where uplift forces are a design consideration, roof joists shall be anchored to re >ist such forces. 

5.7 JOIST SPACING 

Joists shall be spaced so that the loading on each joist does not exceed the allowable load for the 
particular joist designation. 

5.8 FLOOR AND ROOF DECKS 

(a) Material 

Floors and roof decks may consist of cast-in-place or precast concrete or gypsum, formed steel, 
wood or other suitable material capable of supporting the required load at the specified joist spac­
ing. 

(b) Thickness 

Cast-in-place slabs shall not be less than 2 inches (51 mm) thick. 

(c) Centering 

Centering for cast-in-place slabs may be ribbed metal lath, corrugated steel sheets, paperbacked 
welded wire fabric, removable centering or any other suitable material capable of supporting the 
slab at the designated joist spacing. Centering shall not cause lateral displacement or damage to the 
top chord of joists during installation or removal of the centering or placing of the concrete. 

(d) Bearing 

Slabs or decks shall bear uniformly along the top chords of the joists. 

(e) Attachments 

Each attachment for slab or deck to top chords of joists shall be capable of resisting a lateral force 
of not less than 300 pounds (1335 N). The spacing shall not exceed 36 inches (914 mm) along the 
top chord. 

(f) Wood nailers 

Where wood nailers are used, such nailers in conjunction with deck or slab shall be attached to the 
top chords of the joists in conformance with Section 5.8 (e). 

5.9 DEFLECTION 

The deflection due to the design live load shall not exceed the following: 

Floors: 

Roofs: 

11}60 span. 
1h6o of span where a plaster ceiling is attached or suspf:nded. 
1/240 of span for all other cases. 

The Specifying Professional shall give due consideration to the effects of deflection in selection 
of joists. 

5.10 PONDING 

Unless a roof surface is provided with sufficient slope toward points of free drainage or adequate 
individual drains to prevent the accumulation of rainwater, the roof system shall b~ investigated to 
assure stability under ponding conditions in accordance with Section K2 of the AISC Specifica-
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The ponding investigation shall be performed by the specifying professional. 

5.11 UPLIFT 

Where uplift forces due to wind are a design requirement, these forces mm t be indicated on the 
contract drawings in terms of net uplift in pounds per square foot (Pa). When these forces are speci­
fied, they must be considered in the design of joists and/or bridging. A single I ine of bottom chord 
bridging must be provided near the first bottom chord panel points whenever uplift due to wind 
forces is a design consideration.** 

5.12 INSPECTION 

Joists shall be inspected by the manufacturer before shipment to ensure compliance of materials 
and workmanship with the requirements of these specifications. If the purcha:;er wishes an inspec­
tion of the steel joists by someone other than the manufacturer's own inspectm s, he may reserve the 
right to do so in his "Invitation to Bid" or the accompanying "Job Specifical ions." 

Arrangements shall be made with the manufacturer for such inspectiort of the joists at the 
manufacturing shop by the purchaser's inspectors at purchaser's expense. 

SECTION 6*** 
HANDLING AND ERECTION 

Care shall be exercised at all times to avoid damage to the joists and accessories through careless 
handling during unloading, storing and erecting. 

**IMPORTANT** UNDER NO CIRCUMSTANCES SHALL ANY PER5.0NNEL ATTEMPT 
TO WALK ON UNBRIDGED JOISTS. AS SOON AS THE JOISTS AKE ERECTED, ALL 
BRIDGING SHALL BE COMPLETELY INSTALLED AND ANCHORED, THEN THE JOISTS 
PERMANENTLY FASTENED INTO PLACE. UNTIL THIS IS DONE, NO CONSTRUCTION 
LOADS SHALL BE APPLIED TO THE JOISTS. 

Where bolted diagonal bridging is required per Section 5.4 (c), the hoisting cables shall not be 
released until the diagonal bridging is completely installed. In the case of bottom chord bearing 
joists, the ends of the joists must be restrained laterally per Section 5.4 (d), before the hoisting cables 
are released. Each joist shall be straightened and plumbed prior to connecting the bridging to the 
joist. When it is necessary for the erector to climb on the joists to install the bridging, extreme cau­
tion must be exercised since unbridged joists may exhibit some degree of instability under the erec­
tor's weight. 

After the bridging is completely installed and anchored, the ends of the joists shall be fully con­
nected to the support in accordance with Section 5.6. All field welding shall be performed in a work­
manlike manner to insure that the joists are not damaged by such welding. 

On cold-formed members whose yield strength has been attained by cold working, and whose 
as-formed strength in used in the design, the total length of weld at any one point shall not exceed 50 
percent of the overall developed width of the cold-formed section. 

During the construction period, the contractor shall provide means for adequate distribution of 
concentrated loads so that the carrying capacity of any joist is not exceeded. 

*For further reference, refer to Steel Joist Institute Technical Digest #3, "Structural Desig 1 of Steel Joist Roofs to 
Resist Ponding Loads." 

**For further reference, refer to Steel Joist Institute Technical Digest# 6, "Structural De~ ign of Steel Joist Roofs 
to Resist Uplift Loads." 

***For thorough coverage of this topic, refer to SJI Technical Digest #9, "Handling and Ert:ction of Steel Joists and 
Joist Girders". 
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OPEN WEB STEEL JOISTS, K SERIES 

SPAN 

IF' 

c:IJIL 
SPAN 

IF' 

4" (102 mm) 

dilL 

SPAN 

4" (102 mm) 4" (102 mm) 

[DESIGN LENGTH"' SPAN- 0.33 FT. (102 mm)] 

DEFINITION OF SPAN 
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STANDARD LOAD TABLE-OPEN WEB STEEL JOISTS, K-SERIES 
Based on a Maximum Allowable Tensile Stress of 30,000 psi (207 MPa) 

Adopted by the Steel Joist Institute, November 4, 1985; Revised to May 19, 1987. 
The upper figures in the following table give the total safe uniformly distributed load-carrying capacities, in pounds per linear foot (x 14.59 for N/m), of 

K-Series Steel Joists. The weight of dead loads, including the joists, must be deducted to determine the live load-carrying capacities of the joists. The 
load table may be used for parallel chord joists installed to a maximum slope of 1/2 inch per foot (1 :24). 

The lower figures in this load table are the live loads f,er linear foot (x 14.59 for N/m) of joist which will produce an approximate deflection of 1/350 of 
the span. Live loads which will produce a deflection of /240 of the span may be obtained by multiplying the lower figures by 1.5. In no case shall the total 
load capacity of the joists be exceeded. 

The approximate joist weights per linear foot shown in these tables do not include accessories. 
The approximate moment of inertia of the joist, in inches4 (mm4) is: lj = 26.767 (WLL) (L3) (10-6) [lj = 2.69 (WLLl (L3) (10-B)J, where WLL =lower figure 

in the Load Table; L = (Span- 0.33), in feet (mm). 
For the proper handling of concentrated and/or varying loads, see Section 5.5 in the Recommended Code of Standard Practice (page 65). 

JOIST 
DESIGNATION 8K1 10K1 12K1 12K3 12K5 14K1 14K3 14K4 14K6 16K2 16K3 16K4 16K5 16K6 161<7 16K9 

Depth (in.) 
8 10 12 12 12 14 14 

x 25.41or mm 
14 14 16 16 16 16 16 16 16 

Apcrox. wt. 
( bs./11.) 5.1 5.0 5.0 5.7 7.1 5.2 6.0 6.7 7.7 5.5 6.3 7.0 7.5 8.1 8.6 10.0 

x 14.591or N/m 
•span (H.) 

x 304.81or mm 
.J. 

8 
550 
550 

9 
550 
550 

10 
550 550 
480 550 

11 
532 550 
377 542 

12 
444 550 550 550 550 
288 455 550 550 550 

13 
377 479 550 550 550 
225 363 510 510 510 

14 
324 412 500 550 550 550 550 550 550 
179 289 425 463 463 550 550 550 550 

15 
281 358 434 543 550 511 550 550 550 
145 234 344 428 434 475 507 507 507 

( C ontmued) 
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JOIST 
DESIGNATION 8K1 10K1 

Depth (in.) 

x 25.41or mm 
8 10 

Apflrox. WI. 
( bs./11.) 5.1 5.0 

x 14.591or N/m 

•span (II.) 
x 304.8 for mm 

.j, 

16 
246 313 
119 192 

17 
277 
159 

18 
246 
134 

19 
221 
113 

20 
199 
97 

21 

22 

23 

24 

25 

26 

27 

28 

STANDARD LOAD TABLE-OPEN WEB STEEL JOISTS, K-SERIES---(Continued) 

12K1 12K3 12K5 14K1 14K3 14K4 14K6 16K2 16K3 16K4 

12 12 12 14 14 14 14 16 16 16 

5.0 5.7 7.1 5.2 6.0 6.7 7.7 5.5 6.3 7.0 

380 476 550 448 550 550 550 550 550 550 
282 351 396 390 467 467 467 550 550 550 
336 420 550 395 495 550 550 512 550 550 
234 291 366 324 400 443 443 488 526 526 

299 374 507 352 441 530 550 456 508 550 
197 245 317 272 339 397 408 409 456 490 
268 335 454 315 395 475 550 408 455 547 
167 207 269 230 287 336 383 347 386 452 
241 302 409 284 356 428 525 368 410 493 
142 177 230 197 246 287 347 297 330 386 
218 273 370 257 322 368 475 333 371 447 
123 153 198 170 212 248 299 255 285 333 
199 249 337 234 293 353 432 303 337 406 
106 132 172 147 184 215 259 222 247 289 
181 227 308 214 268 322 395 277 308 371 
93 116 150 128 160 188 226 194 216 252 

166 208 282 196 245 295 362 254 283 340 
81 101 132 113 141 165 199 170 189 221 

180 226 272 334 234 260 313 
100 124 145 175 150 167 195 
166 209 251 308 216 240 289 
88 110 129 156 133 148 173 
154 193 233 285 200 223 268 
79 98 115 139 119 132 155 
143 180 216 265 186 207 249 
70 88 103 124 106 118 138 

16K5 16K6 

16 16 

7.5 8.1 

550 550 
550 550 

550 550 
526 526 

550 550 
490 490 

550 550 
455 455 

550 550 
426 426 
503 548 
373 405 

456 498 
323 351 
418 455 
282 307 
384 418 
248 269 

353 384 
219 238 
326 355 
194 211 

302 329 
173 188 
281 306 
155 168 

16K7 

16 

8.6 

550 
550 
550 
526 
550 
490 
550 
455 
550 
426 
550 
406 
550 
385 
507 
339 
465 
298 
428 
263 
395 
233 
366 
208 
340 
186 

16K9 

16 

10.0 

550 
550 
550 
526 
550 
490 
550 
455 
550 
426 
550 
406 
550 
385 
550 
363 
550 
346 
514 
311 
474 
276 
439 
246 
408 
220 
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29 

30 

31 

32 

JOIST 
DESIGNATION 18K3 18K4 18K5 18K6 18K1 18K9 18K10 20K3 20K4 20K5 20K6 

Depth (in.) 

X 25.4 18 18 18 18 18 18 18 20 20 20 20 
lormm 

Ap~rox. WI. 
( bs./11.) 
X 14.59 

6.6 7.2 7.7 8.5 9.0 10.2 11.7 6.7 7.6 8.2 8.9 

lorN/m 
*Span (ft.) 

X 304.8 
lormm 

J, 

18 
550 550 550 550 550 550 550 
550 550 550 550 550 550 550 

19 
514 550 550 550 550 550 550 
494 523 523 523 523 523 523 

20 
463 550 550 550 550 550 550 517 550 550 550 
423 490 490 490 490 490 490 517 550 550 550 

21 
420 506 550 550 550 550 550 468 550 550 550 
364 426 460 460 460 460 460 453 520 520 520 

22 
382 460 518 550 550 550 550 426 514 550 550 
316 370 414 438 438 438 438 393 461 490 490 

23 
349 420 473 516 550 550 550 389 469 529 550 
276 323 362 393 418 418 418 344 402 451 468 

24 
320 385 434 473 526 550 550 357 430 485 528 
242 284 318 345 382 396 396 302 353 396 430 

z 
(Q .... 

25 
294 355 400 435 485 550 550 329 396 446 486 
214 250 281 305 337 377 377 266 312 350 380 

26 
272 328 369 402 448 538 550 304 366 412 449 
190 222 249 271 299 354 361 236 277 310 337 

(Contmued) 

173 193 232 
95 106 124 
161 180 216 
86 96 112 
151 168 203 
78 87 101 

142 158 190 
71 79 92 

20K7 20K9 20K10 22K4 22K5 

20 20 20 22 22 

9.3 10.8 12.2 8.0 8.8 

550 550 550 
550 550 550 
550 550 550 
520 520 520 
550 550 550 550 550 
490 490 490 548 548 
550 550 550 518 550 
468 468 468 491 518 
550 550 550 475 536 
448 448 448 431 483 
541 550 550 438 493 
421 426 426 381 427 

500 550 550 404 455 
373 405 405 338 379 

261 285 
139 151 
244 266 
126 137 
228 249 
114 124 
214 233 
103 112 

22K6 22K1 22K9 

22 22 22 

9.2 9.7 11.3 

550 550 550 
548 548 548 
550 550 550 
518 518 518 
550 550 550 
495 495 495 
537 550 550 
464 474 474 
496 550 550 
411 454 454 

317 
167 
296 
151 
277 
137 
259 
124 

22K10 

22 

12.6 

550 
548 
550 
518 
550 
495 
550 
474 
550 
454 

380 
198 
355 
178 
332 
161 
311 
147 

22K11 

22 

13.8 

550 
548 
550 
518 
550 
495 
550 
474 
550 
454 

... 
~ 
c z 
~ 
::D 
3: 
ID 
c 
r= c z 
C) 

8 c 
m 



JOIST 
DESIGNATION 18K3 18K4 18K5 

Depth (in.) 

X 25.4 18 18 18 
lormm 

Apcrox. wt. 
( bs./11.) 
X 14.59 

6.6 7.2 7.7 

lorN/m 
•span (II.) 

X 304.8 
lormm 

l 

27 
252 303 342 
169 198 222 

28 
234 282 318 
151 177 199 

29 218 263 296 
136 159 179 

30 
203 245 276 
123 144 161 

31 
190 229 258 
111 130 146 

32 
178 215 242 
101 118 132 

33 
168 202 228 
92 108 121 

34 
158 190 214 
84 98 110 

35 
149 179 202 
77 90 101 

36 
141 169 191 
70 82 92 

37 

38 

STANDARD LOAD TABLE-OPEN WEB STEEL, JOISTS, K-SERIES-{Continued) 

18K6 181<7 18K9 18K10 20K3 20K4 20K5 20K6 201<7 20K9 20K10 22K4 22K5 

18 18 18 18 20 20 20 20 20 20 20 22 22 

8.5 9.0 10.2 11.7 6.7 7.6 8.2 8.9 9.3 10.8 12.2 8.0 8.8 

372 415 498 550 281 339 382 416 463 550 550 374 422 
241 267 315 347 211 247 277 301 333 389 389 301 337 

346 385 463 548 261 315 355 386 430 517 550 348 392 
216 239 282 331 189 221 248 269 298 353 375 270 302 

322 359 431 511 243 293 330 360 401 482 550 324 365 
194 215 254 298 170 199 223 242 268 317 359 242 272 

301 335 402 477 227 274 308 336 374 450 533 302 341 
175 194 229 269 153 179 201 218 242 286 336 219 245 

281 313 376 446 212 256 289 314 350 421 499 283 319 
158 175 207 243 138 162 182 198 219 259 304 198 222 

264 294 353 418 199 240 271 295 328 395 468 265 299 
144 159 188 221 126 147 165 179 199 235 276 180 201 

248 276 332 393 187 226 254 277 309 371 440 249 281 
131 145 171 201 114 134 150 163 181 214 251 164 183 

233 260 312 370 176 212 239 261 290 349 414 235 265 
120 132 156 184 105 122 137 149 165 195 229 149 167 

220 245 294 349 166 200 226 246 274 329 390 221 249 
110 121 143 168 96 112 126 137 151 179 210 137 153 

208 232 278 330 157 189 213 232 259 311 369 209 236 
101 111 132 154 88 103 115 125 139 164 193 126 141 

148 179 202 220 245 294 349 198 223 
81 95 106 115 128 151 178 116 130 

141 170 191 208 232 279 331 187 211 
74 87 98 106 118 139 164 107 119 

22K6 22K7 22K9 

22 22 22 

9.2 9.7 11.3 

459 512 550 
367 406 432 
427 475 550 
328 364 413 
398 443 532 
295 327 387 
371 413 497 
266 295 349 
347 387 465 
241 267 316 
326 363 436 
219 242 287 
306 341 410 
199 221 261 
288 321 386 
182 202 239 
272 303 364 
167 185 219 
257 286 344 
153 169 201 
243 271 325 
141 156 185 
230 256 308 
130 144 170 

22K10 

22 

12.6 

550 
432 
550 
413 
550 
399 
550 
385 
550 
369 
517 
337 
486 
307 
458 
280 
432 
257 
408 
236 
386 
217 
366 
200 

22K11 

22 

13.8 

550 
432 
550 
413 
550 
399 
550 
385 
550 
369 
549 
355 
532 
334 
516 
314 
494 
292 
467 
269 
442 
247 
419 
228 
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39 
133 161 181 198 
69 81 90 98 

127 153 172 188 
40 64 75 84 91 

41 

42 

43 

44 

JOIST 
DESIGNATION 24K4 24K5 24K6 24K7 24K8 24K9 24K10 24K12 26K5 26K6 26K7 

Depth (in.) 
X 25.4 24 24 24 24 24 24 24 24 26 26 26 
lormm 

Apcrox. wr. 
( bs./11.) 

x 14.59 lor 
8.4 9.3 9.7 10.1 11.5 12.0 13.1 16.0 9.8 10.6 10.9 

N/m 
•span (II.) 

X 304.8 
lormm 

,j_ 

24 
550 550 550 550 550 550 550 550 
516 544 544 544 544 544 544 544 

25 
479 540 550 550 550 550 550 550 
456 511 520 520 520 520 520 520 

26 
442 499 543 550 550 550 550 550 542 550 550 
405 453 493 499 499 499 499 499 535 541 541 

27 
410 462 503 550 550 550 550 550 502 547 550 
361 404 439 479 479 479 479 479 477 519 522 

28 
381 429 467 521 550 550 550 550 466 508 550 
323 362 393 436 456 456 456 456 427 464 501 

29 
354 400 435 485 536 550 550 550 434 473 527 
290 325 354 392 429 436 436 436 384 417 463 

30 
331 373 406 453 500 544 550 550 405 441 492 
262 293 319 353 387 419 422 422 346 377 417 

(Contmued) 

220 265 314 178 200 
109 129 151 98 110 
209 251 298 169 190 
101 119 140 91 102 

161 181 
85 95 
153 173 
79 83 

146 165 
73 82 

139 157 
68 76 

26K8 26K9 26K10 26K12 28K6 

26 26 26 26 28 

12.1 12.2 13.8 16.6 11.4 

550 550 550 550 
541 541 541 541 
550 550 550 550 
522 522 522 522 
550 550 550 550 548 
501 501 501 501 541 
550 550 550 550 511 
479 479 479 479 486 
544 550 550 550 477 
457 459 459 459 439 

218 243 
120 133 
207 231 
111 123 
197 220 
103 114 

188 209 
96 106 

179 200 
89 99 
171 191 
83 92 

28K7 28K8 

28 28 

11.8 12.7 

550 550 
543 543 
550 550 
522 522 
531 550 
486 500 

292 347 
157 185 
278 330 
146 171 
264 314 
135 159 
252 299 
126 148 
240 265 
117 138 
229 272 
109 128 

28K9 28K10 

28 28 

13.0 14.3 

550 550 
543 543 
550 550 
522 522 
550 550 
500 500 

397 
211 
377 
195 
359 
181 
342 
168 
326 
157 
311 
146 

28K12 

28 

17.1 

550 
543 
550 
522 
550 
500 
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JOIST 
DESIGNATION 24K4 24K5 24K6 

Depth (in.) 

X 25.4 24 24 24 
formm 

Approx. WI. 
(lbs./11.) 

x 14.59 tor 
8.4 9.3 9.7 

N/m 
•span (ft.) 

X 304.8 
tormm 

~ 

31 
310 349 380 
237 266 289 

32 
290 327 357 
215 241 262 

33 
273 308 335 
196 220 239 

34 
257 290 315 
179 201 218 

35 
242 273 297 
164 184 200 

36 
229 258 281 
150 169 183 

37 
216 244 266 
138 155 169 

38 
205 231 252 
128 143 156 

39 
195 219 239 
118 132 144 

40 
185 208 227 
109 122 133 

41 
176 198 216 
101 114 124 
168 189 206 

42 94 106 115 

STANDARD LOAD TABLE-OPEN WEB STEEL JOISTS, K-SERIES-(Continued) 

24K7 24K8 24K9 24K10 24K12 26K5 26K6 26K7 26K8 26K9 26K10 26K12 28K6 

24 24 24 24 24 26 26 26 26 26 26 26 28 

10.1 11.5 12.0 13.1 16.0 9.8 10.6 10.9 12.1 12.2 13.8 16.6 11.4 

424 468 510 550 550 379 413 460 509 550 550 550 446 
320 350 379 410 410 314 341 378 413 444 444 444 397 
397 439 478 549 549 356 387 432 477 519 549 549 418 
290 318 344 393 393 285 309 343 375 407 431 431 361 
373 413 449 532 532 334 364 406 448 488 532 532 393 
265 289 313 368 368 259 282 312 342 370 404 404 329 
351 388 423 502 516 315 343 382 422 459 516 516 370 
242 264 286 337 344 237 257 285 312 338 378 378 300 
331 366 399 473 501 297 323 360 398 433 501 501 349 
221 242 262 308 324 217 236 261 286 310 356 356 275 
313 346 377 447 487 280 305 340 376 409 486 487 330 
203 222 241 283 306 199 216 240 263 284 334 334 252 
296 327 356 423 474 265 289 322 356 387 460 474 312 
187 205 222 260 290 183 199 221 242 262 308 315 232 
281 310 338 401 461 251 274 305 337 367 436 461 296 
172 189 204 240 275 169 184 204 223 241 284 299 214 
266 294 320 380 449 238 260 289 320 348 413 449 280 
159 174 189 222 261 156 170 188 206 223 262 283 198 
253 280 304 361 438 227 247 275 304 331 393 438 266 
148 161 175 206 247 145 157 174 191 207 243 269 183 
241 266 290 344 427 215 235 262 289 315 374 427 253 
137 150 162 191 235 134 146 162 177 192 225 256 170 
229 253 276 327 417 205 224 249 275 300 356 417 241 
127 139 151 177 224 125 136 150 164 178 210 244 158 

28K7 28K8 28K9 

28 28 28 

11.8 12.7 13.0 

497 550 550 
440 480 480 
466 515 549 
400 438 463 
438 484 527 
364 399 432 
412 456 496 
333 364 395 
389 430 468 
305 333 361 
367 406 442 
280 306 332 
348 384 418 
257 282 305 
329 384 396 
237 260 282 
313 346 376 
219 240 260 
297 328 357 
203 222 241 
283 312 340 
189 206 224 
269 297 324 
175 192 208 

28K10 

28 

14.3 

550 
480 
549 
463 
532 
435 
516 
410 
501 
389 
487 
366 
474 
344 
461 
325 
447 
306 
424 
284 
400 
263 
384 
245 

28K12 

28 

17.1 

550 
480 
549 
463 
532 
435 
516 
410 
501 
389 
487 
366 
474 
344 
461 
325 
449 
308 
438 
291 
427 
277 
417 
264 
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43 
160 180 196 219 242 263 312 406 196 
88 98 107 118 130 140 165 213 116 

44 
153 172 187 209 231 251 298 387 187 
82 92 100 110 121 131 154 199 108 

45 
146 164 179 199 220 240 285 370 179 
76 86 93 103 113 122 144 185 101 

46 
139 157 171 191 211 230 272 354 171 
71 80 87 97 106 114 135 174 95 

47 
133 150 164 183 202 220 261 339 164 
67 75 82 90 99 107 126 163 89 

48 
128 144 157 175 194 211 250 325 157 
63 70 77 85 93 101 118 153 83 

49 
150 
78 

50 
144 
73 

51 
139 
69 

52 
133 
65 

53 

54 

55 

56 

213 238 263 286 339 407 
126 140 153 166 195 232 
204 227 251 273 324 398 
118 131 143 155 182 222 
194 217 240 261 310 389 
110 122 133 145 170 212 
186 207 229 250 296 380 
103 114 125 135 159 203 
178 199 219 239 284 369 
96 107 117 127 149 192 

171 190 210 229 272 353 
90 100 110 119 140 180 

164 183 202 220 261 339 
85 94 103 112 131 169 
157 175 194 211 250 325 
80 89 97 105 124 159 

151 168 186 203 241 313 
75 83 91 99 116 150 

145 162 179 195 231 301 
71 79 86 93 110 142 

(Continued) 

230 257 284 
147 163 179 

220 245 271 
137 152 167 
210 234 259 
128 142 156 
201 224 248 
120 133 146 

192 214 237 
112 125 136 
184 208 227 
105 117 128 
177 197 218 
99 110 120 

170 189 209 
93 103 113 

163 182 201 
88 97 106 
157 175 193 
83 92 100 
151 168 186 
78 87 95 
145 162 179 
74 82 89 

140 156 173 
70 77 85 

135 151 166 
66 73 80 

309 367 
194 228 

295 350 
181 212 
282 334 
169 198 
270 320 
158 186 

258 306 
148 174 
247 294 
139 163 
237 282 
130 153 
228 270 
123 144 

219 260 
115 136 
210 250 
109 128 

203 240 
103 121 

195 232 
97 114 

188 223 
92 108 

181 215 
87 102 

407 
252 

398 
240 

389 
229 

380 
219 
372 
210 

365 
201 

357 
193 

350 
185 
338 
175 

325 
165 
313 
156 
301 
147 
290 
139 
280 
132 
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JOIST DESIGNATION 

Depth (in.) 

x 25.41or mm 

Approx. Wt. (lbs./11.) 

x 14.59for N/m 

·sg:n (ft.) 
x 3 .Blur mm 

l 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

STANDARD LOAD TABLE-OPEN WEB STEEL JOISTS, K-SERIES-{Continued) 

301<7 30K8 30K9 30K10 30K11 

30 30 30 30 30 

12.3 13.2 13.4 15.0 16.4 

550 550 550 550 550 
543 543 543 543 543 
534 550 550 550 550 
508 520 520 520 520 
501 549 549 549 549 
461 500 500 500 500 
471 520 532 532 532 
420 460 468 468 468 
443 490 516 516 516 
384 420 441 441 441 

418 462 501 501 501 
351 384 415 415 415 

395 436 475 487 487 
323 353 383 392 392 
373 413 449 474 474 
297 325 352 374 374 

354 391 426 461 461 
274 300 325 353 353 

336 371 404 449 449 
253 277 300 333 333 
319 353 384 438 438 
234 256 278 315 315 

303 335 365 427 427 
217 238 258 300 300 

289 320 348 413 417 
202 221 240 282 284 

276 305 332 394 407 
188 206 223 263 270 

30K12 

30 

17.6 

550 
543 
550 
520 
549 
500 
532 
468 
516 
441 
501 
415 
487 
392 
474 
374 
461 
353 
449 
333 
438 
315 
427 
300 
417 
284 
407 
270 
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44 
263 291 
176 192 

45 
251 278 
164 179 

46 
241 266 
153 168 

47 
230 255 
144 157 

48 
221 244 
135 148 

49 
212 234 
127 139 

50 
203 225 
119 130 

51 
195 216 
112 123 

52 
188 208 
106 116 

53 
181 200 
100 109 

54 
174 192 
94 103 

55 
168 185 
89 98 

56 
162 179 
84 92 

57 
156 173 
80 88 

58 
151 167 
76 83 

59 
146 161 
72 79 

60 
141 156 
69 75 

317 376 
208 245 
303 359 
195 229 
290 344 
182 214 
277 329 
171 201 
266 315 
160 188 
255 303 
150 177 
245 291 
141 166 
235 279 
133 157 
226 268 
126 148 
218 258 
119 140 
209 249 
112 132 
202 240 
106 125 
195 231 
100 118 
188 223 
95 112 
181 215 
90 106 

175 208 
86 101 
169 201 
81 96 

398 
258 
389 
246 
380 
236 
372 
226 
362 
215 
347 
202 
333 
190 
320 
179 
308 
169 
296 
159 
285 
150 
275 
142 
265 
135 
256 
128 
256 
121 
239 
115 
231 
109 

398 
258 
389 
246 
380 
236 
372 
226 
365 
216 
357 
207 
350 
199 
343 
192 
336 
184 
330 
177 
324 
170 
312 
161 
301 
153 
290 
145 
290 
137 
271 
130 
262 
124 

... 
I 
c: z 
~ 
:II 

== ID 
c: 
r= 
0 z 
C) 

0 
0 
0 
m 



CHAP. 22, DIV. Ill 
2219 1994 UNIFORM BUILDING CODE 

STANDARD SPECIFICATIONS FOR LONGSPAN STEEL JOISTS, LH-S>ERIES AND 
DEEP LONGSPAN STEEL JOISTS, DLH-SERIES 

Adopted by the Steel Joist Institute February 15, 1978 
Revised to November 12, 1991 

SECTION 100 
SCOPE 

These specifications cover the design, manufacture and use of longs pan steel joists, LH Series, 
and deep longspan steel joists, DLH Series. 

SECTION 101 
DEFINITION 

The term "Longspan Steel Joist, LH series, and Deep Longspan Steel Joists, DLH Series," as 
used herein, refers to open-web, load-carrying members utilizing hot-rolled or cold-formed steel, 
including cold-formed steel whose yield strength* has been attained by cold working. LH Series are 
suitable for the direct support of floors and roof decks in buildings and DLH Serie~: are suitable for 
the direct support of roof decks in buildings. 

The design of LH- and DLH-Series joist chord or web sections shall be based on a yield strength 
of at least 36,000 psi (250 MPa) but not greater than 50,000 psi (345 MPa). Steel used for LH- and 
DLH-Series joist chord or web sections shall have a minimum yield strength determined in accor­
dance with one of the procedures specified in the Section 102.2, which is equal to the yield strength 
assumed in the design. LH- and DLH-Series joists shall be designed in accordance with these speci­
fications to support the loads given in the attached Standard Load Tables for LH- and DLH-Series 
joists. 

Standard Specifications and Load Tables: Longspan 
Steel Joists LH-Series and Deep Longspan 
Steel Joists DLH-Series. Copyright 1992. 
Steel Joist Institute. 

SECTION 102 
MATERIALS 

102.1 STEEL 

The steel used in the manufacture of chord and web sections shall conform to one of the following 
ASTM Specifications of latest adoption: 

• Structural steel, ASTM A36/ A36M. 

• High-Strength Low-Alloy Structural Steel, ASTM A242/A242M. 

• High-Strength Low-Alloy Structural Manganese Vanandium Steel, ASTM i\441. 

• Hot-Rolled Carbon Steel Sheet and Strip, Structural Quality ASTM A570/A570M. 

• High-Strength Low-Alloy Columbium-Vanadium Steels of Structural Quality ASTM 
A572/A572M, Grades 42, 45, and 50. 

• High-Strength Low-Alloy Structural Steel with 50,000 psi (345 MPa) Minimum Yield Point to 
4 inches (102 mm) thick, ASTM A588/A588M. 

*The term "yield strength" as used herein shall designate the yield level of a material as determined by the applica­
ble method outlined in paragraph 13-"Yield Strength", or paragraph 12-"Yield Point," of ASTM A370. 
"Mechanical Testing of Steel Products," or as specified in Section I 02.2 of this Specification. 
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• Steel Sheet and Strip, Hot-Rolled and Cold-Rolled, High-Strength, Low-Alloy, with 
Improved Corrosion Resistance, ASTM A606. 

• Steel Sheet and Strip, Hot-Rolled and Cold-Rolled, High-Strength, Low-Alloy, Columbium 
and/or Vanadium, ASTM A607. Grades 45 and 50. 

• Steel. Cold-Rolled Sheet, Carbon Structural, ASTM A611. Grade D. 

or shall be of suitable quality ordered or produced to other than the listed specifications, provided 
that such material in the state used for final assembly and manufacture is weldable and is proved by 
tests performed by the producer or manufacturer to have the properties specified in Section I 02.2. 

102.2 MECHANICAL PROPERTIES 

The yield strength used as a basis for the design stresses prescribed in Sectio1 103 shall be at least 
36,000 psi (250 MPa) but shall not be greater than 50,000 psi (345 MPa). E'1idence that the steel 
furnished meets or exceeds the design yield strength shall, if requested, be provided in the form of 
an affidavit or by witnessed or certified test reports. 

For material used without consideration of increase in yield strength resulting from cold forming, 
the specimens shall be taken from as-rolled material. In the case of material the mechanical proper­
ties of which conform to the requirements of one of the listed specificatiom:, test specimens and 
procedure shall conform to those of such specifications and ASTM A370. 

In the case of material the mechanical properties of which do not conform to the requirements of 
one of the listed specifications, the test specimens and procedure shall conform to the applicable 
requirements of ASTM A370 and the specimens shall exhibit a yield strength equal to or exceeding 
the design yield strength and an elongation of not less than (a) 20 percent in 2 inches (51 mm) for 
sheet and strip or (b) 18 percent in 8 inches (203 mm) for plates, shapes and bars with adjustments 
for thickness for plates, shapes and bars as prescribed in ASTM A36/ A36M, A242/ A242M, A441, 
A572/A572M, and A588/A588M whichever specification is applicable on the basis of design yield 
strength. The number of tests shall be as prescribed in ASTM A6 for plates, :;hapes, and bars; and 
ASTM A570/ A570M, A606, A607, and A611 for sheet and strip. 

If as-formed strength is utilized, the test reports shall show the results of tests performed on full 
section specimens in accordance with the provisions of Sections 3.1.1 and 6.3 of the AISI Specifica­
tion for the Design of Cold-Formed Steel Structural Members, and shall indkate compliance with 
these provisions and with the following additional requirements: 

I. The yield strength measured in the tests shall equal or exceed the design yield strength. 

2. Where tension tests are made for acceptance and control purposes the tensile strength shall be 
at least 6 percent greater than the yield strength of the section. 

3. Where compression tests are used for acceptance and control purposes the specimen shall 
withstand a gross shortening of 2 percent of its original length without cracking. The length of spec­
imen shall not be greater than 20 times its least radius of gyration. 

4. If any test specimen fails to pass the requirements of subparagraphs I, 2 or 3 above, as applica­
ble, two retests shall be made of specimens for the same lot. Failure of one of the retest specimens to 
meet such requirements shall be cause for rejection of the lot represented by the specimens. 

102.3 WELDING ELECTRODES 

The following electrodes shall be used for arc welding: 

(a) For connected members both having a specified minimum yield strength greater than 36,000 
psi (250 MPa) 

AWS A5.1 or A5.5, E70XX 

AWS A5.17, F7X-EXXX flux-electrode combination 
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AWS A5.18, E70S-X orE70U-l 

AWS A5.20, E70T-X 

1994 UNIFORM BUILDING CODE 

(b) For connected members both having a specified minimum yield strength of 36,000 psi (250 
MPa), or one having a specified minimum yield strength of 36,000 psi (250 MPa) and the other 
having a specified minimum yield strength greater than 36,000 psi (250 MPa) 

AWS AS. I, E60XX 

AWS A5.17, F6X-EXXX flux-electrode combination 

AWS A5.20, E60T-X 

or any of those listed in Section 102.3 (a). 

Other welding methods, providing equivalent strength as demonstrated by test~:. may be used. 

102.4 PAINT 

The standard shop paint is a primer coat intended to protect the steel for only a short period of 
exposure in ordinary atmospheric conditions and shall be considered an impermanent and provi­
sional coating. 

The Standard shop paint shall conform to one of the following: 

(a) Steel Structures Painting Council Specification 15-68T, Type I (red oxide). 

(b) Federal Specification TT-P-636 (red oxide). 

(c) Or, shall be a shop paint which meets the minimum performance requirements of one of the 
above listed specifications. 

SECTION 103 
DESIGN AND MANUFACTURE 

1 03.1 METHOD 

Joists shall be designed in accordance with these specifications as simply supp::1rted uniformly 
loaded trusses supporting a floor or roof deck so constructed as to brake the top chord of the joists 
against lateral buckling. Where any applicable design feature is not specifically covered herein, the 
design shall be in accordance with the following specifications of latest adoption: 

(a) American Institute of Steel Construction Specification for the Design, Fabrication and Erec­
tion of Structural Steel for Buildings, where the material used consists of plates, >hapes or bars. 

(b) American Iron and Steel Institute Specification for the Design of Cold-Formed Steel Struc­
tural Members, for members which are cold-formed from sheet or strip material. 

103.2 UNIT STRESSES 

Joists shall have their components so proportioned that the unit stresses in pound~; per square inch 
(MPa) shall not exceed the following where Fy is the yield strength defined in Section 102.2: 

(a) Tension: 

All members 

(b) Compression: 

Ft = 0.6 Fy 

For members with Kl/r less than Cc: 

[ 
J _ (Kl/r)2]Q Fy 

2Cc2 

Fa 
5 + l (Kl/r) _ ! (KI/r)3 
J R Cc R Cc 
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where Q is a form factor equal to unity except when the width-thickness ratio of one or more ele­
ments of the profile exceeds the limits specified in the AISC Specifications, Section B5 (Allowable 
Stress Design) for hot-rolled sections and in the AISI Specification, Section 3., for cold-formed sec­
tions; and where K is a length factor used to determine the effective slendem~ss ratio as shown in 
Table No. 103.3.1. 

For members with Kl/r greater than Cc: 

F = 12Jt2E 
a 23 (Kljr)2 

In the above formulas Kllr is the appropriate effective slenderness ratio as determined from Sec­
tion 103.3 and "E" is equal to 29,000,000 psi (200 000 MPa). 

(c) Bending: 

For chords, and for web members other than solid rounds . . . . . . . . . . . . . . Fb = 0.6Fy 

For web members of solid round cross section ....................... Fb = 0.9Fy 

For bearing plates ............................................ Fb = 0.75Fy 

(d) Weld Stresses: 

Shear at throat of fillet welds: 

Made with E70 series electrodes or F7X-EXXX 
flux-electrode combinations ............................. 21,000 psi (145 MPa) 

Made with E60 series electrodes or F6X-EXXX 
tlux-electrode combinations ............................. 18,000 psi (124 MPa) 

Tension or compression on groove or butt welds shall be the same as those specified for the con­
nected material. 

103.3 MAXIMUM SLENDERNESS RATIOS 

The slenderness ratios, 1.0 llr and 1.0 lsfr, of members as a whole or any conponent part shall not 
exceed the values given in Table No. 103.3.1 Parts A. 

The effective slenderness ratio, Kllr*, to be used in calculating the allowable stresses Fa and F' e is 
the largest value as determined from Table No. 103.3.1, Parts B and C. 

In compression members when fillers or ties are used, they shall be spaced so that the lslrz ratio of 
each component does not exceed the governing 1/r ratio of the member as a whole. The terms are 
defined as follows: 

= length center-to-center of panel points, except l = 36 inches (914 mm) for calculating llry 
of top chord member. 

Is maximum length center-to-center between panel point and filler (tie), or between adja-
cent fillers (ties). 

rx = member radius of gyration in the plane of the joist. 
ry member radius of gyration out of the plane of the joist. 

rz least radius of gyration of a member component. 

*See AISC Specification Section C2.1 and P.N. Chod and T.V. Galambos, Compression Chords Without Fillers in 
Longspan Steel Joists, Research Report No. 36, June 1975 Structural Division, Civil E~gineering Department, 
Washington University, St. Louis, Mo. 
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MAXIMUM AND EFFECTIVE SLENDERNESS RATIOS 

I TOP CHORD INTERIOR PANEL 
A. The slenderness ratios, 1.0 llr and 1.0 lslr, of members as a whole or any component 

part shall not exceed 90. 
B. The effective slenderness ratio to determine "Fa" 

I. With fillers or ties. 0751/rx I.Ollry I.Osfrz 
2. Without fillers or ties 0.751/rz 
3. Single component members 0.751/rx I.Ollry 

C. The effective slenderness ratio to determine "F' e" 
I. With fillers or ties 0.751/rx 
2. Without fillers or ties .0751/rx 
3. Single component members .0751/rx 

II TOP CHORD END PANEL 
A. The slenderness ratios, 1.01/r and l.Olslr, of members as a whole or any component 

part shall not exceed 120. 
B. The effective slenderness ratio to determine "Fa" 

I. With fillers or ties 1.01/rx I.Ollry I.Olsfrz 
2. Without fillers or ties 1.01/rz 
3. Single component members I.Ollrx I.Ollry 

C. The effective slenderness ratio to determine "F' e" 
I. With fillers or ties 1.01/rx 
2. Without fillers or ties 1.01/rx 
3. Single component members l.Ollrx 

III TENSION MEMBERS-CHORDS AND WEBS 
A. The slenderness ratios, 1.01/r and 1.0/sfr, of members as a whole or any component 

part shall not exceed 240. 

IV COMPRESSION WEB MEMBERS 
A. The slenderness ratios, 1.01/r and l.Olslr, of members as a whole or any wmponent 

part shall not exceed 200. 
B. The effective slenderness ratio to determine "Fa" 

I. With fillers or ties 0.751/rx I.Ollry I.Olslrz 
2. Without fillers or ties I.Ollrz 
3. Single component members 0.751/rx* I.Ollry 

*If moment-resistant weld groups are not used at the ends of a crimped, first primary compression web member, 
then 1.2//rx must be used. 

103.4 MEMBERS 

(a) Chords 

The bottom chord shall be designed as an axially loaded tension member. 

The top chord shall be designed as a continuous member subject to combined a:,ial and bending 
stresses and shall be so proportioned that 

fa + fb ~ 0.6Fy. at the panel point; and 
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1.0 at mid-panel; in whici1 

Cm 1 - 0.3fafF' e for end panels 
Cm 1 - 0.4fafF' e for interior panels 

fa Computed axial unit compressive stress 
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fb Computed bending unit compressive stress at the point under consideration 
Fa Permissible axial unit compressive stress based on Kl/r. 
Fb Permissible bending unit stress; 0.6Fy. 

I 12rt2E 
F c = 23(Kl/r,)2 

rx = radius of gyration about the axis of bending. 
Q = form factor as defined in Section 103.2 (b). 

The radius of gyration of the top chord about its vertical axis shall not be Ies:; than l/170 where lis 
the spacing in inches (mm) between lines of bridging as specified in Section I 04.5 (d). 

The top chord shall be considered as stayed laterally by the floor or roof deck, provided the 
requirements of Section 104.9 (e) of these specifications are met. 

(b) Web 

The vertical shears to be used in the design of the web members shall be determined from full 
uniform loading but such vertical shear shall not be less than 25 percent of the end reaction. Interior 
vertical web members used in modified Warren-type web systems shall be designed to resist the 
gravity loads supported by the member plus 1h of 1.0 percent of the top chord axial force. 

(c) Depth 

Joists may have either parallel chords or a top chord slope of 1/8 inch per foot (1 :96). The depth, 
for the purpose of design, in all cases shall be the depth at midspan. 

(d) Eccentricity 

Members connected at a joint shall have their center of gravity lines meet at a point, if practical. 
Eccentricity on either side of the neutral axis of chord members may be neglected when it does not 
exceed the distance between the neutral axis and the back of the chord. Othe:wise, provision shall 
be made for the stresses due to eccentricity. Ends of joists shall be proportioned to resist bending 
produced by eccentricity at the support. 

In those cases where a single angle compression member is attached to the o Jtside of the stem of a 
tee or double-angle chord, due consideration shall be given to eccentricity. 

(e) Extended ends 

Extended top chords or full-depth cantilever ends require the special attention of the specifying 
professional. The magnitude and location of the design loads to be supported, the deflection 
requirements and the proper bracing shall be clearly indicated on the structural drawings. 

The magnitude and location of the design loads to be supported, the deflection requirements, and 
the proper bracing shall be clearly indicated on the structural drawings. 

103.5 CONNECTIONS 

(a) Methods 

Joint connections and splices shall be made by attaching the members to one another by arc or 
resistance welding or other approved method. 
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I) Welded connections. 
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a) Selected welds shall be inspected visually by the manufacturer. Prior to this i11spection, weld 
slag shall be removed. 

b) Cracks are not acceptable and shall be repaired. 

c) Thorough fusion shall exist between layers of weld metal and between weld metal and base 
metal for the required design length of the weld; such fusion shall be verified by vi sua! inspection. 

d) Unfilled weld craters shall not be included in the design length of the weld. 

e) Undercut shall not exceed 1116 inch (2 mm) for welds oriented parallel to the principal stress. 

f) The sum of surface (piping) porosity diameters shall not exceed 1/16 inch (2 mm) in any I inch 
(26 mm) of design weld length. 

g) Weld spatter that does not interfere with paint coverage is acceptable. 

2. Welding program. 

Manufacturers shall have a program for establishing weld procedures and operator qualification 
and for weld sampling and testing. 

3. Weld inspection by Outside Agencies (See Section 104.13 of these specific;:,tions). 

The agency shall arrange for visual inspection to determine that welds meet the acceptance stand­
ards of Section I 03.5 a. 1 above. Ultrasonic X-ray, and magnetic particle testing are inappropriate 
for joists due to the configuration of the components and welds. 

(b) Strength 

Joint connections shall develop the maximum force due to any of the design loads, but not less 
than 50 percent of the allowable strength of the member in tension or compression, whichever force 
is the controlling factor in the selection of the member. 

(c) Shop Splices 

Shop splices may occur at any point in chord or web members. Splices shall be designed for the 
member force but not less than 50 percent of the allowable member strength. Members containing a 
butt weld splice shall develop an ultimate tensile force of at least 57,000 psi (393 MPa) times the full 
design area of the chord or web. The term "member" shall be defined as all component parts, com­
prising the chord or web, at the point of splice. 

(d) Field splices 

Field splices shall be designed by the manufacturer and may be either bolted or welded. Splices 
shall be designed for the member force, but not less than 50 percent of the allowable member 
strength. 

103.6 CAMBER 

Joists shall have approximate cambers in accordance with the following: 

Top Chord Length Approximate Camber 
20'-0" (6096 mm) 1/4" (7 mm) 
30'-0" (9144 mm) 3fs" (10 mm) 

40' -0" (12 192 mm) 5/s" (16 mm) 

50' -0" (15 240 mm) I" (26 mm) 

60' -0" (18 288 mm) 11/ 2" (38 mm) 
70' -0" (21 336 mm) 2" (51 mm) 

80' -0" (24 384 mm) 23/4" (70 mm) 

90' -0" (27 432 mm) 31/z" (89 mm) 
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100'-0" (30 480 mm) 

110'-0" (33 528 mm) 

120' -0" (36 576 mm) 

130' -0" (39 621 mm) 

140'-0" (42 672 mm) 
144' -0" (43 890 mm) 

103.7 SHOP PAINTING 
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41/4'' (108 mm) 
5' (127 mm) 
6' (152 mm) 

7" (178 mm) 

8' (203 mm) 
81/2'' (216 mm) 

Joists and accessories shall receive one shop coat of protective paint as specified in Section 
102.4. 

103.8 VERIFICATION OF DESIGN AND MANUFACTURE 

(a) Design Calculations 

Companies manufacturing any LH- or DLH- Series Joists shall submit design data to the Steel 
Joist Institute (or an independent agency approved by the Steel Joist Institule) for verification of 
compliance with the SJI Specifications. 

(b) In-Plant Inspections 

Each manufacturer shall verify their ability to manufacture LH- Series and DLH- Series Joists 
through periodic In-Plant Inspections. Inspections shall be performed by an independent agency 
approved by the Steel Joist Institute. The frequency, manner of inspection, and manner of reporting 
shall be determined by the Steel Joist Institute. The Plant inspections are not a guarantee of the qual­
ity of any specific joists or Joist Girders; this responsibility lies fully and solely with the individual 
manufacturer. 

SECTION 104 
APPLICATION 

104.1 USAGE 

These specifications shall apply to any type of structure where floors and roof decks are to be 
supported directly by steel joists installed as hereinafter specified. Where joifts are used other than 
on simple spans under uniformly distributed loading, as prescribed in Sectio11 103.1, they shall be 
investigated and modified if necessary to limit the unit stresses to those listed in Section 103.2. 

CAUTION: If a rigid connection of the bottom chord is to be made to the column or other sup­
port, it shall be made only after the application of the dead loads. The joist is :hen no longer simply 
supported and the system must be investigated for continuous frame action by the specifying pro­
fessional. 

The designed detail of a rigid type connection and moment plates shall be shown on the structural 
drawings. The moment plates shall be furnished by other than the joist manufacturer. 

104.2 SPAN 

The clear span of joists shall not exceed 24 times their depth. The term "Span" as used herein is 
defined as the clearspan plus 8 inches (203 mm). 

104.3 DEPTH 

The nominal depth of sloping chord joists shall be the depth at mid-span. The standard slope of 
the top chord shall be 118 inch per foot (1 :96). 
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104.4 END SUPPORTS 

(a) Masonry and Concrete 
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LH- and DLH-Series joist supported by masonry or concrete are to bear on steel bearing plates 
and shall be designed as steel bearing. Due consideration of the end reactions and all other vertical 
and lateral forces shall be taken by the specifying professional in the design of the steel bearing plate 
and the masonry or concrete. The ends of LH- and DLH- Series joists shall extend '' distance of not 
less than 6 inches (152 mm) over the masonry or concrete support and be anchored to the steel bear­
ing plate. The plate shall be located not more than 1/2 inch (13 mm) from the face of the wall and 
shall not be less than 9 inches (229 mm) wide perpendicular to the length of the joist. It is to be 
designed by the specifying professional in compliance with the allowable unit stresses in Section 
A5.1 (Allowable Stress Design) of the A.I.S.C. Specifications of latest adoption. The steel bearing 
plate shall be furnished by other than the joist manufacturer. 

Where it is deemed necessary to bear less than 6 inches (152 mm) over the masonry or concrete 
support, special consideration is to be given to the design of the steel bearing plate and the masonry 
or concrete by the specifying professional. The joists must bear a minimum of 4 ind es ( 102 mm) on 
the steel bearing plate. 

(b) Steel 

Due consideration of the end reactions and all other vertical and lateral forces shall be taken by 
the specifying professional in the design of the steel support. The ends of LH- or DLH-Series joists 
shall extend a distance of not less than 4 inches (1 02 mm) over the steel supports. Where it is deemed 
necessary to butt opposite joists over a narrow steel support with bearing less than that noted above, 
special ends must be specified, and such ends shall have positive attachment to the support, either 
by bolting or welding. 

104.5 BRIDGING 

(a) Horizontal 

Horizontal bridging lines shall consist of two continuous horizontal steel members, one attached 
to the top chord and the other attached to the bottom chord. The (l/r) of the bridging member shall 
not exceed 300, where I is the distance in inches (mm) between attachments and r i:; the least radius 
of gyration of the bridging member. 

(b) Diagonal 

Diagonal bridging lines shall consist of cross bracing with l/r ratio of not more than 200, where I is 
the distance in inches between connections and r is the least radius of gyration of the bracing mem­
ber. Where cross-bracing members are connected at their point of intersection, the l distance shall 
be taken as the distance in inches (mm) between connections at the point of intersection of the brac­
ing members and the connections to the chords of the joists. 

(c) Bridging lines 

For spans up through 40 feet (12 192 mm), welded horizontal bridging may be used. For spans 
over 40 feet (12 192 mm) through 60 feet (18 288 mm), welded horizontal bridging may be used 
except that one row nearest midspan shall be bolted diagonal bridging. 

For spans over 60 feet (18 288 mm), bolted diagonal bridging shall be used. 

(d) Spacing 

The maximum spacing of lines of bridging shall not exceed the values in Table 1 04.5.1. See Sec­
tion 104. 12 for bridging required for uplift forces. 
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TABLE NO. 104.5.1 

Max. Spacing of Lines of Bridging 
LH-*Section Number 

x 304.8 for mm 

02 to 09 incl. 11'-0" 
10 to 12 incl. 16'-0" 
13 to 14 incl. 16'-0" 
15 to 17 incl. 21'-0" 

DLH- *Section Max. Spacing of Lines of Bridging 

Number 
X 304.8 for mm 

10 14'-0" 
11 to 12 incl. 16'-0" 
13 to 14 incl. 16'-0" 
15tol7incl. 21'-0" 
18tol9incl. 26'-0" 

CHAP. 22, DIV. Ill 
2219 

Horizontal Bracing 
Force** 

x 4.448 forN 

1100 lbs. 
1100 lbs. 
1400 lbs. 
2700lbs. 

Horizontal Bracing 
ll"orces** 

x 4.448 for N 

1100 lbs. 
1100 lbs. 
1400 lbs. 
2700 lbs. 
3400 lbs. 

Number of lines of bridging are based on joist clear span dimensions. 

*Last two digits of joist designation shown in load table. 
**Each connection to the chord shall resist one-half of this force. 

(e) Connections 

Connections to the chords of the steel joists shall be made by positive mechanical means or by 
welding, and capable of resisting a horizontal force not less than that specified in Table 104.5.1. 

(f) Bottom Chord Bearing Joist 

Where bottom chord bearing joists are utilized, there shall be a row of diagonal bridging near the 
support to provide lateral stability. This bridging shall be installed as the joists are set in place. 

104.6 INSTALLATION OF BRIDGING 

All bridging and bridging anchors shall be completely installed before construction loads are 
placed on the joists. 

Bridging shall support the top and bottom chords against lateral movemen: during the construc­
tion period and shall hold the steel joists in the approximate position as shown on the plans. 

The ends of all bridging lines terminating at walls or beams shall be anchored to resist the force 
shown in Table 1 04.5.1. 

104.7 END ANCHORAGE 

(a) Masonry and Concrete 

Ends of LH- or DLH-Series joists resting on steel bearing plates on masonry or structural con­
crete shall be attached thereto with a minimum of two 1/4 inch (6 mm) fillet welds 2 inches (51 mm) 
long, or with two 3/4 inch (20 mm) bolts. 

(b) Steel 

Ends of LH- or DLH- Series Joists resting on steel supports shall be attached thereto with a mini­
mum of two 1/4 inch (6 mm) fillet welds 2 inches (51 mm) long, or with two 3/4 inch (20 mm) bolts. 
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In steel frames, where columns are not framed in at least two directions with struclural steel mem­
bers, joists at column lines shall be field bolted at the columns to provide lateral stability during 
construction. 

(c) Uplift 

Where uplift forces are a design consideration, roof joists shall be anchored to re>ist such forces. 

104.8 JOIST SPACING 

Joists shall be spaced so that the loading on each joist does not exceed the allowable load given for 
the particular designation and clearspan in the Load Table. 

104.9 FLOORS AND ROOF DECKS 

(a) Material 

Floors and roof decks may consist of cast-in place or precast concrete or gypsum, formed steel, 
wood or other suitable material capable of supporting the required load at the specified joist spac­
ing. 

(b) Thickness 

Cast-in-place slabs shall be not less than 2 inches (51 mm) thick. 

(c) Centering 

Centering for structural slabs may be ribbed metal lath, corrugated steel sheets, paper-back 
welded wire fabric, removable centering or any other suitable material capable of supporting the 
slab at the designated joist spacing. Centering shall not cause lateral displacement or damage to the 
top chord of joists during installation or removal of the centering or placing of the concrete. 

(d) Bearing 

Slabs or decks shall bear uniformly along the top chords of the joists. 

(e) Attachments 

The spacing of attachments along the top chord shall not exceed 36 inches (914 mm). Such 
attachments of the slab or deck to the top chords of joists shall be capable of resisting the following 
forces. 

*Section Number 

02 to 04 incl. 
05 to 09 incl. 
10 to 17 incl. 

18 and 19 incl. 

TABLE NO. 104.9.1 

Equivalent Force Required 
(X 14.59 for N/m) 

120 lbs./ft. 
150 lbs./ft. 
200 lbs./ft. 
250 lbs./ft. 

*Last two digits of joist designation shown in Load Table. 

(f) Wood Nailers 

Where wood nailers are used, such nailers in conjunction with the deck or slab shall be firmly 
attached to the top chords of the joists in conformance with Section I 04.9 (e). 

104.10 DEFLECTION 

The deflection due to the design live load shall not exceed the following: 
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Floors: 
Roofs: 

1h6o of span 
1h6o of span where a plaster ceiling is attached or wspended 
1 h4o of span for all other cases 

The specifying professional shall give due consideration to the effects of deflection in selection 
of joists. 

104.11 PONDING 

Unless a roof surface is provided with sufficient slope toward points of free drainage or adequate 
individual drains to prevent the accumulation of rain water, the roof system shall be investigated to 
assure stability under ponding conditions in accordance with Section K2 (Allowable Stress Design) 
of the AISC Specifications.* 

The ponding investigation shall be performed by the specifying professional. 

104.12 UPLIFT 

Where uplift forces due to wind are a design requirement, these forces mw;t be indicated on the 
contract drawings in terms of net uplift in pounds per square foot (Pa). When these forces are speci­
fied, they must be considered in the design of joists and/or bridging. A single line of bottom chord 
bridging must be provided near the first bottom chord panel points whenev~r uplift due to wind 
forces is a design consideration.** 

104.13 INSPECTION 

Joists shall be inspected by the manufacturer before shipment to ensure compliance of materials 
and workmanship with the requirements of these specifications. If the purcha>er wishes an inspec­
tion of the steel joists by someone other than the manufacturer's own inspectors, he may reserve the 
right to do so in his "Invitation to Bid" or the accompanying "Job Specifications." Arrangements 
shall be made with the manufacturer for such inspection of the joists at the manufacturing shop by 
the purchaser's inspectors at purchaser's expense. 

SECTION 1 05*** 
HANDLING AND ERECTION 

Particular attention should be paid to the erection of Long span and Deep Long span Steel Joists. 

Care shall be exercised at all times to avoid damage through careless handling during unloading, 
storing and erecting. Dropping of joists shall not be permitted. 

Each joist shall be adequately braced laterally before any loads are applied. If lateral support is 
provided by bridging, the bridging lines as defined below must be anchored to prevent lateral move­
ment. 

Hoisting cables shall not be released until one line of bolted diagonal brid:~ing nearest midspan 
for spans over 40ft. (12 192 mm) through 60 ft. (18 288 mm), two lines of bolted diagonal bridging 
nearest third points of the span for spans of over 60 ft. (18 288 mm) through I 00 ft. (30 480 mm), 
and all bolted diagonal bridging lines for spans over 100ft. (30 480 mm), are installed. Where joists 
are bottom bearing, the hoisting cables shall not be released until the ends are laterally restrained 

*For further reference, refer to Steel Joist Institute Technical Digest #3 "Structural Design of Steel Joist Roofs to 
Resist Ponding Loads." 

**For further reference, refer to Steel Joist Institute Technical Digest #6, "Structural Design of Steel Joist Roofs 
to Resist Uplift Loads." 

***For thorough coverage of this topic, refer to SJI Technical Digest #9, "Handling and Erection of Steel Joists and 
Joist Girders" (See page 5). 

2-409 



CHAP. 22, DIV. Ill 
2219 1994 UNIFORM BUILDING CODE 

and bridging is installed as above. For ease of alignment, anchorage of joists end:; in accordance 
with Section l 04.7 should follow the installation of bridging. During the construction period, the 
contractor shall provide means for the adequate distribution of concentrated loads so that the carry­
ing capacity of any joist is not exceeded. 

Field welding shall not damage the joists. The total length of weld at any one cross-section on 
cold-formed members whose yield strength has been attained by cold working and whose as­
formed strength is used in the design, shall not exceed 50 percent of the overall developed width of 
the cold-formed section. 
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STANDARD LOAD TABLE-LONGSPAN STEEL JOISTS, LH SERIES 
Adopted by the Steel Joist Institute May 25, 1983. Revised to November 15, 1989. 

Based on a Maximum Allowable Tensile Stress of 30,000 psP (207 MPa) 
The upper figures in the following table give the total safe uniformly distributed load-carrying capacities, in pounds per linear foot (x 14.59 for N/m), of 

LH-Series joists. The weight of dead loads, including the joists, must in all cases be deducted to determine the live load-carrying capacities of the joists. 
The approximate dead load of the joists may be determined from the weights per linear foot (x 14.59 for N/m) shown in the tables. 

The lower figures in this load table are the live loads per linear foot of joist which will produce an approximate deflection of 1/360 of the span. Live 
loads which will produce a deflection of 1/240 of the span may be obtained by multiplying the lower figures by 1.5. In no case shall the total load capacity 
of the joists be exceeded. 

This load table applies to joists with either parallel chords or standard pitched top chords. When top chords are pitched, the carrying capacities are 
determined by the nominal depth of the joists at center of the span. Standard top chord pitch is 1J8 inch per foot (1 :96). If pitch exceeds this standard, the 
load table does not apply. The load table may be used for parallel chord joists installed to a maximum slope of 1/2 inch per foot (1 :24). 

When holes are required in top or bottom chords, the carrying capacities must be reduced in proportion to reduction of chord areas. 

The top chords are considered as being stayed laterally by floor slab or roof deck. 
The approximate joist weights per linear foot (x 14.59 for N/m) shown in these tables do not include accessories. 

APPRDX. 
WT.IN 

LBS. PER 
LINEAR SAFE 

FT. LOAD* 
(Joists DEPTH IN IN LBS. 
only) INCHES BETWEEN CLEAR SPAN IN FEET 

X 4.448 x 304.8 for mm X 14.59 x 25.4 for lorN 
JOIST forN/m mm 

DESIGNATION 21-24 25 26 27 28 29 30 31 32 33 34 35 36 

18LH02 10 18 12,000 468 442 418 391 367 345 324 306 289 273 259 245 
313 284 259 234 212 193 175 160 147 135 124 114 

18LH03 II 18 13,300 521 493 467 438 409 382 359 337 317 299 283 267 
348 317 289 262 236 213 194 177 161 148 136 124 

18LH04 12 18 15,500 604 571 535 500 469 440 413 388 365 344 325 308 
403 367 329 296 266 242 219 200 182 167 153 141 

1 OT TTf"'l.~ '~ •o 1 '7 f;.fV\ t:OA t:AO t:IA <:01 <:A~ <:flO ~76 ~~8 ~2! 397 375 355 lOLllVJ >J >U !I,..JVV vu~ v~u v., ~v• ~ ·~ ~vv 

454 414 378 345 311 282 256 233 212 195 179 164 
18LH06 15 18 20,700 809 749 696 648 605 566 531 499 470 443 418 396 

526 469 419 377 340 307 280 254 232 212 195 180 
18LH07 17 18 21,500 840 809 780 726 678 635 595 559 526 496 469 444 

553 513 476 428 386 349 317 288 264 241 222 204 

(Continued) 
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APPROX. 
WT.IN 

LBS. PER 
LINEAR SAFE 

FT. LOAD• 
(Joists DEPTH IN IN LBS. 
only) INCHES BETWEEN 

x 25.41or 
X 4.448 

X 14.59 lorN 
JOIST lorN/m mm 

21-24 25 27 28 30 31 DESIGNATION 26 29 

18LH09 21 18 24,000 936 901 868 838 810 783 759 
616 571 527 491 458 418 380 

22-24 25 26 27 28 29 30 31 

20LH02 10 20 11,300 442 437 431 410 388 365 344 
306 303 298 274 250 228 208 

20LH03 II 20 12,000 469 463 458 452 434 414 395 
337 333 317 302 280 258 238 

20LH04 12 20 14,700 574 566 558 528 496 467 440 
428 406 386 352 320 291 265 

20LH05 14 20 15,800 616 609 602 595 571 544 513 
459 437 416 395 366 337 308 

20LH06 15 20 21,100 822 791 763 723 679 635 596 
606 561 521 477 427 386 351 

20LH07 17 20 22,500 878 845 814 786 760 711 667 
647 599 556 518 484 438 398 

20LH08 19 20 23,200 908 873 842 813 785 760 722 
669 619 575 536 500 468 428 

20LH09 21 20 25,400 990 953 918 886 856 828 802 
729 G7J r~r ~o, ~·~ ~ .... ~ ·~~ U-'CU JOl _, .... JVI ..,_, 

20LHIO 23 20 27,400 1068 1028 991 956 924 894 865 
786 724 673 626 585 545 510 

CLEAR SPAN IN FEET 

x 304.8 lor mm 

32 33 34 35 36 

713 671 633 598 566 
346 316 289 266 245 
32 33 34 35 36 

325 307 291 275 262 
190 174 160 147 136 
372 352 333 316 299 
218 200 184 169 156 
416 393 372 353 335 
243 223 205 189 174 
484 458 434 411 390 
281 258 238 219 202 
560 527 497 469 444 

320 292 267 246 226 
627 590 556 526 497 
362 331 303 278 256 
687 654 621 588 558 
395 365 336 309 285 
778 755 712 673 636 
·~~ ~nr• ~""' ~~" 309 .. _,, JJJ JVV JJV 

839 814 791 748 707 
479 448 411 377 346 

37 38 39 

249 237 225 
126 117 108 
283 269 255 
143 133 123 
318 303 289 
161 149 139 
371 353 336 
187 173 161 
421 399 379 
209 192 178 
471 447 425 
236 218 202 
530 503 479 
262 242 225 
603 572 544 
285 264 244 

670 636 604 
320 296 274 

40 

215 
101 
243 
114 
275 
129 
321 
150 
361 
165 
404 
187 
457 
209 
517 
227 

575 
254 
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28·32 33 34 35 36 37 38 39 40 41 

24LH03 II 24 11,500 342 339 336 323 307 293 279 267 255 
235 226 218 204 188 175 162 152 141 

24LH04 12 24 14,100 419 398 379 360 343 327 312 298 285 
288 265 246 227 210 195 182 169 158 

24LH05 13 24 15,100 449 446 440 419 399 380 363 347 331 
308 297 285 264 244 226 210 196 182 

24LH06 16 24 20,300 604 579 555 530 504 480 457 437 417 
411 382 356 331 306 284 263 245 228 

24LH07 17 24 22,300 665 638 613 588 565 541 516 491 468 
452 421 393 367 343 320 297 276 257 

24LH08 18 24 23,800 707 677 649 622 597 572 545 520 497 
480 447 416 388 362 338 314 292 272 

24LH09 21 24 28,000 832 808 785 764 731 696 663 632 602 
562 530 501 460 424 393 363 337 313 

24LH10 23 24 29,600 882 856 832 809 788 768 737 702 668 
596 559 528 500 474 439 406 378 351 

24LHII 25 24 31,200 927 900 875 851 829 807 787 768 734 
624 588 555 525 498 472 449 418 388 

33·40 41 42 43 44 45 46 47 48 49 

28LH05 13 28 14,000 337 323 310 297 286 275 265 255 245 
219 205 192 180 169 159 150 142 133 

28LH06 16 28 18,600 448 429 412 395 379 364 350 337 324 
289 270 253 238 223 209 197 186 175 

28LH07 17 28 21,000 505 484 464 445 427 410 394 379 365 
326 305 285 267 251 236 222 209 197 

ZoLHOo io 20 22,500 540 5i7 '+:1U 
•~r ur .00 '"" AA~ 10., 
'+/J "tJU "tJO '+"-V -.vJ JUI 

348 325 305 285 268 252 236 222 209 
28LH09 21 28 27,700 667 639 612 586 563 540 519 499 481 

428 400 375 351 329 309 291 274 258 
28LHIO 23 28 30,300 729 704 679 651 625 600 576 554 533 

r 466 439 414 388 364 342 322 303 285 

.... 
(,) 

(Continued) 

42 43 44 45 

244 234 224 215 
132 124 116 109 
273 262 251 241 
148 138 130 122 
317 304 291 280 
171 160 150 141 
399 381 364 348 
211 197 184 172 
446 426 407 389 
239 223 208 195 
475 455 435 417 
254 238 222 208 
574 548 524 501 
292 272 254 238 
637 608 582 556 
326 304 285 266 
701 671 642 616 
361 337 315 294 
50 51 52 53 

237 228 220 213 
126 119 113 107 
313 301 291 281 
166 156 148 140 
352 339 327 316 
186 176 166 158 
371 ""'"' 344 33! JJI 

196 185 175 165 
463 446 430 415 
243 228 216 204 
513 495 477 460 
269 255 241 228 

46 47 

207 199 
102 96 
231 222 
114 107 
269 258 
132 124 
334 320 
161 152 
373 357 
182 171 
400 384 
196 184 
480 460 
223 209 
533 511 
249 234 
590 567 
276 259 

54 55 

206 199 
102 97 
271 262 
133 126 
305 295 
150 142 
319 303 

156 148 
401 387 
193 183 
444 429 
215 204 

48 

191 
90 
214 
101 
248 
117 
307 
142 
343 
161 
369 
173 
441 
196 
490 
220 
544 
243 
56 

193 
92 

253 
120 
285 
135 
297 

140 
374 
173 
415 
193 
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1 28LHII 25 28 32,500 780 762 736 711 682 655 629 605 582 561 540 
...... 
~ 

498 475 448 423 397 373 351 331 312 294 278 
28LH12 27 28 35,700 857 837 818 800 782 766 737 709 682 656 632 

545 520 496 476 454 435 408 383 361 340 321 
28LH13 30 28 37,200 895 874 854 835 816 799 782 766 751 722 694 

569 543 518 495 472 452 433 415 396 373 352 
STANDARD LOAD TABLE-LONGSPAN STEEL JOISTS, LH SERIEs-{ Continued) 

APPROX. 
WT.IN 

LBS. PER 
LINEAR SAFE 

FT. LOAD* 
(Joists DEPTH IN IN LBS. 
only) INCHES BETWEEN CLEAR SPAN IN FEET 

X 4.448 x 3D4.81or mm X 14.59 X 25.4101 lorN 
JOIST lorN/m mm 

DESIGNATION 38-48 49 50 51 52 53 54 55 56 57 58 59 

32LH06 14 32 16,700 338 326 315 304 294 284 275 266 257 249 242 
211 199 189 179 169 161 !53 145 138 131 125 

32LH07 16 32 18,800 379 366 353 341 329 318 308 298 288 279 271 
235 223 211 200 189 179 170 162 !54 146 140 

32LH08 17 32 20,400 411 397 383 369 357 345 333 322 312 302 393 
255 242 229 216 205 194 184 175 167 !59 !51 

32LH09 21 32 25,600 516 498 480 463 447 432 418 404 391 379 367 
319 302 285 270 256 243 230 219 208 198 189 

32LHIO 21 32 28,300 571 550 531 512 495 478 462 445 430 416 402 
352 332 315 297 282 267 254 240 228 217 206 

32LHII 24 32 31,000 625 602 580 560 541 522 505 488 473 458 443 
385 363 343 325 308 292 277 263 251 239 227 

32LH12 27 32 36,400 734 712 688 664 641 619 598 578 559 541 524 
450 428 406 384 364 345 327 311 295 281 267 

32LHU 30 32 40,600 lin !iOI /!i:l Ill /4.1. tiS 690 666 643 62i 600 
500 480 461 444 420 397 376 354 336 319 304 

32LH14 33 32 41,800 843 826 810 795 780 766 738 713 688 665 643 
515 495 476 458 440 417 395 374 355 337 321 

521 502 485 
263 249 236 
609 587 566 
303 285 270 
668 643 620 
332 314 297 

60 61 62 

234 227 220 
119 114 108 
262 254 247 
133 127 121 
284 275 267 
144 137 131 
356 345 335 
180 172 164 
389 376 364 
196 186 178 
429 416 403 
216 206 196 
508 492 477 
255 243 232 
58i 562 544 
288 275 262 
622 602 583 
304 290 276 

468 
223 
546 
256 
598 
281 

63 

214 
104 
240 
116 
259 
125 
325 
!57 
353 
169 
390 
187 
463 
221 
527 
249 
564 
264 

453 
212 
527 
243 
577 
266 

64 

208 
99 
233 
Ill 
252 
120 
315 
149 
342 
162 
378 
179 
449 
211 
5ii 
238 
547 
251 
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32LHIS 3S 32 43,200 870 8S3 837 82I 80S 79I 776 763 
S32 SII 492 473 4S4 438 422 407 

42-56 57 58 59 60 61 62 63 64 

36LH07 I6 36 I6,800 292 283 274 266 2S8 2SI 244 237 
I77 I68 I60 IS3 I46 I40 I34 I28 

36LH08 I8 36 I8,SOO 32I 3II 302 293 284 276 268 260 
I94 I8S I76 I68 I60 IS3 I46 I40 

36LH09 2I 36 23,700 4II 398 386 374 363 3S2 342 333 
247 23S 224 2I4 204 I9S I86 I79 

36LHJO 2I 36 26,IOO 4S4 440 426 413 40I 389 378 367 
273 260 248 236 22S 2IS 206 I97 

36LHII 23 36 28,SOO 49S 480 46S 4SI 438 42S 4I2 40I 
297 283 269 2S7 246 234 224 2I4 

36LHI2 2S 36 34,IOO S93 S7S SS7 S40 S23 S08 493 478 
3S4 338 322 307 292 279 267 2SS 

36LHI3 30 36 40,IOO 697 67S 6S4 634 6IS S96 S79 S62 
4IS 39S 376 3S9 342 327 3I2 298 

36LHI4 36 36 44,200 768 7SS 729 706 683 66I 64I 62I 
4S6 434 4I2 392 373 3S6 339 323 

36LHIS 36 36 46,600 809 79S 78I 769 744 72I 698 677 
480 464 448 434 4I3 394 37S 3S8 

47-64 65 66 67 68 69 70 71 72 

40LH08 I6 40 I6,600 2S4 247 24I 234 228 222 2I7 2II 
ISO I44 I38 I32 I27 I22 II7 II2 

40LH09 2I 40 2I,800 332 323 3IS 306 298 29I 283 276 
I96 I88 I80 I73 I66 I60 IS3 I47 

4ULHIU 21 40 24,000 361 351 341 338 329 32i 3i3 305 
2I6 207 I98 I90 I83 I76 I69 I62 

40LHII 22 40 26,200 399 388 378 368 3S8 349 340 332 
234 224 2IS 207 I98 I90 I83 I76 

40LHI2 2S 40 3I,900 486 472 4S9 447 43S 424 4I3 402 

i 
28S 273 261 2SI 24I 23I 222 2I3 

-(II 

7SO 72S 70I 678 6S6 
393 374 3SS 338 322 
65 66 67 68 69 

230 224 2I8 2I2 207 
I22 II7 II2 107 103 
2S3 246 239 233 227 
I34 I28 I23 II8 II3 
323 3I4 306 297 289 
I7I I63 IS7 ISO I44 
3S7 347 338 328 320 
I88 I80 I73 I6S IS9 
389 378 368 3S8 348 
20S I96 I88 I80 I73 
464 4SO 437 424 4I2 
243 232 222 2I3 204 
S46 S3I SI6 S02 488 
28S 273 262 2SI 240 
602 S84 S67 SSI S3S 
309 29S 283 270 2S9 
6S6 637 6I8 600 S83 
342 327 3I2 299 286 
73 74 75 76 77 

206 20I I96 I92 I87 
I08 I04 IOO 97 93 
269 263 2S6 2SO 244 
I4I 136 I3I I26 I22 
297 290 203 "-/U 

~~n 

.:.u7 

IS6 ISO I44 I39 I34 
323 3IS 308 300 293 
I69 I63 IS7 ISI 14S 
392 382 373 364 3SS 
20S I97 I89 I82 176 

63S 6I6 
306 292 
70 71 

20I I96 
99 9S 
22I 2IS 
I09 I04 
282 27S 
I38 I33 
3II 303 
IS2 I46 
339 330 
I66 IS9 
400 389 
I9S I87 
47S 463 
23I 222 
S20 sos 
247 237 
S67 SSI 
274 263 
78 79 

I83 I78 
90 86 
239 233 
II8 II3 
~~~ ~~~ 
.:.u.:. "-JJ 

I29 I24 
286 279 
I40 13S 
346 338 
I69 I63 

S97 
279 
72 

I9I 
9I 

209 
IOO 
267 
I27 
29S 
I40 
322 
IS3 
378 
I79 
4SI 
2I3 
492 
228 
S36 
2S2 
80 

I74 
83 

228 
109 
~•n .,. .. 7 

II9 
273 
I30 
330 
IS7 
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40LH13 30 40 37,600 573 557 542 528 514 500 487 475 463 451 440 
334 320 307 295 283 271 260 250 241 231 223 

40LH14 35 40 43,000 656 638 620 603 587 571 556 542 528 515 502 
383 367 351 336 323 309 297 285 273 263 252 

40LH15 36 40 48,100 734 712 691 671 652 633 616 599 583 567 552 
427 408 390 373 357 342 328 315 302 290 279 

40LH16 42 40 53,000 808 796 784 772 761 751 730 710 691 673 655 
469 455 441 ~8 416 ~ 387 371 356 342 329 , ___ ---

STANDARD LOAD TABLE-LONGSPAN STEEL JOISTS, LH SERIEs-{Continued) 

APPROX. 
WT.IN 

LBS. PER 
LINEAR SAFE 

FT. LOAD* 
(Joists DEPTH IN INLBS. 
only) INCHES BETWEEN CLEAR SPAN IN FEET 

x 25.4for 
X 4.448 x 304.8 for mm X 14.59 lorN 

JOIST forN/m mm 
DESIGNATION 52-72 73 74 75 76 77 78 79 8D 81 82 83 

44LH09 19 44 20,000 272 265 259 253 247 242 236 231 226 221 216 
158 152 146 141 136 131 127 122 118 114 110 

44LHIO 21 44 22,100 300 293 286 279 272 266 260 254 249 243 238 
174 168 162 155 150 144 139 134 130 125 121 

44LHII 22 44 23,900 325 317 310 302 295 289 282 276 269 264 258 
188 181 175 168 162 157 151 146 140 136 131 

44LH12 25 44 29,600 402 393 383 374 365 356 347 339 331 323 315 
232 224 215 207 200 192 185 179 172 166 160 

44LH13 30 44 35,100 477 466 454 444 433 423 413 404 395 386 377 
275 265 254 246 236 228 220 212 205 198 191 

44LH14 31 44 40,400 549 534 520 506 493 481 469 457 446 436 425 
315 302 291 279 268 259 249 240 231 223 215 

44LHI:l _;6 44 4/,UOO 639 623 608 593 5t9 565 55i 537 524 5i2 sou 
366 352 339 326 314 303 292 281 271 261 252 

44LHI6 42 44 54,200 737 719 701 684 668 652 637 622 608 594 580 
421 405 390 375 362 348 336 324 313 302 291 

-

(Continued) 

429 419 409 
214 207 199 
490 478 466 
243 233 225 
538 524 511 
268 258 248 
638 622 606 
316 304 292 

84 85 86 

211 207 202 
106 103 99 
233 228 223 
117 113 110 
252 247 242 
127 123 119 
308 300 293 
155 149 144 
369 361 353 
185 179 173 
415 406 396 
207 200 193 
400 '+IU 

</~ 

'+UU 

243 234 227 

568 555 543 
282 272 263 

399 
192 
455 
216 
498 
239 
591 
282 

87 

198 
96 

218 
106 
236 
115 
287 
139 
346 
167 
387 
187 
u~ 

'+JJ 

219 
531 
255 

390 
185 
444 
209 
486 
230 
576 
271 

88 

194 
93 

214 
103 
232 
Ill 
280 
134 
338 
161 
379 
181 .. ~ 
'+'+J 

211 
520 
246 
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44LH17 47 44 58,200 790 780 769 759 750 732 715 699 683 667 652 638 624 610 597 584 
450 438 426 415 405 390 376 363 351 338 327 316 305 295 285 276 

56-80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 

48LH10 21 48 20,000 246 241 236 231 226 221 217 212 208 204 200 196 192 188 185 181 
141 136 132 127 123 119 116 112 108 105 102 99 96 93 90 87 

48LH11 22 48 21,700 266 260 255 249 244 239 234 229 225 220 216 212 208 204 200 196 
152 147 142 137 133 129 125 120 117 113 110 106 103 100 97 94 

48LH12 25 48 27,400 336 329 322 315 308 301 295 289 283 277 272 266 261 256 251 246 
191 185 179 173 167 161 156 151 147 142 138 133 129 126 122 118 

48LH13 29 48 32,800 402 393 384 376 368 360 353 345 338 332 325 318 312 306 300 294 
228 221 213 206 199 193 187 180 175 170 164 159 154 150 145 141 

48LH14 32 48 38,700 475 464 454 444 434 425 416 407 399 390 383 375 367 360 353 346 
269 260 251 243 234 227 220 212 206 199 193 187 181 176 171 165 

48LH15 36 48 44,500 545 533 521 510 499 488 478 468 458 448 439 430 422 413 405 397 
308 298 287 278 269 260 252 244 236 228 221 214 208 201 195 189 

48LH16 42 48 51,300 629 615 601 588 576 563 551 540 528 518 507 497 487 477 468 459 
355 343 331 320 310 299 289 280 271 263 255 247 239 232 225 218 

48LH17 47 48 57,600 706 690 675 660 646 632 619 606 593 581 569 558 547 536 525 515 
397 383 371 358 346 335 324 314 304 294 285 276 268 260 252 245 

*The safe uniform load for the clear spans shown in the fourth column is equal to (safe load) -;- (clear span+ 0.67) [For SI: (safe load) -;- (clear span+ 204)]. [The added 
0.67 feet (8 inches) (204 mm) is required to obtain the proper length on which the load tables were developed.] 

In no case shall the safe uniform load, for clear spans less than the minimum clear span shown in the fourth column, exceed the uniform load calculated for the minimum 
clear span listed in the fourth column. 

To solve for live loads for clear spans shown in the fourth column (or lesser clear spans), multiply the live load of the shortest clear span shown in the load tables by [the 
shortest clear span shown in the load table+ 0.67 feet (204 mm)]2 and divide by [the actual clear span+ 0.67 feet (204 mm)]2 The live load shall not exceed the safe 
uniform load. 
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STANDARD LOAD TABLE FOR DEEP LONGSPAN STEEL JOISTS, DLH SERIES 
Adopted by the Steel Joist Institute May 25, 1983. Revised to November 15, 1989. 

Based on a Maximum Allowable Tensile Stress of 30,000 psi (207 MPa) 
The upper figures in the following table give the total safe uniformly distributed load-carrying capacities, in pounds per linear foot (x 14.59 for N/m), of 

DLH-Series joists. The weight of dead loads, including the joists, must in all cases be deducted to determine the live load-carrying capacities of the 
joists. The approximate dead load of the joists may be determined from the weights per linear foot (x 14.59 for N/m) shown in the tables. All loads shown 
are for roof construction only. 

The lower figures in this table are the live loads per linear foot (x 14.59 for N/m) of joist which will produce an approximate deflection of 1J360 of the 
span. Live loads which will produce a deflection of 1/240 of the span may be obtained by multiplying the lower figures by 1.5. In no case shall the total 
load capacity of the joists be exceeded. 

This load table applies to joists with either parallel chords or standard pitched chords. When top chords are pitched, the carrying capacities are 
determined by the nominal depth of the joist at the center of the span. Standard top chord pitch is 1fa inch per foot (1 :96). If pitch exceeds this standard, 
the load table does not apply. This load table may be used for parallel chord joists installed to a maximum slope of 1/2 inch per foot (1 :24). 

When holes are required in the top or bottom chords, the carrying capacities must be reduced in proportion to reduction of chord areas. 

The top chords are considered as being stayed laterally by the roof deck. 

The approximate joist weights per linear foot (x 14.59 for N/m) shown in these tables do not include accessories. 

APPROX. 
WT.IN 

LBS. PER 
LINEAR FT. SAFE LOAD* 

(Joists DEPTH IN IN LBS. 
only) INCHES BETWEEN CLEAR SPAN IN FEET 

X 4.448 x 304.8 lor mm 
X 14.59 x 25.41or lorN 

JOIST lorN/m mm 61·88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 DESIGNATION 

52DLHIO 25 52 26,700 298 291 285 279 273 267 261 256 251 246 241 236 231 227 
171 165 159 154 150 145 140 136 132 128 124 120 116 114 

52DLHII 26 52 29,300 327 320 313 306 299 293 287 281 275 270 264 259 254 249 
187 181 174 169 164 158 153 149 144 140 135 132 128 124 

52DLHI2 29 52 32,700 365 357 349 342 334 327 320 314 307 301 295 289 284 278 
204 197 191 185 179 173 168 163 158 153 149 144 140 135 

61-88 89 90 91 92 93 94 95 96 97 98 99 100 101 102 

52DLHI3 34 52 39,700 443 433 424 414 406 397 389 381 373 366 358 351 344 338 
247 239 231 224 216 209 203 197 191 185 180 174 170 164 

52DLHI4 39 52 45,400 507 497 486 476 466 457 447 438 430 421 413 405 397 390 
276 266 258 249 242 234 227 220 213 207 201 194 189 184 

52DLHI5 42 52 51,000 569 557 545 533 522 511 500 490 480 470 461 451 443 434 
311 301 291 282 272 264 256 247 240 233 226 219 213 207 

103 104 

223 218 
110 107 
244 240 
120 117 
273 268 
132 128 
103 104 

331 325 
159 155 
382 375 
178 173 
426 418 
201 195 
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52DLH16 45 52 55,000 614 601 588 575 563 551 540 528 518 
346 335 324 314 304 294 285 276 267 

52DLH17 52 52 63,300 706 691 676 661 647 634 620 608 595 
395 381 369 357 346 335 324 315 304 

66-96 97 98 99 100 101 102 103 104 105 

56DLH11 26 56 28,100 288 283 277 272 267 262 257 253 248 
169 163 158 153 149 145 140 136 133 

56DLH12 30 56 32,300 331 324 318 312 306 300 295 289 284 
184 178 173 168 163 158 153 150 145 

56DLH13 34 56 39,100 401 394 386 379 372 365 358 351 344 
223 216 209 204 197 191 186 181 175 

56DLH14 39 56 44,200 453 444 435 427 419 411 403 396 388 
249 242 234 228 221 214 209 202 196 

56DLH15 42 56 50,500 518 508 498 488 478 469 460 451 443 
281 272 264 256 248 242 234 228 221 

56DLH16 46 56 54,500 559 548 537 526 516 506 496 487 478 
313 304 294 285 277 269 262 254 247 

56DLH17 51 56 62,800 643 630 618 605 594 582 571 560 549 
356 345 335 325 316 306 298 289 281 

7D-104 105 106 107 108 109 110 111 112 113 

60DLH12 29 60 31,100 295 289 284 279 274 270 265 261 256 
168 163 158 154 150 146 142 138 134 

60DLH13 35 60 37,800 358 351 345 339 333 327 322 316 311 
203 197 191 187 181 176 171 167 163 

60DLH14 40 60 42,000 398 391 383 376 370 363 356 350 344 
216 210 205 199 193 189 183 178 173 

60uLHi5 43 60 49~300 467 450 '+JV 
.. ~ ·~' ·~~ "" "" ,,.,~ 

'+'+..:. '+J'+ '+"-' ... 7 ..... '+VJ 

255 248 242 235 228 223 216 210 205 

60DLH16 46 60 54,200 513 504 494 485 476 468 460 451 444 
285 277 269 262 255 247 241 235 228 

60DLH17 52 60 62,300 590 579 569 558 548 538 529 519 510 

t 
324 315 306 298 290 283 275 267 261 

-

... 
CD 

(Continued) 

507 497 487 478 
260 252 245 237 
583 572 560 549 
296 286 279 270 
106 107 108 109 

244 239 235 231 
129 125 122 118 
278 273 268 263 
141 137 133 130 
338 331 325 319 
171 166 161 157 
381 375 368 361 
190 186 181 175 
434 426 419 411 
215 209 204 198 
469 460 452 444 
240 233 227 221 
539 529 520 510 
273 266 258 251 
114 115 116 117 

252 248 244 240 
131 128 124 121 
306 301 296 291 
158 154 151 147 
338 332 327 321 
170 165 161 156 
">AO """ ">0~ ""'" J70 J7.:.. JOJ J/7 

200 194 190 185 
436 428 421 414 
223 217 211 206 
501 493 484 476 
254 247 241 235 

468 459 
230 224 
539 528 
263 255 
110 111 

227 223 
115 113 
259 254 
126 123 
314 308 
152 149 
355 349 
171 167 
403 396 
192 188 
436 428 
214 209 
501 492 
245 238 
118 119 

236 232 
118 115 
286 282 
143 139 
316 310 
152 149 
"~" 367 -' '-' 

180 175 
407 400 
201 196 
468 460 
228 223 

451 
217 
518 
247 
112 

219 
110 
249 
119 
303 
145 
343 
162 
389 
182 
420 
204 
483 
231 
120 

228 
113 
277 
135 
305 
145 

""' JV! 

171 
393 
190 
453 
217 
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1 
N 
0 

JOIST 
DESIGNATION 

60DLHI8 

64DLHI2 

64DLHI3 

64DLHI4 

64DLHI5 

64DLHI6 

64DLHI7 

64DLHI8 

68DLH13 

68DLHI4 

68DLHI5 

68DLHI6 

~-

APPRDX. 
WT.IN 

LBS. PER 
LINEAR FT. 

(Joists 
only) 

X 14.59 
lorN/m 

59 

31 

34 

40 

43 

46 

52 

59 

37 

40 

40 

49 

~ .. 

STANDARD LOAD TABLE FOR DEEP LONGSPAN STEEL JOISTS, DLH SERIE5-(Continued) 

SAFE LOAD• 
DEPTH IN IN LBS. 
INCHES BETWEEN CLEAR SPAN IN FEET 

X 4.448 x 304.8 lor mm x 25.4 for lorN 
mm 7D-104 105 106 107 108 109 110 111 112 113 114 115 116 

60 71,900 681 668 656 644 632 621 610 599 589 578 568 559 
366 357 346 337 327 319 310 303 294 286 279 272 

75-112 113 114 115 116 117 118 119 120 121 122 123 124 

64 30,000 264 259 255 251 247 243 239 235 231 228 224 221 
153 150 146 142 138 135 132 129 125 122 119 116 

64 36,400 321 315 310 305 300 295 291 286 281 277 273 269 
186 181 176 171 168 163 159 155 152 148 144 141 

64 41,700 367 360 354 349 343 337 332 326 321 316 311 306 
199 193 189 184 179 174 171 166 162 158 154 151 

64 47,800 421 414 407 400 394 387 381 375 369 363 358 352 
234 228 223 217 211 206 201 196 191 187 182 177 

64 53,800 474 466 458 450 443 435 428 421 414 407 401 394 
262 254 248 242 235 229 224 218 213 208 203 198 

64 62,000 546 536 527 518 509 501 492 484 476 468 461 454 
298 290 283 275 268 262 255 248 243 237 231 226 

64 71,600 630 619 608 598 587 578 568 559 549 540 532 523 
337 328 320 311 304 296 288 282 274 267 261 255 

BD-120 121 122 123 124 125 126 127 128 129 130 131 132 

68 35,000 288 284 279 275 271 267 263 259 255 252 248 244 
171 168 164 159 155 152 149 145 142 138 135 133 

68 40,300 332 327 322 317 312 308 303 299 294 290 286 281 
IK4 17'J 175 171 16/ 163 l)'J ljj 1)2 141:S 14) 141 

68 45,200 372 365 360 354 348 343 337 332 327 322 317 312 
206 201 196 191 187 182 178 174 170 166 162 158 

68 53,600 441 433 427 420 413 407 400 394 388 382 376 371 
242 236 230 225 219 214 209 204 199 195 190 186 

117 118 

549 540 
266 259 
125 126 

218 214 
114 Ill 
264 260 
137 134 
301 296 
147 143 
347 341 
173 170 
388 382 
193 189 
446 439 
220 215 
515 507 
249 243 
133 134 

241 237 
130 127 
277 273 
UI:S Jjj 

308 303 
155 152 
365 360 
182 178 

119 

531 
252 
127 

211 
109 
257 
131 
292 
140 
336 
165 
376 
184 
432 
210 
499 
237 
135 

234 
124 
269 
IJj 

299 
148 
354 
174 

120 

522 
246 
128 

208 
106 
253 
128 
287 
136 
331 
161 
370 
180 
426 
205 
491 
232 
136 

231 
121 
266 
130 

294 
145 
349 
171 
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68DLH17 55 68 60,400 497 489 481 474 467 460 453 446 439 433 427 420 414 408 403 397 
275 268 262 256 249 244 238 232 228 222 217 212 208 203 198 194 

68DLH18 61 68 69,900 575 566 557 549 540 532 524 516 508 501 493 486 479 472 465 459 
311 304 297 289 283 276 269 263 257 251 246 240 234 230 225 219 

68DLH19 67 68 80,500 662 651 641 631 621 611 601 592 583 574 565 557 548 540 532 525 
353 344 336 328 320 313 305 298 291 285 278 272 266 260 254 248 

84-128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 

72DLH14 41 72 39,200 303 298 294 290 285 281 277 274 270 266 262 259 255 252 248 245 
171 167 163 159 155 152 149 146 143 139 136 133 131 128 125 123 

72DLH15 44 72 44,900 347 342 336 331 326 322 317 312 308 303 299 295 291 286 282 279 
191 187 183 178 174 171 167 163 160 156 152 150 147 143 140 137 

72DLH16 50 72 51,900 401 395 390 384 378 373 368 363 358 353 348 343 338 334 329 325 
225 219 214 209 205 200 196 191 188 183 179 175 171 169 165 161 

72DLH17 56 72 58,400 451 445 438 432 426 420 414 408 402 397 391 386 381 376 371 366 
256 250 245 239 233 228 224 218 213 209 205 200 196 191 188 184 : 

72DLH18 59 72 68,400 528 520 512 505 497 490 483 479 470 463 457 450 444 438 432 426 
289 283 276 270 265 258 252 247 242 236 231 227 222 217 212 209 

72DLH19 70 72 80,200 619 609 600 591 582 573 565 557 549 541 533 526 518 511 504 497 
328 321 313 306 300 293 286 280 274 268 263 257 251 247 241 236 

*This safe uniform load for the clear spans shown in the fourth column is equal to (safe load) -;- (clear span+ 0.67) [For SI: (safe load -;- (clear span+ 204)]. [The added 
0.67 feet (8 inches) (204 mm) is required to obtain the proper length on which the load tables were developed.] 

In no case shall the safe uniform load, for clear spans less than the minimum clear span shown in the fourth column, exceed the uniform load calculated for the minimum 
clear span listed in the fourth column. 

To solve for live loads for clear spans shown in the fourth column (or lesser clear spans), multiply the live load of the shortest clear span shown in the load tables by [the 
shortest span shown in the load table+ 0.67 feet (204 mm)]2 and divide by [the actual clear span+ 0.67 feet (204 mm)]2 The live load shall not exceed the safe uniform 
load. 
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For SI: 

~ 
r 

L 
r 

L 
I + IOO-f 

(!:!) ("'-)2 (F cyw) I + L r 2500 

L 
I + 100-f 

CHAP. 20, DIV. II 
2012.2-2013.2 

The above fonnulas assume that the entire cross section within the length, Lh, is affected by the 
heat of welding. If only part of the cross section is so affected, the allowable stress based on Lwlr 
shall be substituted for Fw in the fonnula in Section 2002.2. 

2012.3 Welding Fabrication. Welding of aluminum shall be in accordance with approved 
nationally recognized standards. 

SECTION 2013 -TESTING 

2013.1 General. Testing shall be considered an acceptable method for substantiating the design 
of aluminum alloy load-carrying members. Tests shall be conducted by an independent testing lab­
oratory or by a manufacturer's testing laboratory. 

2013.2 Test Loading and Behavior. In order to test a structure or load-carrying member ade­
quately, the loading shall be applied in a fashion that reasonably approximates :he application of the 
loading during service. Further, the structure or member shall be supported in a manner that is no 
more sustaining to the structure than the supports available will be when the structure is in service. 

Detennination of allowable load-carrying capacity shall be made on the basis that the member, 
assembly or connection shall be capable of sustaining during the test without failure a total load, 
including the weight of the test specimen, equal to twice the live load plus one and one-half the dead 
load. Furthermore, harmful local distortions shall not develop during the test at a total load, includ­
ing the weight of the test specimen, equal to the dead load plus one and one-half times the live load. 

The factors by which the design live and dead loads are multiplied to determine the test loads are 
reduced to three fourths of the values given in the preceding paragraph when wind or seismic forces 
represent all or a portion of the live load, provided the structure or member meets the test require­
ments with the full load factors applied to the dead load and to that portion of tbe live load not attrib­
utable to wind or seismic forces. 

Differences that may exist between nominal section properties and those of tested sections shall 
be considered. 
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STANDARD SPECIFICATIONS FOR JOIST GIRDERS 
Adopted by the Steel Joist Institute May 15, 1978 
Revised to November 12, 1991 

SECTION 1000 
SCOPE 

1994 UNIFORM BUILDING CODE 

These specifications cover the design, manufacture and use of Joist Girders. 

SECTION 1 001 
DEFINITION 

The term "Joist Girders" as used herein, refers to open web, load-carrying members utilizing hot­
rolled or cold-formed steel, including cold-formed steel whose yield strength* has been attained by 
cold working. 

The design of joist girder chord or web sections shall be based on a yield strength of at least 
36,000 psi (250 MPa) but not greater than 50,000 psi (345 MPa). Steel used for joist girder chord or 
web sections shall have a minimum yield strength determined in accordance with or1e of the proce­
dures specified in Section 1002.2, which is equal to the yield strength assumed in the design. Joist 
girders shall be designed in accordance with these specifications to support panel point loadings. 

SECTION 1002 
MATERIALS 

1002.1 STEEL 

The steel used in the manufacture of chord and web sections shall conform to one of the following 
ASTM Specifications of latest adoption: 

Standards Specifications and Weight Tables for Joist Girders. 
Copyright 1991, Steel Joist Institute 

• Structural Steel, ASTM A36/A36M. 

• High-Strength Low-Alloy Structural Steel, ASTM A242/A242M. 

• High-Strength Low-Alloy Structural Manganese Vanadium Steel, ASTM AL-41. 

• Hot-Rolled Carbon Steel Sheets and Strip, Structural Quality, ASTM A570/A.570M. 

• High-Strength Low-Alloy Columbium-Vanadium Steel of Structural Quality, ASTM 
A572/A572M Grades 42,45 and 50. 

• High-Strength Low-Alloy Structural Steel with 50,000 psi (345 MPa) Minimum Yield Point to 
4 inches (102 mm) thick, ASTM A588/A588M. 

• Steel Sheet and Strip, Hot-Rolled and Cold-Rolled, High-Strength, Low-Alloy, with 
Improved Corrosion Resistance, ASTM A606. 

• Steel Sheet and Strip, Hot-Rolled and Cold-Rolled, High-Strength, Low-Alloy Columbium 
and/or Vanadium, ASTM A607, Grades 45 and 50. 

• Steel, Cold-Rolled Sheet, Carbon Structural, ASTM A611, Grade D. 

or shall be of suitable quality ordered or produced to other than the listed specifications, provided 
that such material in the state used for final assembly and manufacture is weldable and is proved by 
tests performed by the producer or manufacturer to have the properties specified in Section 1002.2. 

*The term "yield strength'' as used herein shall designate the yield level of a material as determined by the applica­
ble method outlined in paragraph 13-"Yield Strength," or paragraph 12-"Yield Point," of ASTM A370, 
"Mechanical Testing of Steel Products," or as specified in Section I 002.2 of this Specification. 
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1002.2 MECHANICAL PROPERTIES 

CHAP. 22, DIV. Ill 
2219 

The yield strength used as a basis for the design stresses prescribed in Section 1003 shall be at 
least 36,000 psi (250 MPa) but shall be not greater than 50,000 psi (345 MPa). Evidence that the 
steel furnished meets or exceeds the design yield strength shall, if requested, be provided in the form 
of an affidavit or by witnessed or certified test reports. 

For material used without consideration of increase in yield strength resulting from cold forming, 
the specimens shall be taken from as-rolled material. In the case of material the mechanical proper­
ties of which conform to the requirements of one of the listed specifications, test specimens and 
procedure shall conform to those of such specifications and to ASTM A370. 

In the case of material the mechanical properties of which do not conform to the requirements of 
one of the listed specifications, the test specimens and procedure shall confc.rm to the applicable 
requirements of ASTM A370 and the specimens shall exhibit a yield strength equal to or exceeding 
the design yield strength and an elongation of not less than (a) 20 percent in 2 inches (51 mm) for 
sheet and strip or (b) 18 percent in 8 inches (203 mm) for plates, shapes and bars with adjustments 
for thickness for plates, shapes and bars as prescribed in ASTM A36/ A36M, A242/242M, A441, 
A572/A572M and A588/A588M whichever specification is applicable on the basis of design yield 
strength. 

The number of tests shall be the same as prescribed in ASTM A6 for plates, shapes and bars; and 
ASTM A570/A570M, A606, A607 and A611 for sheet and strip. 

If as-formed strength is utilized, the test reports shall show the results of te>ts performed on full 
section specimens in accordance with the provisions of Sections 3.1.1 and 6.3 of the AISI Specifica­
tions for the Design of Cold-Formed Steel Structural Members, and shall indicate compliance with 
these provisions and with the following additional requirements: 

I. The yield strength measured in the tests shall equal or exceed the desi~;n yield strength. 

2. Where tension tests are made for acceptance and control purposes, the tensile strength shall be 
at least 6 percent greater than the yield strength of the section. 

3. Where compression tests are used for acceptance and control purpose~;, the specimen shall 
withstand a gross shortening of 2 percent of its original length without cracking. The length of spec­
imen shall not be greater than 20 times its least radius of gyration. 

4. If any test specimen fails to pass the requirements of subparagraphs 1, 2 or 3 above, as applica­
ble, two retests shall be made of specimens from the same lot. Failure of one o' the retest specimens 
to meet such requirements shall be cause for rejection of the lot represented by the specimens. 

1002.3 WELDING ELECTRODES 

The following electrodes shall be used for arc welding: 

(a) For connected members both having a specified minimum yield strength greater than 36,000 
psi (248 MPa) 

AWS AS.l or A5.5, E70XX 

AWS A5.17, F7X, EXXX flux electrode combination 

AWS A5.18, E70S-X or E70U-1 

AWS A5.20, E70T-X 

(b) For connected members both having a specified minimum yield strengch of 36,000 psi (248 
MPa) or one having a specified minimum yield strength of 36,000 psi (248 MPa) and the other hav­
ing a specified minimum yield strength greater than 36,000 psi (248 MPa) 

AWS AS.l, E60XX 

AWS A5.17, F6X-EXXX flux electrode combination 
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AWS A5.20, E60T-X 

or any of those listed in Section 1002.3 (a). 

1994 UNIFORM BUILDING CODE 

Other welding methods, providing equivalent strength as demonstrated by tests, may be used. 

1002.4 PAINT 

The standard shop is a primer coat intended to protect the steel for only a short period of exposure 
in ordinary atmospheric conditions and shall be considered an impermanent and provisional coat­
ing. 

The Standard shop paint shall conform to one of the following: 

(a) Steel Structures Painting Council Specification 15-68T, Type I (red oxide). 

(b) Federal Specification TT-P-636 (red oxide). 

(c) Or, shall be a shop paint which meets the minimum performance requirements of one of the 
above listed specifications. 

SECTION 1003 
DESIGN AND MANUFACTURE 

1003.1 METHOD 

Joist girders shall be designed in accordance with these specifications as simp!~' supported pri­
mary members. All loads will be applied through steel joists, and will be equal in magnitude and 
evenly spaced along joist girder top chord. Where any applicable design feature is not specifically 
covered herein, the design shall be in accordance with the following specification:; of latest adop­
tion: 

(a) American Institute of Steel Construction Specification for the Design, Fabrication and Erec­
tion of Structural Steel for Buildings, where the material used consists of plates, :;hapes or bars. 

(b) American Iron and Steel Institute Specification for the Design of Cold-fom1ed Steel Struc­
tural Members, for members which are cold-formed from sheet or strip material. 

1003.2 UNIT STRESSES 

Joist girders shall have their components so proportioned that the unit stresse.; in pounds per 
square inch (MPa) shall not exceed the following where Fy is the yield strength defined in Section 
1002.2: 

(a) Tension: 

All Members . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . F1 = 0.6Fy 

(b) Compression: 

For members with llr less than Cc: 

Fa 
[

1 (ljr)2]QF -ZC? y fiiii,_ 

(c
l/cr) 3 where Cc = V QFy and 

(~) - k 

where Q is a form factor equal to unity except when the width-thickness ratio of one or more ele­
ments of the profile exceeds the limits specified in AISC Specification, Section B5 (Allowable 
Stress Design) for hot-rolled sections and in the AISI Specification, Section 3., for cold-formed sec­
tions. For members with 1/r greater than Cc: 
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Fa = 

CHAP. 22, DIV. Ill 
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In the above formula, lis the length center-to-center of panel points, and r is the corresponding 
least radius of gyration of the member or any component thereof, both in in•;hes (mm), and E is 
equal to 29,000,000 psi (200 000 MPa). 

(c) Bending: 

For chords, and for web members other than solid rounds ................. Fb = 0.6 Fy 
For web members of solid round cross section . . . . . . . . . . . . . . . . . . . . . . .. Fb = 0.9 Fy 
For outstanding legs of top chord angles at points of loading . . . . . . . . . . Fb = 0. 75Fy 
For bearing plates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Fb = 0.75Fy 

(d) Weld Stresses: 

Shear at throat of fillet welds: 
Made with E70 series electrodes or F7X-EXXX 
flux -electrode combinations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 ,000 psi (145 MPa) 
Made with E60 series electrodes or F6X-EXXX 
flux-electrode combinations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18,000 psi (124 MPa) 
Tension or compression on groove or butt welds shall be the same as those ~.pecified for the con-

nected material. 

1003.3 MAXIMUM SLENDERNESS RATIOS 

The slenderness ratio, l/r, where lis the length center-to-center of support points and r is the corre-
sponding least radius of gyration, shall not exceed the following: 

Top chord interior panels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90 
Top chord end panels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120 
Compression members other than top chord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 
Tension members . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240 

1003.4 MEMBERS 

(a) Chords 

The bottom chord shall be designed as an axially loaded tension member. The radius of gyration 
of the bottom chord about its vertical axis shall be not less than l/240 where l is the distance between 
lines of bracing. 

The top chord shall be designed as an axially loaded compression member. The radius of gyration 
of the top chord about the vertical axis shall be not less than Span/575. 

The top chord shall be considered as stayed laterally by the steel joists, provided positive attach­
ment is made. 

(b) Web 

The vertical shears to be used in the design of the web members shall be determined from full 
loading but such vertical shear shall be not less than 25 percent of the end rfaction. 

Interior vertical web members used in modified Warren type web systems that do not support the 
direct loads through steel joists shall be designed to resist 2 percent of the tcp chord axial force. 

Tension members shall be designed to resist, in compression, at least 25 percent of their axial 
force. 

(c) Fillers and Ties 

Chord and web members in compression, composed of two components, shall have fillers, ties or 
welds spaced so that the l/r ratio for each component shall not exceed the l/r ratio of the whole mem-
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ber. Chord and web members in tension, composed of two components, shall have fillers, ties or 
welds spaced so that the 1/r ratio of each component shall not exceed 240. The least r shall be used in 
computing the 1/r ratio of a component. 

(d) Eccentricity 
Members connected at a joint shall have their center of gravity lines meet at a point, if practical. 

Eccentricity on either side of the centroid of chord members may be neglected when it does not 
exceed the distance between the centroid and the back of the chord. Otherwise, provision shall be 
made for the stresses due to eccentricity. Ends of Joist Girders shall be proportioned to resist bend­
ing produced by eccentricity at the support. In those cases where a single angle compression mem­
ber is attached to the outside of the stem of a tee or double angle chord, due consideration shall be 
given to eccentricity. 

(e) Extended Ends 

Extended top chords or full depth cantilever ends require the special attention of the specifying 
professional. 

The magnitude and location of the design loads to be supported, the deflection requirements and 
the proper bracing shall be clearly indicated on the structural drawings. 

1003.5 CONNECTIONS 
(a) Methods 

Joint connections and splices shall be made by attaching the members to one another by arc or 
resistance welding or other approved method. 

I) Welded Connections 

(a) Selected welds shall be inspected visually by the manufacturer. Prior to this inspection, weld 
slag shall be removed. 

(b) Cracks are not acceptable and shall be repaired. 

(c) Thorough fusion shall exist between layers of weld metal and between weld metal and base 
metal for the required design length of the weld; such fusion shall be verified by visual inspection. 

(d) Unfilled weld craters shall not be included in the design length of the weld. 

(e) Undercut shall not exceed 1/1 6 inch (2 mm) for welds oriented parallel to the principal stress. 

(f) The sum of surface (piping) porosity diameters shall not exceed 1116 inch (2 mm) in any I inch 
(26 mm) of design weld length. 

(g) Weld spatter that does not interfere with paint coverage is acceptable. 

2) Welding Program. 

Manufacturers shall have a program for establishing weld procedures and operator qualification, 
and for weld sampling and testing. 

3) Weld inspection by Outside Agencies (See Section 1004.9 of these specific2.tions). 

The agency shall arrange for visual inspection to determine that welds meet the acceptance stand­
ards of Section I 003.5 a.l above. Ultrasonic X-ray and magnetic particle testing are inappropriate 
for joists due to the configurations of the components and welds. 

(b) Strength 

Joint connections shall develop the maximum force due to any of the design loads, but not less 
than 50 percent of allowable strength of the member in tension or compression, whichever force is 
the controlling factor in the selection of the member. 

(c) Shop Splices 

Shop splices may occur at any point in the chord or web members. Splices shall be designed for 
the member force but not less than 50 percent of the allowable member strength. Members contain-
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ing a butt weld splice shall develop an ultimate tensile force of at least 57,000 psi (393 MPa) times 
the full design area of the chord or web. The term "member" shall be defined as all component parts, 
comprising the chord or web, at the point of splice. 

(d) Field Splices 

Field splices shall be designed by the manufacturer and may be either bolted or welded. Splices 
shall be designed for the member force, but not less than 50 percent of the allowable member 
strength. 

1003.6 CAMBER 

Joist Girders shall have approximate cambers in accordance with the following: 

TOP CHORD LENGTH 
20' -0" (6096 mm) 
30'-0" (9144 mm) 
40' -0" (12 192 mm) 
50'-0"(15 240 mm) 
60' -0" (18 288 mm) 

1003.7 SHOP PAINTING 

APPROXIMATE CAMBER 
1/4" (7 mm) 

3fs" (10 mm) 
5/s" (16 mm) 

I" (26 mm) 
I 1/2" (38 mm) 

Joist girders and accessories shall receive one shop coat of protective paint a1; specified in Section 
1002.4. 

1003.8 VERIFICATION OF DESIGN AND MANUFACTURE 

(a) Design Calculations 

Companies manufacturing Joist Girders shall submit design data to the Steel Joist Institute (or an 
independent agency approved by the Steel Joist Institute) for verification of :ompliance with the 
SJI Specifications. 

(b) In-Plant Inspections 

Each manufacturer shall verify their ability to manufacture Joist Girders through periodic In­
Plant Inspections. Inspections shall be performed by an independent agency approved by the Steel 
Joist Institute. The frequency, manner of inspection and manner of reporting shall be determined by 
the Steel Joist Institute. The In-Plant Inspections are not a guarantee of the quality of any specific 
Joist Girders; this responsibility lies fully and solely with the individual manufacturer. 

SECTION 1004 
APPLICATION 

1004.1 USAGE 

These specifications shall apply to any type of structure where steel joist~. are to be supported 
directly by Joist Girders installed as hereinafter specified. Where Joist Girders are used other than 
on simple spans under equal concentrated gravity loading, as prescribed in Section I 003.1, they 
shall be investigated and modified if necessary to limit the unit stresses to those listed in Section 
1003.2. The magnitude and location of all loads and forces, other than equal concentrated gravity 
loadings, shall be provided on the structural drawings. The specifying professional shall design the 
supporting structure, including the design of columns, connections and momer1t plates. This design 
shall account for the stresses caused by lateral forces and the stresses due to connecting the bottom 
chord to the column or other support. 

The designed detail of a rigid type connection and moment plates shall be shown on the structural 
drawings. The moment plates shall be furnished by other than the joist manufacturer. 
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The nominal depth of sloping chord Joist Girders shall be the depth at mid-span. 

1004.3 END SUPPORTS 

(a) Masonry and Concrete 
Joist Girders supported by masonry or concrete are to bear on steel bearing pla1es and shall be 

designed as steel bearing. Due consideration of the end reactions and all other vertical or lateral 
forces shall be taken by the specifying professional in the design of the steel bearing plate and the 
masonry or concrete. The ends of the Joist Girders shall extend a distance of not le ;s than 6 inches 
( 152 mm) over the masonry or concrete support and be anchored to the steel bearing plate. The plate 
shall be located not more than 1/z inch (13 mm) from the face of the wall and shall b~ not less than 9 
inches (229 mm) wide perpendicular to the length of the girders. It is to be designee by the specify­
ing professional in compliance with the allowable unit stresses in Section A5.1 (Allowable Stress 
Design) of the A.I.S.C. Specifications of latest adoption. The steel bearing plate shall be furnished 
by other than the joist manufacturer. 

Where it is deemed necessary to bear less than 6 inches (152 mm) over the masonry or concrete 
support, special consideration is to be given to the design of the steel bearing plate <md the masonry 
or concrete by the specifying professional. The girders must bear a minimum of 4 inches (102 mm) 
on the steel bearing plate. 

(b) Steel 
Due consideration of the end reactions and all other vertical and lateral forces shall be taken by 

the specifying professional in the design of the steel support. The ends of Joist Girders shall extend a 
distance of not less than 4 inches (102 mm) over the steel supports and shall have positive attach­
ment to the support, either by bolting or welding. 

1004.4 BRACING 
Joist Girders shall be proportioned such that they can be, erected without bridgi 11g (See Section 

1004.8 for bracing required for uplift forces). Therefore, the following requiremertts must be met: 

(a) The ends of the bottom chord are restrained from lateral movement to brace the girder from 
overturning. 

(b) No other loads shall be placed on the Joist Girder until the steel joists bearing on the girder are 
in place and welded to the girder. 

1004.5 END ANCHORAGE 
(a) Masonry and Concrete 
Ends of Joist Girders resting on steel bearing plates on masonry or structural c:mcrete shall be 

attached thereto with a minimum of two 1/4 inch (6 mm) fillet welds 2 inches (51 mm) long, or with 
two 3/4 inch (20 mm) bolts. 

(b) Steel 

Ends of Joist Girders resting on steel supports shall be attached thereto with a minimum of two 1/4 
inch (6 mm) fillet welds 2 inches (51 mm) long, or with two 3/4 inch (20 mm) bolts, In steel frames, 
Joist Girders at column lines shall be field bolted to the columns to provide lateral stability during 
construction. 

(c) Uplift 

Where uplift forces are a design consideration, roof Joist Girders shall be anchored to resist such 
forces. 

1004.6 DEFLECTION 

The deflection due to the design live load shall not exceed the following: 
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Floors: 
Roofs: 

1/360 of span. 
1/360 of span where a plaster ceiling is attached or suspended. 
1/240 of span for all other cases. 

The Specifying Professional shall give due consideration to the effects of deflection in selection 
of Joist Girders. 

1004.7 PONDING 

Unless a roof surface is provided with sufficient slope toward points of free drainage or adequate 
individual drains to prevent the accumulation of rain water, the roof system shall be investigated to 
assure stability under ponding conditions in accordance with Section K2 (Allowable Stress Design) 
of the AISC Specifications.* 

The ponding investigation shall be performed by the specifying professional. 

1004.8 UPLIFT 

Where uplift forces due to wind are a design requirement, these forces mm t be indicated on the 
contract drawings in terms of net uplift in pounds per square foot (Pa). When these forces are speci­
fied, they must be considered in the design of the Joist Girders and/or bracing. If the ends of the 
bottom chord are not strutted, bracing must be provided near the first bottom chord panel points 
whenever uplift due to wind forces is a design consideration.** 

1004.9 INSPECTION 

Joist Girders shall be inspected by the manufacturer before shipment to insure compliance of 
materials and workmanship with the requirements of these specifications. If the purchaser wishes 
an inspection of the Joist Girders by someone other than the manufacturer's own inspectors, he may 
reserve the right to do so in his "Invitation to Bid" or the accompanying "Job Specifications". 
Arrangements shall be made with the manufacturer for such inspection of the Joist Girders at the 
manufacturing shop by the purchaser's inspectors at purchaser's expense. 

SECTION 1 005*** 
HANDLING AND ERECTION 

Particular attention should be paid to the erection of Joist Girders. 

Care shall be exercised at all times to avoid damage through careless handling during unloading, 
storing and erecting. Dropping of Joist Girders shall not be permitted. 

During the construction period, the contractor shall provide means for the adequate distribution 
of concentrated loads so that the carrying capacity of any Joist Girder is not exceeded. 

Field welding shall not damage the Joist Girder. The total length of weld at any one cross-section 
on cold-formed members whose yield strength has been attained by cold wcrking, and whose as­
formed strength is used in the design, shall not exceed 50 percent of the overa II developed width of 
the cold-formed section. 

*For further reference, refer to Steel Joist Institute Technical Digest #3 "Structural Design of Steel Joist Roofs to 
Resist Ponding Loads". 

**For future reference, refer to Steel Joist Institute Technical Digest #6 "Structural Design of Steel Roofs to Resist 
Uplift Loads". 

***For thorough coverage of this topic, refer to SJJ Technical Digest #9, "Handling and En:ction of Steel Joists and 
Joist Girders" (See page 5). 
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JOIST GIRDERS 
DESIGN GUIDE WEIGHT TABLE FOR JOIST GIRDERS 

Based on Allowable Tensile Stress of 30,000 psi (207 MPa) 
Joist Girder Weight-Pounds Per Linear Foot ( x 14.59 for N/m) 

PANEL PT. 

NO. OF JOIST 
LOAD 

SPAN SPACES x 4.4481or kH 4K 5K 6K 7K 8K 9K 10K 11K 12K 13K 
Depth in Inches 

x 304.81or mm x 25.41or mm 

20 13 13 14 16 17 20 22 23 25 27 
3N@6.67' 24 13 14 14 14 15 17 19 21 22 24 

28 13 14 14 14 15 17 17 17 21 22 
20' 0" 

20 14 14 15 17 18 21 23 24 26 28 
4N@5.0' 24 14 15 15 15 16 18 20 22 23 25 

28 14 15 15 15 16 18 18 18 22 23 

20 17 17 17 18 20 23 24 27 28 30 
22' 0" 4N@5.5' 24 17 17 17 17 18 19 21 23 24 27 

28 17 17 17 17 17 18 19 20 21 24 

20 15 15 17 19 22 24 26 29 32 34 

4N@6.0' 
24 15 15 15 17 19 21 23 25 27 30 
28 15 15 15 16 17 18 21 24 24 26 
32 15 15 15 16 16 19 19 22 22 25 

24' 0" 
20 17 18 18 23 26 28 29 33 39 39 

5N@4.8' 
24 17 17 18 19 20 24 26 29 30 34 
28 17 17 18 18 19 21 24 25 28 29 
32 18 18 18 18 18 19 20 22 25 26 

20 16 16 18 20 22 25 27 31 32 35 

4N@6.25' 
24 15 15 17 17 20 22 24 26 27 30 
28 15 15 15 16 18 20 22 23 26 28 
32 15 15 16 16 17 19 20 22 24 25 

25' 0" 
20 18 18 22 25 27 31 33 36 40 43 ,. '" '" 10 "' 

,. "" ')Q ~? ~d ~7 

I 
5N@5.0' 

I 

~, 

I 
·~ 

I 
·~ 

I 
·-

I 
~· 

I ;~ 
I ;~ lil 

-- I 31 
-· 

28 15 15 17 19 28 33 
32 15 15 16 19 20 22 24 26 28 29 

14K 15K 16K 

29 30 31 
25 25 29 
23 24 24 
31 33 34 
27 28 32 
25 26 26 
33 34 39 
29 29 33 
25 27 28 
36 37 41 
31 33 34 
28 29 31 
25 27 29 
42 45 49 
34 40 40 
31 34 35 
29 31 32 
37 39 42 
32 34 35 
28 31 33 
27 28 29 
45 48 52 
An A1 44 ·- .. .. 

34 38 39 
32 34 34 

17K 18K 19K 

34 36 39 
29 30 32 
26 27 30 

37 38 41 
32 32 34 
28 29 32 
40 43 46 
34 34 40 
29 30 34 

45 46 49 
37 38 40 
33 34 35 
30 31 31 

52 52 56 
43 47 47 
38 41 41 
33 37 37 
44 46 48 
38 40 42 
34 35 37 
31 33 34 
55 57 60 
47 

1 

~n ~~ 

42 44 46 
37 40 42 

20K 

40 
33 
31 
43 
35 
33 
46 
40 
35 
51 
43 
37 
34 
60 
50 
45 
43 
52 
45 
39 
35 
63 
~~ 

48 
44 
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20 16 16 19 22 24 26 29 32 33 

4N@6.5' 
24 15 15 16 19 21 22 25 27 30 
28 15 15 15 17 18 20 23 24 27 
32 15 15 16 16 17 18 20 23 24 

26' 0" 
20 19 19 21 25 28 31 36 39 42 

5N@5.20' 
24 16 16 19 22 26 27 31 32 35 
28 15 15 17 19 21 24 27 29 32 
32 15 15 17 19 20 23 24 28 28 

20 17 17 20 22 25 29 31 34 37 
24 16 16 17 21 22 25 26 29 32 

4N@7.0' 28 15 15 17 17 20 22 24 27 27 
32 15 15 15 17 18 20 22 24 25 
36 16 16 16 16 18 19 20 23 24 

20 20 20 24 27 30 36 39 42 44 
24 18 18 21 23 26 29 32 36 37 

28' 0" 5N@5.6' 28 17 17 19 21 23 26 29 31 33 
32 16 16 17 19 22 24 27 28 30 
36 16 16 16 19 20 23 25 27 28 
20 20 23 26 29 35 38 44 47 51 
24 18 19 23 26 29 33 36 39 42 

6N@4.67' 28 17 18 20 23 27 29 30 34 39 
32 17 18 19 20 24 27 29 31 35 
36 18 18 19 19 22 25 26 30 32 
24 18 19 22 25 28 31 34 37 39 
28 17 17 19 22 26 28 31 32 36 

5N@6.0' 32 17 17 17 21 22 25 28 30 32 
36 16 16 18 20 22 23 27 28 31 
40 16 16 17 18 20 24 24 27 29 

30' 0" 
24 17 20 23 28 32 35 38 41 45 
?R 17 1R 20 24 2? 30 34 39 39 

____ _L@·· 
-- .. . -
32 17 18 19 21 25 28 29 33 35 
36 18 18 19 20 24 26 29 30 32 
40 18 18 19 20 21 25 27 30 32 

(Continued) 

N 

~ 

37 39 42 44 47 
32 33 35 38 40 
28 30 33 33 35 
26 27 28 31 33 
43 48 50 55 58 
38 41 42 46 48 
33 36 38 40 43 
31 33 34 36 38 
39 44 44 47 50 
33 35 38 41 43 
30 33 33 36 37 
27 28 31 33 34 
25 29 29 29 31 

48 52 55 59 62 
41 42 46 49 53 
37 37 40 43 45 
33 34 38 38 41 
31 33 33 36 38 
55 58 64 68 73 
45 52 52 56 59 
40 43 47 50 53 
35 41 41 45 49 
32 37 39 43 44 
42 45 48 52 55 
37 40 43 46 48 
34 37 38 41 43 
33 33 35 39 40 
30 31 34 35 38 
51 52 58 59 65 
4~ 4fi 49 53 56 
40 40 44 48 50 
35 38 42 43 46 
33 36 38 43 44 

50 52 
41 43 
36 38 
34 35 
61 65 
50 53 
45 47 
40 43 
52 55 
44 47 
39 42 
34 37 
33 34 
65 67 
56 58 
47 49 
44 46 
41 42 
76 
63 66 
57 58 
49 52 
47 50 
58 61 
50 54 
45 48 
42 44 
41 42 

60 61 
54 55 
49 49 
45 47 

53 
45 
40 
36 
68 
56 
49 
45 
58 
49 
45 
40 
35 
70 
60 
51 
48 
43 

74 
61 
55 
50 

57 
51 
46 
44 

58 
55 
50 
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b JOIST GIRDERS 
DESIGN GUIDE WEIGHT TABLE FOR JOIST GIRDER5-(Continued) 

"' Based on Allowable Tensile Stress of 30,000 psi (207 MPa) 
Joist Girder Weight-Pounds Per Linear Foot ( x 14.59 for N/m) 

PANEL PT. 

NO. OF JOIST LOAD 
SPAN SPACES 1 4.448 lor kN 4K 5K 6K 7K 8K 9K 10K 11K 12K 13K 14K 

Deplll in Inches 

1304.8 lor mm 1 25.41ormm 

24 20 20 24 25 30 33 36 39 42 45 48 
28 18 18 21 24 26 30 31 36 37 40 43 

5N@6.4' 32 17 17 19 21 24 27 30 32 34 36 37 
36 16 16 18 20 22 26 28 30 33 33 35 
40 16 16 18 19 22 24 26 28 30 32 33 

32' ()" 
24 22 22 26 30 34 37 42 45 48 52 55 
28 20 20 22 26 30 33 37 40 43 46 49 

6N@5.33' 32 19 19 21 24 27 30 33 36 39 42 45 
36 18 18 20 24 26 29 32 34 37 38 40 
40 17 17 19 22 25 28 29 32 35 35 39 
24 20 20 25 29 30 36 39 42 45 48 52 
28 20 20 21 24 28 31 33 37 39 42 46 

5N@6.8' 32 17 17 20 21 26 28 31 34 36 37 42 
36 17 17 19 21 24 26 29 31 32 35 38 
40 16 16 18 20 23 26 27 29 32 33 35 

34' on 
24 24 24 27 31 36 40 43 48 51 55 59 
28 22 22 25 28 32 36 39 42 44 49 52 

6N@5.67' 32 19 19 23 27 29 33 35 37 41 45 46 
36 18 18 21 24 27 30 32 34 38 39 43 
40 18 18 20 23 25 28 31 33 34 37 41 

28 20 20 23 25 29 31 35 38 41 43 47 

5N@7.0' 
32 18 18 20 23 27 29 32 33 37 39 42 
36 17 17 19 21 25 27 30 32 32 37 38 
40 17 17 18 22 22 27 28 30 32 33 35 

35' on 
28 22 22 25 29 32 36 39 44 46 49 52 

6N@5.83' 
32 20 20 23 26 30 33 37 38 41 45 48 
36 19 19 22 25 28 31 34 35 38 41 44 
40 18 18 20 24 26 28 32 34 36 39 40 

15K 16K 17K 18K 

52 55 59 63 
46 49 51 54 
41 43 46 49 
38 39 42 45 
35 39 41 43 

59 63 67 
52 56 60 64 
47 51 53 56 
43 48 50 51 
41 43 46 49 

55 61 64 68 
49 49 52 56 
43 47 49 50 
40 43 45 48 
38 39 41 44 
63 70 74 78 
56 58 62 65 
51 51 56 60 
46 49 51 53 
42 46 49 52 

49 53 57 60 
44 47 49 52 
41 44 46 48 
38 39 42 45 

56 60 64 68 
51 53 57 60 
46 50 53 55 
44 48 50 52 

19K 

67 
57 
52 
47 
44 

67 
58 
55 
51 
71 
60 
54 
50 
47 
84 
68 
63 
56 
54 
62 
54 
50 
47 
74 
63 
58 
54 

20K I 

70 
60 
54 
49 
46 

69 
61 
58 
53 
74 
64 
57 

I 

52 
49 

71 
65 
59 
55 

64 
57 
52 
49 
79 
66 
61 
57 
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28 25 25 29 32 37 42 45 50 
35' 0" 7N@5.0' 

32 22 22 26 30 33 37 42 45 
(cont.) 36 21 21 25 28 31 34 38 41 

40 21 21 23 27 30 33 35 40 
28 22 22 25 30 35 36 41 44 
32 21 21 23 27 32 33 37 40 

6N@6.0' 36 19 19 22 25 28 32 34 38 
40 18 18 21 24 28 29 32 34 
44 19 19 21 23 26 29 31 33 

36'0" 
28 25 25 30 34 39 42 47 50 
32 22 22 26 31 34 39 43 46 

7N@5.14' 36 22 22 25 29 32 35 38 43 
40 21 21 25 28 31 33 37 40 
44 19 19 22 26 29 32 35 38 
28 24 24 28 31 36 39 42 45 
32 21 21 25 28 32 37 38 42 

6N@6.33' 36 20 20 23 27 30 32 36 37 
40 20 20 22 26 28 30 33 35 
44 19 19 21 23 26 28 31 34 

38' 0'' 
28 26 26 31 36 40 45 48 55 
32 24 24 28 32 37 40 44 49 

7N@5.43' 36 22 22 27 30 33 38 41 44 
40 21 21 25 28 32 34 39 42 
44 21 21 28 28 30 34 35 41 
28 25 25 29 32 36 42 45 48 
32 22 22 25 31 33 37 39 43 

6N@6.67' 36 21 21 24 27 32 34 37 40 
40 20 20 22 26 30 32 34 38 
44 19 19 23 25 28 31 34 35 

40' 0" 
28 27 2? 32 3~ "2 ~~~ ~1 F.7 

32 25 25 30 34 37 42 46 49 
7N@5.71' 36 23 23 27 32 35 38 43 47 

40 23 23 26 30 33 36 39 43 
44 21 21 25 29 31 34 37 40 

~ 
(Continued) 

54 58 63 68 
48 51 57 59 65 
45 48 52 55 59 63 
43 45 48 52 54 58 
48 50 55 58 64 67 
43 46 50 51 57 60 
39 42 46 48 52 55 
37 39 42 45 48 51 
35 38 41 41 45 47 

55 59 63 70 78 
50 53 57 61 65 69 
46 49 53 57 59 63 
42 46 50 53 55 59 
41 44 48 50 53 56 

50 55 57 63 65 70 
44 49 50 56 59 62 
41 44 47 51 52 56 
39 42 45 47 49 52 
36 40 41 44 47 49 
58 63 70 71 
53 56 60 64 69 74 
48 51 54 58 62 67 
45 47 53 54 58 61 
41 46 49 51 54 58 
52 55 61 63 68 73 
46 49 55 56 62 66 
44 47 50 51 57 60 
41 44 46 48 52 55 
39 40 43 45 50 51 
n? n7 70 

56 58 64 69 71 75 
51 53 58 61 66 69 
47 50 52 57 59 63 
43 47 50 53 57 60 

61 63 
70 74 
63 66 
57 60 
53 56 
49 52 

72 
66 70 
62 65 
58 61 

65 69 
60 63 
55 58 
52 55 

71 76 
63 68 
61 63 

69 
63 68 
58 60 
53 56 

72 76 
66 71 
63 66 

66 
78 
69 
62 
58 
54 

74 
68 
64 

72 
65 
61 
57 

80 
72 
65 

72 
62 
6o 1 

80 
75 
69 
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b JOIST GIRDERS 
DESIGN GUIDE WEIGHT TABLE FOR JOIST GIRDERs-(Continued) .,.. 

Based on Allowable Tensile Stress of 30,000 psi (207 MPa) 
Joist Girder Weight-Pounds Per Linear Foot ( x 14.59 for N/m) 

PANEL PT. 

NO. OF JOIST 
LOAD 

SPAN SPACES x 4.4481or kN 4K 5K 6K 7K 8K 9K 10K 11K 12K 13K 14K 
Depth in Inches 

x 304.81or mm x 25.41ormm 

28 31 31 36 42 47 51 57 62 70 
32 28 28 32 37 43 46 51 56 60 66 71 

40' 0" 8N@5.0' 36 26 26 30 34 39 43 48 51 56 60 66 (cont.) 
40 24 24 28 33 36 40 44 48 52 56 60 
44 23 23 29 32 36 39 42 45 49 53 55 

32 24 24 28 31 36 39 42 46 49 53 56 
36 21 21 25 29 32 37 37 43 45 48 50 

6N@7.0' 
40 21 21 23 27 30 32 38 38 43 44 48 
44 20 20 23 27 28 32 33 38 39 42 45 
48 19 19 22 24 27 30 34 36 37 40 43 
52 20 20 22 24 27 31 33 35 36 38 41 

32 25 25 30 36 39 44 48 52 56 63 68 
36 25 25 29 33 37 40 43 47 51 57 61 

42' 0" 7N@6.0' 
40 22 22 28 30 33 38 41 44 48 52 55 
44 23 23 26 28 33 36 39 43 46 49 53 
48 21 21 24 29 32 35 37 41 43 47 49 
52 22 22 25 28 31 33 36 38 42 45 48 

32 23 28 33 38 45 48 51 58 62 66 73 
36 21 26 29 34 39 42 46 53 56 60 67 

8N@5.25' 
40 20 24 28 31 35 40 44 47 54 55 61 
44 19 22 26 30 34 36 41 45 49 52 56 
48 19 21 26 30 32 36 39 43 47 51 54 
52 20 21 24 28 31 34 39 42 45 49 52 

' ' --

15K 16K 11K 

68 73 77 
63 67 71 
59 63 67 
62 64 68 
55 57 61 
52 54 56 
48 51 54 
46 48 51 
44 47 50 
71 
65 70 
59 62 67 
56 59 63 
54 55 59 
50 53 57 
77 82 90 
67 75 79 
62 68 69 
60 63 67 
57 61 64 
53 59 59 

18K 19K 

75 79 
70 75 
71 75 
65 69 
58 62 
56 59 
54 56 
52 54 

71 76 
66 70 
62 65 
60 62 
93 98 
86 91 
76 81 
70 78 
65 72 
63 67 

20K 

79 

72 
66 
62 
57 
55 

81 
73 
68 
64 

97 
88 
78 
73 
71 
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32 28 28 32 36 42 45 49 55 61 63 
36 26 26 30 33 37 43 46 50 53 57 

7N@6.29' 
40 24 24 27 32 35 38 44 47 51 54 
44 23 23 27 31 33 38 39 45 47 51 
48 23 23 26 29 32 35 39 41 45 47 
52 22 22 25 29 31 36 37 42 43 46 

32 30 30 36 41 46 50 55 63 68 71 
36 28 28 33 37 42 46 50 57 60 65 

44' 0" 8N@5.5' 
40 27 27 31 34 38 44 48 51 55 60 
44 24 24 29 34 37 41 46 50 53 56 
48 24 24 30 32 36 40 42 47 49 54 
52 24 24 27 31 35 38 42 45 49 51 

32 27 32 38 45 48 54 58 65 72 77 
36 24 29 34 40 46 49 53 60 67 67 

9N@4.89' 
40 21 28 31 35 41 47 50 54 61 65 
44 20 26 30 35 38 42 49 52 56 60 
48 20 25 29 32 37 42 44 51 53 58 
52 21 24 28 32 35 39 45 49 52 55 

32 22 27 31 35 38 44 51 52 58 64 
36 19 24 28 32 38 39 45 45 52 58 
40 19 23 27 29 33 39 40 46 47 53 

7N@6.43' 44 19 20 24 28 30 35 40 41 47 47 
48 18 20 24 25 30 34 36 41 42 48 
52 19 20 22 25 29 31 35 37 42 43 
56 19 20 22 25 27 31 33 36 39 44 

45' 0" 
32 30 30 36 42 46 52 57 63 68 78 
36 29 29 33 37 43 46 51 57 60 65 
40 27 27 32 36 39 44 48 52 58 60 

8N@5.63' 44 25 25 30 33 39 42 46 49 53 56 
48 25 25 30 33 36 41 44 47 51 54 
52 25 25 28 31 36 39 43 45 48 52 
56 24 24 28 32 35 38 41 44 47 51 

(Continued) 
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70 78 78 85 
63 65 71 76 
58 61 66 69 
52 57 59 63 
50 54 57 61 
48 52 56 59 
78 83 
70 72 79 86 
66 68 73 77 
60 64 68 72 
56 62 64 67 
56 58 62 65 

75 79 
69 76 76 81 
63 70 71 77 
61 65 69 72 
59 63 67 67 

65 72 73 86 
59 66 66 74 
53 60 61 67 
53 54 61 61 
49 50 55 56 
49 50 50 56 
45 48 51 51 
78 
72 79 80 
66 71 73 76 
62 66 68 71 
57 62 65 67 
56 59 63 65 
54 58 59 62 

80 86 
73 77 
67 71 
65 67 
62 64 

81 88 
76 80 
70 75 
67 71 

86 
82 
80 81 
74 75 

74 
67 75 
62 68 
62 63 
57 64 
58 58 

82 
76 80 
74 78 
71 74 
67 71 

81 
75 
69 
66 

83 
79 
74 

85 
82 

76 
69 
70 
64 
59 

83 
84 
77 
74 I 
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JOIST GIRDERS 
DESIGN GUIDE WEIGHT TABLE FOR JOIST GIRDER5-(Continued) 

Based on Allowable Tensile Stress of 30,000 psi (207 MPa) 
Joist Girder Weight-Pounds Per Linear Foot ( x 14.59 for N/m) 

PANEL PT. 

NO. OF JOIST 
LOAD 

SPAN SPACES x 4.448for kN 4K 5K 6K 7K 8K 9K 1DK 11K 12K 13K 14K 
Deplh in Inches 

x 304.81or mm x 25.4formm 

32 34 34 41 47 52 58 63 70 78 83 
36 31 31 37 43 48 53 58 64 72 79 80 
40 29 29 34 40 44 49 53 58 64 68 74 

45' ()" 9N@5.0' 44 28 28 34 38 42 48 51 54 60 64 69 (cont.) 
48 28 28 33 36 42 44 50 53 56 62 64 
52 28 28 31 35 39 43 48 51 55 58 63 
56 27 27 32 35 40 43 46 50 53 57 60 

32 29 29 33 39 42 48 52 57 63 68 70 
36 26 26 31 36 40 43 48 53 56 62 64 
40 25 25 29 32 38 41 44 49 51 56 59 

7N@6.57' 44 23 23 28 32 35 39 42 45 49 52 55 
48 23 23 27 30 34 36 40 43 46 49 53 
52 22 22 24 30 33 35 37 41 44 47 51 
56 22 22 25 29 32 35 36 41 43 45 49 

32 31 31 37 42 48 52 57 63 70 78 82 
36 28 28 34 38 43 49 53 57 64 69 72 
40 27 27 32 35 41 44 49 52 58 62 66 

46' on 8N@5.75' 44 26 26 30 34 39 42 48 51 54 59 62 
48 25 25 29 33 36 41 44 48 52 55 59 
52 25 25 30 33 36 39 42 46 50 52 56 
56 25 25 28 32 36 38 43 45 48 52 54 

32 27 33 38 45 51 58 62 68 73 
36 24 30 34 39 45 52 56 60 66 74 79 
40 24 28 33 40 43 47 53 57 61 68 71 

9N@5.11' 44 22 26 30 36 41 44 49 55 59 63 66 
48 21 25 30 33 37 42 47 50 57 57 64 
52 21 23 30 32 36 40 45 48 52 58 59 
56 21 23 28 32 35 40 46 47 52 54 60 

15K 16K 17K 18K 

81 86 
76 79 84 88 
71 76 81 85 
66 72 76 80 
64 68 72 75 
78 82 
69 75 80 84 
63 69 73 77 
59 65 68 72 
56 60 63 66 
55 56 59 62 
53 55 58 60 

79 84 
71 73 79 86 
67 72 77 82 
63 67 71 74 
59 63 67 70 
58 61 63 66 

76 80 
70 77 78 82 
65 71 72 80 
66 66 73 74 
61 65 69 72 

19K 20K 

88 
85 89 
80 84 

79 81 
76 79 
69 73 
66 69 
63 66 

84 87 
79 84 
75 79 
70 74 

84 
81 81 
75 76 
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32 30 30 35 40 45 48 55 61 
36 28 28 31 37 41 46 49 54 
40 25 25 30 33 38 42 47 50 

7N@6.86' 
44 25 25 29 33 37 39 43 47 
48 23 23 27 31 34 38 41 45 
52 23 23 27 30 33 37 39 43 
56 23 23 25 29 33 35 38 42 
60 22 22 25 30 32 35 36 39 

32 32 32 39 44 48 55 61 68 
36 30 30 36 40 45 49 56 60 
40 28 28 33 38 42 47 51 54 

48' 0" 8N@6.0' 
44 27 27 32 35 39 45 49 52 
48 26 26 30 34 37 41 47 50 
52 26 26 30 33 36 42 44 48 
56 25 25 28 33 36 39 43 46 
60 24 24 29 33 35 37 41 45 

32 36 36 44 48 55 62 69 77 
36 32 32 40 45 50 56 64 69 
40 31 31 38 41 47 52 57 62 

9N@5.33' 
44 30 30 35 39 45 49 54 59 
48 30 30 34 37 42 47 51 55 
52 28 28 33 37 42 45 49 53 
56 28 28 32 36 40 44 48 52 
60 27 27 33 36 39 42 46 50 

32 34 34 39 45 51 57 62 69 
36 31 31 37 43 46 52 56 63 
40 29 29 34 38 43 47 54 57 

50' 0" 8N@6.25' 
44 27 27 33 37 41 45 49 53 
48 27 27 31 35 40 43 46 51 
52 26 26 29 35 38 41 44 49 

I I I 
56 I 25 I 25 I 30 I 33 I 36 I 41 I 43 I 48 
60 25 25 29 33 37 39 44 47 

(Continued) 
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66 70 77 78 
59 64 68 71 79 85 
53 57 63 65 70 75 
51 54 58 62 66 70 
49 51 53 58 60 64 
46 50 52 54 59 62 
44 48 51 54 56 60 
44 46 49 50 55 58 

70 78 
64 71 78 79 
59 65 70 72 80 
55 59 65 67 74 78 
53 56 60 65 68 72 
51 55 59 62 65 68 
49 53 57 60 63 66 
48 51 55 58 59 64 

82 
72 79 
67 73 80 85 
63 67 75 82 83 
60 63 69 74 77 81 
57 63 65 71 73 80 
56 59 63 67 73 77 
54 57 60 65 69 73 

77 82 
68 71 78 83 91 
63 65 72 79 80 
58 62 66 71 74 78 
54 59 64 68 72 77 
54 56 61 64 67 71 

I 51 l 56 
50 52 I ~~ I ~~ I ~~ I ~~ 

80 
74 79 
68 72 
65 69 
63 67 
61 62 

82 
76 80 
71 76 
69 74 
68 72 

85 
86 89 
81 85 
76 80 

82 88 
83 85 
75 80 

I ~~ I ~~ 

81 
75 
72 
69 
84 

84 
80 
78 
75 

92 
89 
84 

88 
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b JOIST GIRDERS 
DESIGN GUIDE WEIGHT TABLE FOR JOIST GIRDER5-(Continued) 

CXI 
Based on Allowable Tensile Stress of 30,000 psi (207 MPa) 
Joist Girder Weight-Pounds Per Linear Foot ( x 14.59 for N/m) 

PANEL PT. 

NO. OF JOIST 
LOAD 

SPAN SPACES x 4.448 for kN 4K 5K 6K 7K 8K 9K 10K 11K 12K 13K 14K 
Depth in Inches 

x 304.8 for mm x 25.4formm 

32 38 38 44 51 57 62 69 78 
36 34 34 40 46 52 58 63 71 78 83 
40 32 32 38 44 49 54 59 65 70 80 80 

9N@5.56' 
44 31 31 35 41 45 52 55 61 66 72 74 
48 29 29 34 40 43 48 54 57 61 68 70 
52 30 30 33 37 42 47 50 55 58 63 68 
56 28 28 33 37 40 46 49 53 57 60 64 

50'()" 60 28 28 32 37 40 45 47 51 55 59 62 
(cont.) 32 44 44 51 61 68 76 

36 42 42 47 55 62 68 77 80 
40 37 37 44 49 56 63 69 79 81 

10N@5.0' 
44 35 35 41 46 52 57 65 70 75 82 
48 34 34 39 44 50 55 60 66 72 76 83 
52 33 33 37 43 48 52 56 61 68 73 75 
56 33 33 37 41 46 49 54 58 64 69 74 
60 33 33 35 39 46 47 53 56 62 65 70 

36 32 32 37 42 49 54 59 63 70 
40 30 30 35 40 45 50 55 60 64 69 76 
44 29 29 33 38 42 47 51 54 58 64 71 

52' 0" 8N@6.5' 48 28 28 32 36 40 45 49 52 56 60 66 
52 26 26 31 34 39 43 47 50 53 57 61 
56 26 26 30 35 37 42 45 48 52 55 59 
60 25 25 30 34 36 39 44 46 49 53 57 

----

15K 16K 17K 18K 

82 86 92 97 
76 83 86 89 
71 78 82 86 
68 72 77 81 
66 70 75 80 

85 
82 86 92 
76 83 89 95 
76 77 83 88 

73 81 
67 72 77 82 
67 69 73 76 
62 66 71 76 
60 64 68 72 

19K 20K 

95 
93 
85 89 
84 88 

98 100 
95 102 

80 84 
80 84 
75 78 
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36 37 37 43 49 55 59 68 71 
40 33 33 38 43 50 56 61 65 72 
44 32 32 37 41 46 52 58 62 66 

9N@5.78' 48 31 31 35 40 46 50 53 60 63 
52 30 30 35 38 44 48 51 55 61 
56 29 29 34 38 43 46 51 53 57 

52' 0" 60 28 28 32 37 41 45 50 52 57 
(cont.) 36 30 38 45 51 58 65 72 77 84 

40 29 34 40 46 52 59 66 74 75 
44 27 31 37 43 47 54 61 65 69 

10N@5.2' 48 26 31 38 41 48 51 56 63 67 
52 25 30 33 40 43 50 53 57 65 
56 24 28 33 38 44 48 52 58 60 
60 23 28 33 36 40 46 53 55 61 

36 33 33 39 45 49 56 61 68 75 
40 31 31 37 41 46 50 57 62 67 
44 29 29 34 38 44 48 51 57 63 

8N@6.75' 
48 28 28 33 38 42 45 50 53 58 
52 27 27 31 35 40 43 47 51 56 
56 27 27 30 35 38 42 46 50 54 
60 25 25 31 34 36 41 45 49 52 
64 27 27 31 35 37 40 44 47 50 

54' 0" 
36 37 37 42 49 55 63 70 78 82 
40 34 34 40 46 51 57 64 69 79 
44 32 32 38 44 48 54 58 65 70 

9N@6.0' 
48 31 31 35 42 46 52 56 59 67 
52 29 29 34 40 43 49 54 57 61 
56 30 30 35 38 42 48 51 55 59 
60 29 29 34 37 43 46 50 53 57 
6-1 29 29 34 38 41 45 48 51 55 

(Continued) 

..., 
b 
<P 

73 81 
68 73 76 
65 69 75 77 82 
63 67 72 77 81 
61 65 67 73 77 

92 
87 92 99 
76 80 87 98 
70 77 83 93 102 
68 72 80 80 93 
66 70 74 82 82 
65 69 72 76 83 

78 
71 79 80 
65 71 77 81 
63 67 72 74 78 
60 64 68 73 77 
58 62 65 67 71 
56 59 63 65 69 
54 57 61 65 68 

91 
79 92 
73 81 86 
72 75 82 83 
67 70 76 84 86 
63 68 71 78 82 
60 64 70 73 77 
5<:l flfl 66 73 76 

87 90 
81 85 

101 
86 94 
84 90 

82 
81 82 
75 80 
72 76 
71 75 

89 
86 93 
81 85 
80 85 

92 
90 

101 

84 
85 
80 
79 
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JOIST GIRDERS 
DESIGN GUIDE WEIGHT TABLE FOR JOIST GIRDER5-(Continued) 

Based on Allowable Tensile Stress of 30,000 psi {207 MPa) 
Joist Girder Weight-Pounds Per Linear Foot { x 14.59 for N/m) 

PANEL PT. 
NO. OF JOIST LOAD 

SPAN SPACES 1 4.4481or kN 4K 5K 6K 7K BK 9K 10K 11K 12K 13K 14K 
Deplh in Inches 

1 304.81or mm 1 25.41or mm 

36 45 45 51 58 67 76 80 
40 40 40 47 53 61 68 77 80 
44 40 40 44 50 56 62 70 78 82 

54' 0" 10N@5.4' 48 34 34 41 47 54 57 65 71 78 83 
(cont.) 52 35 35 42 45 50 56 60 67 72 74 81 

56 34 34 39 44 48 53 57 63 68 74 76 
60 34 34 37 44 46 50 56 61 64 72 75 
64 34 34 38 40 46 50 55 60 63 66 74 
36 34 34 40 45 51 56 63 68 78 78 
40 31 31 37 43 46 53 56 62 69 71 79 
44 31 31 34 40 44 49 54 57 63 69 73 
48 28 28 33 38 42 45 50 55 59 65 67 

8N@6.88' 52 27 27 32 36 40 44 49 53 56 60 66 
56 26 26 32 35 39 43 47 51 54 57 61 
60 25 25 31 35 37 42 46 49 52 56 60 
64 26 26 31 35 37 40 44 48 50 54 57 
68 27 27 31 34 37 40 44 48 51 53 57 

55' 0" 
36 37 37 44 50 55 63 78 70 
40 34 34 40 46 53 59 64 71 79 84 
44 32 32 38 44 49 54 60 65 70 80 81 
48 32 32 36 42 45 52 56 61 67 72 75 

9N@6.11' 52 31 31 35 41 45 50 54 58 63 69 73 
56 30 30 35 38 42 48 51 55 I>? hJ 71) 

60 30 30 35 38 43 46 50 53 

58 J " 
66 

64 29 29 34 38 41 45 50 53 58 62 66 
68 29 29 34 37 41 46 49 52 56 60 63 

15K 16K 17K 18K 

85 
82 86 
77 84 
76 78 84 89 

84 
80 80 
72 78 80 82 
68 72 78 83 
65 69 73 77 
62 67 71 74 
61 65 68 71 
59 63 67 70 

82 87 
76 84 
75 78 82 86 
72 78 81 87 
68 74 78 82 
67 72 75 77 

19K 20K 

81 85 
78 81 
75 79 
73 75 

90 93 
87 91 
82 86 
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36 45 45 51 60 67 76 88 
40 41 41 48 55 63 68 77 
44 40 40 46 50 56 64 70 
48 37 37 43 47 54 59 65 

10N@5.5' 52 35 35 41 46 51 56 62 
56 36 36 39 45 48 53 59 
60 35 35 37 44 47 52 57 
64 34 34 37 40 47 51 55 

55'()" 68 35 35 37 38 47 49 53 
(cont.) 36 46 46 54 65 71 80 

40 45 45 50 58 68 73 81 
44 41 41 47 53 60 70 74 
48 38 38 44 51 58 65 71 

11N@5.0' 52 37 37 42 48 56 59 67 
56 36 36 43 46 51 57 63 
60 36 36 40 46 50 55 61 
64 35 35 39 46 48 54 60 
68 35 35 39 44 48 53 58 

36 35 35 40 45 52 56 63 
40 31 31 37 43 48 53 56 
44 31 31 35 41 44 50 54 
48 30 30 33 39 43 48 52 

8N@7.0' 52 28 28 32 36 40 46 49 
56 27 27 32 35 39 44 47 
60 26 26 31 35 38 42 46 
64 26 26 31 35 37 42 44 
68 27 27 32 34 38 41 45 

56' 0" 
36 39 39 45 52 57 63 70 
40 36 36 43 46 53 60 64 
11 33 33 38 44 51 54 61 
48 32 32 38 42 47 52 59 

9N@6.22' 52 31 31 36 41 46 50 53 
56 30 30 35 40 44 48 51 
60 30 30 34 38 43 46 51 
64 31 31 34 38 41 45 50 

N 68 29 29 34 38 41 46 48 

t ... (Continued) 

81 
79 82 
71 80 83 
70 72 80 84 
63 71 74 82 86 
61 67 73 75 84 
60 64 68 74 77 
58 64 67 71 77 

82 
80 82 
72 81 84 
69 74 82 86 
65 73 77 84 87 
63 71 76 78 85 
63 67 73 78 80 
70 78 78 
64 69 76 79 
57 63 70 73 80 
56 59 65 70 74 
53 58 60 66 68 
51 54 59 61 67 
48 52 56 60 63 
48 51 55 57 62 
47 51 55 57 59 
78 
71 79 83 
65 ?2 80 81 
62 67 72 81 82 
60 64 68 73 76 
56 62 65 70 75 
56 59 64 67 72 
54 58 61 66 69 
52 56 60 63 67 

88 
87 
85 87 89 
78 84 89 

88 
89 
88 

81 
78 
73 78 83 
69 73 77 
69 72 75 
65 69 72 
64 68 72 

83 
78 82 86 
77 81 87 
74 78 82 
72 77 82 

81 85 
80 84 
76 79 
75 79 

90 93 
87 91 
86 89 
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JOIST GIRDERS 
DESIGN GUIDE WEIGHT TABLE FOR JOIST GIRDERS-(Continued) 

Based on Allowable Tensile Stress of 30,000 psi (207 MPa) 
Joist Girder Weight-Pounds Per Linear Foot ( x 14.59 for N/m) 

PANEL PT. 

NO. OF JOIST 
LOAD 

SPAN SPACES x 4.4411or liN 4K 5K 6K 7K 8K 9K 10K 11K 12K 13K 14K 
Depth in Inches 

x 304.81or mm x 25.4formm 

36 45 45 52 60 68 76 88 
40 42 42 48 55 63 68 77 89 
44 40 40 46 53 58 67 70 79 82 
48 37 37 43 48 54 60 69 72 80 83 

10N@5.6' 52 35 35 42 47 51 58 64 69 74 81 84 

56 36 36 39 45 48 55 59 65 71 75 82 

60 35 35 37 44 47 54 57 63 67 75 76 
64 35 35 38 42 47 51 55 61 65 70 76 

68 35 35 38 41 47 50 53 60 63 67 72 
56' 0" 

36 35 47 53 60 67 74 
40 34 41 48 54 61 68 76 
44 31 39 45 52 59 63 70 77 82 
48 31 37 43 50 56 61 65 72 79 84 

11N@5.1' 52 30 35 42 48 52 58 66 70 74 81 86 
56 29 34 40 46 53 56 61 68 72 75 83 

60 29 34 38 44 48 55 62 63 70 74 78 
64 28 34 38 43 49 54 58 64 68 72 79 
68 27 33 39 43 47 52 59 62 66 70 74 

36 39 39 45 53 61 67 77 82 
40 37 37 43 49 56 62 68 75 79 
44 34 34 41 45 51 57 63 70 72 80 
48 32 32 38 43 48 53 58 64 71 74 81 

sa· o·· 9i~~6.44" 
52 32 32 36 42 46 52 56 60 66 72 75 
56 30 30 35 41 44 49 54 58 62 67 73 

60 31 31 35 39 43 48 52 55 61 63 69 

64 31 31 36 38 44 47 50 53 58 62 67 

68 32 32 34 38 42 45 49 53 59 62 66 

72 31 31 35 39 42 47 49 53 57 61 64 

15K 16K 17K 

86 
83 87 
78 85 
78 79 85 

88 
85 89 
80 87 89 
82 83 90 

86 
83 83 
77 85 92 
75 79 83 
71 76 82 
68 73 77 
68 73 76 

18K 19K 

90 

91 96 

87 94 
87 89 
81 86 
78 82 

20K 

90 
91 
86 
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36 48 48 55 65 69 79 
40 44 44 50 57 66 70 80 
44 40 40 46 53 61 69 75 
48 39 39 45 50 57 63 70 

10N@5.8' 
52 37 37 43 47 53 59 66 
56 36 36 42 46 52 56 61 
60 37 37 40 45 48 53 60 
64 36 36 37 44 48 50 59 
68 36 36 38 40 48 51 56 
72 35 35 38 40 47 50 54 

58' 0" 
36 41 47 54 61 68 79 
40 36 42 49 58 65 72 80 
44 33 42 49 56 63 67 77 
48 33 38 44 50 57 64 71 

11N@5.27' 
52 32 38 45 48 55 59 66 
56 30 35 41 46 54 60 65 
60 30 36 40 47 51 56 63 
64 30 36 39 44 50 57 60 
68 29 34 39 45 51 56 60 
72 29 35 39 45 49 54 61 
40 38 40 44 49 56 62 68 
44 38 38 42 47 53 57 64 
48 37 38 39 45 50 55 60 
52 36 37 38 44 47 50 54 

60' 0" 9N@6.67' 56 36 36 36 42 46 49 54 
60 35 35 36 40 45 49 54 
64 35 35 35 37 43 47 51 
68 34 34 34 37 43 47 50 
72 33 33 34 38 43 46 50 

(Contlnued) 

~ 

81 
77 82 
71 78 81 
70 73 80 82 88 
64 72 74 81 83 
62 67 73 76 82 
61 64 68 75 77 
60 64 66 72 77 

78 
79 80 
74 81 81 
69 76 82 84 
66 71 77 85 86 
64 72 73 79 87 
65 67 74 78 82 
62 68 73 77 80 

75 80 
70 80 80 
65 71 78 81 
61 63 69 73 77 
58 63 68 70 76 
58 62 68 70 76 
52 59 60 65 67 
53 58 59 65 68 
53 58_~0 65 68 

89 
85 93 
84 87 89 
79 84 89 

91 
88 93 
89 91 96 
85 92 93 

78 82 
78 78 87 
73 73 81 
73 75 81 
74 78 82 

94 

' 

98 

I 

82 
83 93 
88 93 
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JOIST GIRDERS 
DESIGN GUIDE WEIGHT TABLE FOR JOIST GIRDERs-(Continued) 

Based on Allowable Tensile Stress of 30,000 psi (207 MPa) 
Joist Girder Weight-Pounds Per Linear Foot ( x 14.59 for N/m) 

PANEL PT. 

NO. OF JOIST 
LOAD 

SPAN SPACES 1 4.4481or kN 4K 5K 6K 7K BK 9K 10K 11K 12K 13K 14K 
Deplll in Inches 

1 304.8 lor mm 1 25.41ormm 

40 32 42 49 55 62 69 78 
44 31 41 49 55 61 69 78 82 94 96 
48 30 37 45 52 58 68 70 80 82 95 97 
52 29 35 42 48 52 58 65 72 75 80 87 

10N@6.0' 56 28 34 42 47 50 57 64 67 74 78 85 
60 28 33 41 46 49 55 62 66 72 76 83 
64 25 32 39 43 48 52 58 64 66 74 78 
68 24 30 39 42 48 51 58 63 65 72 77 
72 24 38 39 41 48 51 57 61 64 70 76 

40 33 42 51 58 65 73 77 
44 33 40 46 53 60 67 74 79 
48 30 36 44 48 55 62 69 76 81 
52 30 35 42 48 55 59 65 71 78 82 

60' 0'' 11N@5.45' 56 29 34 40 46 51 57 65 66 73 79 85 
60 28 33 39 45 51 55 60 66 71 76 82 
64 28 33 39 45 47 55 60 64 69 76 78 
68 28 33 37 42 48 55 56 62 67 71 78 
72 28 32 38 42 49 51 58 61 65 72 73 

40 39 47 53 64 73 81 
44 38 47 53 64 70 81 93 94 
48 37 43 51 58 66 74 82 94 96 
52 32 39 46 52 57 64 71 79 84 

12N@5.0' 56 31 38 44 52 57 62 68 75 83 86 
60 31 38 44 52 57 62 68 75 83 86 99 
64 30 35 40 47 54 58 65 70 77 78 85 
68 30 35 41 48 53 57 64 68 73 80 87 
72 30 37 41 48 53 58 62 66 73 79 84 

15K 16K 17K 

92 
89 96 
87 95 
80 85 85 
76 83 84 
78 80 84 

86 
84 89 
79 87 91 
81 82 89 

91 
89 93 
91 92 

18K 19K 

90 90 
90 90 

94 

20K 
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Division IV-DESIGN STANDARD FOR STRUCTURAL .IOINTS 
USING HIGH-STRENGTH BOLTS 

Based on the Allowable Stress Design Specification for Structural Joints Using 
ASTM A 325 or A 490 Bolts 

Approved by the Research Council on Structural Connections of the Engineering 
Foundation, November 18, 1985, and endorsed by American Institute of Steel 

Construction and by Industrial Fasteners Institute 

SECTION 2220 - SCOPE 

This division relates to the allowable stress design for strength and slip resistan;e of structural joints 
using A 325 high-strength bolts, A 490 heat-treated high-strength bolts or equivalent fasteners, and 
for the installation of such bolts in connections of structural steel members. The division relates 
only to those aspects of the connected materials that bear upon the performance of the fasteners. 

Construction shall conform to applicable requirements of this code except a; otherwise provided 
herein. 

SECTION 2221 - BOLTS, NUTS, WASHERS AND PAINT 

2221.1 Bolt Specifications. Bolts shall conform to the requirements of U.B.C. Standard 22-1 ex­
cept as provided in Section 2221.4. The designer shall specify the type of be Its to be used. 

2221.2 Bolt Geometry. Bolt dimensions shall conform to Table 22-IV-F, except as provided in 
Section 2221.4. The length of bolts shall be such that the end of the bolt will be flush with or outside 
the face of the nut. 

2221.3 Nut Specifications. Nuts shall conform to the chemical and mechaflical requirements of 
Tables 22-IV-G, 22-IV-H and 22-IV-1. The grade and surface finish of nuts for each bolt type shall 
be as follows: 

A 325 Bolt Type 

I and 2, plain (uncoated) 
I and 2, galvanized 
3 plain 

A 490 Bolt Type 

I and 2, plain 
3 plain 

Nut Specifications, Grade and Finish 

C, C3, D, DH and DH3 or 2 and 2H; plain 
DH or 2H; galvanized 
C3 and DH3 

Nut Specifications, Grade and Finish 

DH and DH3 or 2H; plain 
DH3 

Nut dimensions shall conform to the requirements of Table 22-IV-J except a> provided in Section 
2221.4. 

2221.4 Alternate Fastener Designs. Other fasteners or fastener assemblies which meet the mate­
rials, manufacturing, chemical composition and mechanical property requirements of A 325 or 
A 490 high-strength bolts and which have a body diameter and bearing areas under the head and nut 
not less than those provided by a bolt and nut of the same nominal dimensior.s prescribed by Sec­
tions 2221.2 and 2221.3, may be used. Such alternate fasteners may differ in ol her dimensions from 
those of the specified bolts and nuts. Their installation procedure and inspection may differ from 
procedures specified for regular high-strength bolts in Sections 2227 and 2228. When a different 
installation procedure or inspection is used, it shall be detailed in a supplemental specification ap­
plying to the alternate fastener and that specification must be approved by the engineer responsible 
for the design of the structure. 

2221.5 Washers. Flat circular washers and square or rectangular beveled washers shall conform 
to the requirements of Tables 22-IV-K, 22-IV-L, 22-IV-M and 22-IV-N. 
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2221.6 Load-indicating Devices. Load-indicating devices may be used in conjunction with 
bolts, nuts and washers specified in Section 2221.1 through 2221.3, provided they satisfy there­
quirements of Section 2227.4.4. Their installation procedure and inspection shall be detailed in 
supplemental specifications provided by the manufacturer and subject to the approval of the engi­
neer responsible for the design of the structure. 

2221.7 Faying Surface Coatings. Paint, if used on faying surfaces of connections which are not 
specified to be slip critical, may be of any formulation. Paint, used on the faying surfaces of connec­
tions specified to be slip critical, shall be qualified by approved test methods to determine the slip 
coefficient for coatings used in bolted joints. 

SECTION 2222- BOLTED PARTS 

2222.1 Connected Material. All material within the grip of the bolt shall be steel. There shall be 
no compressible material such as gaskets or insulation within the grip. Bolted steel parts shall fit 
solidly together after the bolts are tightened and may be coated or noncoated. The :;lope of the sur­
faces of parts in contact with the bolt head or nut shall not exceed 1 :20 with respect to a plane normal 
to the bolt axis. 

2222.2 Surface Conditions. When assembled, all joint surfaces, including surfaces adjacent to 
the bolt head and nut, shall be free of scale, except tight mill scale, and shall be free of dirt or other 
foreign material. Burrs that would prevent solid seating of the connected parts in thf: snug tight con­
dition shall be removed. 

Paint is permitted on the faying surfaces unconditionally in connections, except in slip-critical 
connections as defined in Section 2224.1. 

The faying surfaces of slip-critical connections shall meet the requirements cf the following 
paragraphs, as applicable. 

I. In non coated joints, paint, including any inadvertent overspray, shall be exc!Jded from areas 
closer than one bolt diameter but not less than I inch from the edge of any hole and all areas within 
bolt pattern. 

2. Joints specified to have painted faying surfaces shall be blast cleaned and coated with a paint 
which has been qualified as Class A orB in accordance with the requirements of Section 2221.7, 
except as provided in Section 2222.2, Item 3. 

3. Subject to the approval of the building official, coatings providing a slip coefficient less than 
0.33 may be used, provided the mean slip coefficient is established by test in accordance with the 
requirements of Section 2221.7 and the allowable slip load per unit area established. The allowable 
slip load per unit shall be taken as equal to the allowable slip load per unit area from Table 22-IV-C 
for Class A coatings as appropriate for the hole type and bolt type times the slip coefficient deter­
mined by test divided by 0.33. 

4. Coated joints shall not be assembled before the coatings have cured for the minimum time 
used in the qualifying test. 

5. Galvanized faying surfaces shall be hot dip galvanized in accordance with Tal>le 22-IV-0 and 
shall be roughened by means of hand wire brushing. Power wire brushing is not permitted. 

2222.3 Hole Types. Hole types recognized under this specification are standard holes, oversize 
holes, short slotted holes and long slotted holes. The nominal dimensions for each type hole shall 
not be greater than those shown in Table 22-IV-A. Holes shall not be more than 1 /~2 inch (0.8 mm) 
larger in diameter than the true decimal equivalent of the nominal diameter. The slightly conical 
hole that naturally results from punching operations is considered acceptable. The width of slotted 
holes which are produced by flame cutting or a combination of drilling or punching and flame cut­
ting shall generally not be more than 11J2 inch (0.8 mm) greater than the nominal ~idth, except that 
gouges not more than 1/16 inch (1.6 mm) deep shall be permitted. For statically loaded connections, 
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the flame-cut surface need not be ground. For dynamically loaded connections, the flame-cut sur­
face shall be ground smooth. 

SECTION 2223- DESIGN FOR STRENGTH OF BOLTED CONNECTIONS 

2223.1 Allowable Strength. The allowable working stress in shear and bearing, independent of 
the method of tightening, for A 325 and A 490 bolts shall be as set forth in Table 22-IV-B. The allow­
able working stress in axial tension for A 325 and A 490 bolts which are tightened to the minimum 
fastener tension shall be in accordance with Table 22-IV-D. The allowable working stresses in 
Table 22-IV-B are to be used in conjunction with the cross-sectional area of the bolt corresponding 
to the nominal diameter. 

2223.2 Bearing Force. The computed bearing force shall be assumed to b~ distributed over an 
area equal to the nominal bolt diameter times the thickness of the connected part. 

A value of allowable bearing pressure on the connected material at a bolt greater than permitted 
by Table 22-IV-B may be justified, provided deformation around the bolt hole is not a design con­
sideration and adequate pitch and end distance L is provided according to: 

WHERE: 
d bolt diameter. 

Fp = allowable bearing pressure at a bolt. 

Fu = specified minimum tensile strength of connected part. 

2223.3 Prying Action. The force in bolts required to support loads by means of direct tension 
shall be calculated considering the effects of the external load and any tension resulting from prying 
action produced by deformation of the connected parts. 

2223.4 Tensile Fatigue. When subject to tensile fatigue loading, the tensile stress in the bolt due 
to the combined applied load and prying forces shall not exceed the following values, depending 
upon the bolt grade and number of cycles, and the prying force shall not exceed 60 percent of the 
externally applied load. 

Number of Cycles 

Not more than 20,000 

From 20,000 to 500,000 

More than 500,000 

Bolts shall be tensioned to requirements of Table 22-IV-D. 

A325 A490 
x 6.891 for MPa 

44 54 

40 

31 

49 

38 

SECTION 2224 - DESIGN CHECK FOR SLIP RESISTANCE 

2224.1 Slip-critical Joints. Slip-critical joints are defined as joints in which slip would be detri­
mental to the serviceability of the structure. They include: 

1. Joints subject to fatigue loading. 

2. Joints with bolts installed in oversized holes. 

3. Except where the engineer intends otherwise and so indicates in the plans or specifications, 
joints with bolts installed in slotted holes where the force on the joint is in a direction other than 
normal (between approximately 80 and 100 degrees) to the axis of the slot. 

4. Joints subject to significant load reversal. 
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5. Joints in which welds and bolts are in transmitting load at a common faying surface. 

6. Joints in which any slip would be critical to the performance of the joint or the structure and so 
designated on the contract plans and specifications. 

2224.2 Allowable Slip Load. In addition to the requirements of Section 2223, the force on a 
slip-critical joint shall not exceed the allowable resistance Ps of the connection according to: 

WHERE: 
area corresponding to the nominal body area of the bolt. 
allowable slip load per unit area of bolt from Table 22-IV-C. 
number of bolts in the joint. 

N.,· number of slip planes. 
Class A, B or C surface conditions of the bolted parts as defined in Table 22-IV-C shall be used in 

joints designated as slip-critical except as permitted in Section 2222.2, Item 3. 

SECTION 2225- INCREASE IN ALLOWABLE STRESSES 

When an increase in working stress for loads in combination with wind or seism.c forces is per­
mitted, increases in working stresses may be applied with wind or seismic forces. The increases in 
working stresses may be applied to the allowable stresses in Sections 2223 and 2224. When the ef­
fect of loads in combination with wind or seismic forces are accounted for by reduction in the load 
factors, the allowable stresses in Sections 2223 and 2224 shall not be increased. 

SECTION 2226- DESIGN DETAILS OF BOLTED CONNECTIONS 

2226.1 Standard Holes. In the absence of approval by the engineer for use of other hole types, 
standard holes shall be used in high-strength bolted connections. 

2226.2 Oversize and Slotted Holes. When approved by the building official, oversize, 
short-slotted holes or long-slotted holes maybe used, subject to the following joint detail require­
ments: 

1. Oversize holes may be used in all plies of connections in which the allowable !;lip resistance of 
the connection is greater than the applied load. 

2. Short-slotted holes may be used in any or all plies of connections designed on the basis of al­
lowable stress on the fasteners in Table 22-IV-B, provided the load is applied approximately normal 
(between 80 and 100 degrees) to the axis of the slot. Short-slotted holes may be used without regard 
for the direction of applied load in any or all plies of connections in which the allowable slip resis­
tance is greater than the applied force. 

3. Long-slotted holes may be used in one of the connected parts at any individual faying surface 
in connections designed on the basis of allowable stress on the fasteners in Table 22-IV-B, provided 
the load is applied approximately normal (between 80 and 100 degrees) to the axis of the slot. 
Long-slotted holes may be used in one of the connected parts at any individual fayi11g surface with­
out regard for the direction of applied load on connections in which the allowable !;lip resistance is 
greater than the applied force. 

4. Fully inserted finger shims between the faying surfaces of load transmitting dements of con­
nections are not to be considered a long-slot element of a connection. 

2226.3 Washer Requirements. Design details shall provide for washers in high-strength bolted 
connections as follows: 
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1. Where outer face of the bolted parts has a slope greater than 1 unit vertical in 20 units horizon­
tal (5% slope) with respect to a plane normal to the bolt axis, a hardened beveled washer shall be 
used to compensate for the lack of parallelism. 

2. Hardened washers are not required for connections using A 325 and A 490 bolts except as 
required in Section 2226.3, Items 3 through 7 for slip-critical connections and connections subject 
to direct tension or as required by Section 2227.3 for shear/bearing connections. 

3. Hardened washers shall be used under the element turned in tightening when the tightening is 
to be performed by calibrated wrench method. 

4. Irrespective of the tightening method, hardened washers shall be used under both the head and 
the nut when A 490 bolts are to be installed and tightened to the tension specifted in Table 22-IV-D 
in material having a specified yield point less than 40 ksi (276 kPa). 

5. Where A 325 of any diameter or A 490 bolts equal to or less than 1 inch (25.4 mm) in diameter 
are to be installed and tightened in an oversize or short-slotted hole in an outer ply, a hardened wash­
er conforming to Section 2221.5 shall be used. 

6. When A 490 bolts over 1 inch in diameter are to be installed and tightened in an oversize or 
short slotted hole in an outer ply, hardened washers conforming to Section 2221.5, except washers 
with 5!16-inch (7.9 mm) minimum thickness, shall be used under both the head and the nut in lieu of 
standard thickness hardened washers. Multiple hardened washers with combined thickness equal to 
or greater than 5116 inch (7.9 mm) do not satisfy this requirement. 

7. Where A 325 bolts of any diameter or A 490 bolts equal to or less than 1 inch (25.4 mm) in 
diameter are to be installed and tightened in a long-slotted hole in an outer ply, a plate washer or 
continuous bar of at least 5! 16-inch (7.9 mm) thickness with standard holes shall be provided. These 
washers or bars shall have a size sufficient to completely cover the slot after in1;tallation and shall be 
of structural grade material, but need not be hardened except as follows: When A 490 bolts over I 
inch (25.4 mm) in diameter are to be used in long-slotted holes in external pli~s. a single hardened 
washer conforming to Section 2221.5 but with 5/16-inch (7.9 mm) minimum thickness shall be used 
in lieu of washers or bars of structural grade material. Multiple hardened wa:;hers with combined 
thickness equal to or greater than 5t 16 inch (7.9 mm) do not satisfy this reqwrement. 

8. Alternate design fasteners meeting the requirements of Section 2221.4 with a geometry which 
provides a bearing circle on the head or nut with a diameter equal to or greatet than the diameter of 
hardened washers meeting the requirements of Section 2221.5 satisfy the requirements for washers 
specified in Section 2226.3, Items 4 and 5. 

SECTION 2227 - INSTALLATION AND TIGHTENING 

2227.1 Handling and Storage of Fasteners. Fasteners shall be protected from dirt and moisture 
at the jobsite. Only as many fasteners as are anticipated to be installed and tightened during a work 
shift shall be taken from protected storage. Fasteners not used shall be returned to protected storage 
at the end of the shift. Fasteners shall not be cleaned of lubricant that is prese 11t in the as-delivered 
condition. Fasteners for slip-critical connections which must be cleaned of accumulated rust or dirt 
resulting from on-site conditions shall be cleaned and re1ubricated prior to installation. 

2227.2 Tension Calibrator. A tension-measuring device shall be provided at jobsites where bolts 
in slip-critical joints or connections subject to direct tension are being installed and tightened. The 
tension-measuring device shall be used to confirm: (1) the suitability to satisfy the requirements of 
Table 22-IV-D of the complete fastener assembly, including lubrication if reqt.ired to be used in the 
work, (2) calibration of wrenches, if applicable, and (3) the understanding and proper use by the 
bolting crew of the method to be used. The frequency of confirmation testing, ·:he number of tests to 
be performed and the test procedure shall be as specified in Section 2227.4, as applicable. The accu­
racy of the tension-measuring device shall be confirmed through calibration by an approved testing 
agency at least annually. 
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2227.3 Joint Assembly and Tightening of Shear/Bearing Connections. Bolts in connections 
not requiring full pretension shall be installed in properly aligned holes, but need oilly be tightened 
to the snug-tight condition. The snug-tight condition is defined as the tightness that exists when all 
plies in a joint are in firm contact. This may be attained by a few impacts of an impact wrench or the 
tightening a person can achieve with full strength with an ordinary spud wrench. If a slotted hole 
occurs in an outer ply, a flat hardened washer or common plate washer shall be installed over the 
slot. Bolts which may be tightened only to a snug-tight condition shall be clearly identified on the 
drawings. 

2227.4 Joint Assembly and Tightening of Connections Requiring Full Pretension. 

2227.4.1 General. In connections requiring full pretension, fasteners, together with washers of 
size and quality specified, located as required by Section 2226.3 shall be instai led in properly 
aligned holes and tightened by one of the methods described in Section 2227.4 to at least the mini­
mum tension specified in Table 22-IV-D when all the fasteners are tight. Tightening may be done by 
turning the bolt while the nut is prevented from rotating when it is impractical to turn the nut. Impact 
wrenches, if used, shall be of adequate capacity and sufficiently supplied with air to perform the 
required tightening of each bolt in approximately 10 seconds. 

2227.4.2 Thrn-of-nut tightening. When turn-of-nut tightening is used, hardened washers are not 
required except as may be specified in Section 2226.3. 

A representative sample of not less than three bolts and nuts of each diameter, length and grade to 
be used in the work shall be checked at the start of work in a device capable of indicating bolt ten­
sion. The test shall demonstrate that the method of estimating the snug-tight condition and control­
ling turns from snug tight to be used by the bolting crews develops a tension not le5s than 5 percent 
greater than the tension required by Table 22-IV-D. 

Bolts shall be installed in all holes of the connection and brought to a snug-tight condition. "Snug 
tight" is defined as the tightness that exists when the plies of the joint are in firm contact. This may 
be attained by a few impacts of an impact wrench or the tightening a person can achieve with full 
strength with an ordinary spud wrench. Snug tightening shall progress systematically from the most 
rigid part of the connection to the free edges, and then the bolts of the connection shall be retigh­
tened in a similar systematic manner as necessary until all bolts are simultaneously snug tight and 
the connection shall be tightened further by the applicable amount of rotation specified in Table 
22-IV-E. During the tightening operation there shall be no rotation of the part not turned by the 
wrench. Tightening shall progress systematically from the most rigid part of the joint to its free 
edges. 

2227.4.3 Calibrated wrench tightening. Calibrated wrench tightening may be used only when 
installation procedures are calibrated on a daily basis and when a hardened washer is used under the 
element turned in tightening. This specification does not recognize standard torques determined 
from tables or from formulas which are assumed to relate torque to tension. 

When calibrated wrenches are used for installation, they shall be set to provide a tension not less 
than 5 percent in excess of the minimum tension specified in Table 22-IV-D. The installation proce­
dures shall be calibrated at least once each working day for each bolt diameter, length and grade 
using fastener assemblies that are being installed in the work. Calibration shall be accomplished in a 
device capable of indicating actual bolt tension by tightening three typical bolts of each diameter, 
length and grade from the bolts being installed and with a hardened washer from the washers being 
used in the work under the element turned in tightening. Wrenches shall be recalibrated when sig­
nificant difference is noted in the surface condition of the bolts threads, nuts or washers. It shall be 
verified during actual installation in the assembled steel work that the wrench adjustment selected 
by the calibration does not produce a nut or bolt head rotation from snug tight greater than that per­
mitted in Table 22-IV-E. If manual torque wrenches are used, nuts shall be turned :.n the tightening 
direction when torque is measured. 
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When calibrated wrenches are used to install and tension bolts in a connection, bolts shall be in­
stalled with hardened washers under the element turned in tightening bolts in all holes of the con­
nection and brought to a snug-tight condition. Following this initial tightening operation, the 
connection shall be tightened using the calibrated wrench. Tightening shall progress systematically 
from the most rigid part of the joint to its free edges. The wrench shall be returned to "touch up" 
previously tightened bolts which may have been relaxed as a result of the sub1;equent tightening of 
adjacent bolts until all bolts are tightened to the prescribed amount. 

2227.4.4 Installation of alternate design bolts. When fasteners which inccrporate a design fea­
ture intended to indirectly indicate the bolt tension or to automatically provide the tension required 
by Table 22-IV-D and which have been qualified under Section 2221.4 are to be installed, a repre­
sentative sample of not less than three bolts of each diameter, length and grade shall be checked at 
the jobsite in a device capable of indicating bolt tension. The test assembly shall include flat hard­
ened washers, if required in the actual connection, arranged as in the actual connections to be ten­
sioned. The calibration test shall demonstrate that each bolt develops a ter,sion not less than 5 
percent greater than the tension required by Table 22-IV-D. Manufacturer's installation procedure 
as required by Section 2221.4 shall be followed for installation of bolts in the calibration device and 
in all connections. 

When alternate design features of the fasteners involve an irreversible mechanism such as yield 
or twist-off of an element, bolts shall be installed in all holes of the connection and initially brought 
to a snug-tight condition. All fasteners shall then be tightened, progressing sy1;tematically from the 
most rigid part of the connection of the free edges in a manner that will minimize relaxation of pre­
viously tightened fasteners prior to final twist-off or yielding of the control or indicator element of 
the individual fasteners. In some cases, proper tensioning of the bolts may require more than a 
single cycle of systematic tightening. 

2227.4.5 Direct-tension indicator tightening. Tightening of bolts using direct-tension-indicator 
devices is permitted, provided the suitability of the device can be demonstrated by testing a repre­
sentative sample of not less than three devices for each diameter and grade of fastener in a calibra­
tion device capable of indicating bolt tension. The test assembly shall include flat hardened 
washers, if required in the actual connection, arranged as those in the actual connections to be ten­
sioned. The calibration test shall demonstrate that the device indicates a tension not less than 5 per­
cent greater than that required by Table 22-IV-D. Manufacturer's installation procedure as required 
by Section 2221.4 shall be followed for installation of bolts in the calibration device and in all 
connections. Special attention shall be given to proper installation of flat hardened washers when 
load-indicating devices are used with bolts installed in oversize or slotted holes and when the load 
indicating devices are used under the turned elements. 

When the direct tension involves an irreversible mechanism such as yielding or fracture of an 
element, bolts shall be installed in all holes of the connection and brought to mug-tight conditions. 
All fasteners shall then be tightened, progressing systematically from the most rigid part of the con­
nection to the free edges in a manner that will minimize relaxation of previously tightened fasteners 
prior to final twist-off or yielding of the control or indicator element of the i 11dividual devices. In 
some cases, proper tensioning of the bolts may require more than a single cycle of systematic tight­
ening. 

2227.5 Reuse of Bolts. A 490 and galvanized A 325 bolts shall not be reused. Other A 325 bolts 
may be reused if approved by the building official. Touching up or retightening previously tight­
ened bolts which may have been loosened by the tightening of adjacent bolts shall not be considered 
as reuse provided the snugging up continues from the initial position and does not require greater 
rotation, including the tolerance, than that required by Table 22-IV-E. 

SECTION 2228 - INSPECTION 

2228.1 Inspector Responsibility. While the work is in progress, the special inspector shall deter­
mine that the requirements of Sections 2221,2222 and 2227 are met. Such im.pections may be per- I 
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I formed on a periodic basis in accordance with the requirements of Section 1701.5, Item 6, of the 
code. The special inspector shall observe the calibration procedures when such procedures are re­
quired by the plans or specifications and shall monitor the installation of bolts to determine that all 
plies of connected material have been drawn together and that the selected procedure is properly 
used to tighten all bolts. 

In addition, all connections specified to be slip critical or subject to axial tension, the special in­
spector shall assure that the specified procedure was followed to achieve the preten~;ion specified in 
Table 22-IV-D. Bolts installed by procedures in Section 2227.4 may reach tensions substantially 
greater than values given in Table 22-IV-D, but this shall not be cause for rejection. 

Bolts in connections identified as not being slip critical nor subject to direct tem:ion need not be 
inspected for bolt tension other than to ensure that the plies of the connected elements have been 
brought into snug contact. 

2228.2 Arbitration Inspection. When high-strength bolts in slip-critical connections and con­
nections subject to direct tension have been installed by any of the tightening methods in Section 
2227.4 and inspected in accordance with Section 2228.1 and a disagreement exist; as to the mini­
mum tension of the installed bolts, the following arbitration procedure may be used. Other methods 
for arbitration inspection may be used if approved by the building official. 

1. The special inspector shall use a manual torque wrench which indicates torque by means of a 
dial or which may be adjusted to give an indication that the job inspecting torque has been reached. 

2. This standard does not recognize standard torques determined from tables or from formulas 
which are assumed to relate torque to tension. Testing using such standard torques ~;hall not be con­
sidered valid. 

3. A representative sample of five bolts from the diameter, length and grade of the bolts used in 
the work shall be tightened in the tension measuring device by a convenient means to an initial con­
dition equal to approximately 15 percent of the required fastener tension and then to the minimum 
tension specified in Table 22-IV-D. Tightening beyond the initial condition must net produce great­
er nut rotation than one and one-half times that permitted in Table 22-IV-E. The job inspecting 
torque shall be taken as the average of three values thus determined after reflecting I he high and low 
values. The inspecting wrench shall then be applied to the tightened bolts in the work and the torque 
necessary to tum the nut or head 5 degrees [approximately 1 inch (25 mm) at 12-inch (305 mm) 
radius] in the tightening direction shall be determined. 

4. Bolts represented by the sample in the foregoing paragraph which have been tightened in the 
structure shall be inspected by applying, in the tightening direction, the inspecting wrench and its 
job torque to 10 percent of the bolts, but not less than two bolts, selected at random in each connec­
tion in question. If no nut or bolt head is turned by application of the job inspecting torque, the con­
nection shall be accepted as properly tightened. If any nut or bolt is turned by the application of the 
job inspecting torque, all bolts in the connection shall be tested, and all bolts who:;e nut or head is 
turned by the job inspecting torque shall be tightened and reinspected. Alternative] y, the fabricator 
or erector, at his option, may retighten all of the bolts in the connection and then resubmit the con­
nection for the specified inspection. 

2228.3 Delayed Verification Inspection. The procedure specified in Sections 2228.1 and 2228.2 
are intended for inspection of bolted connections and verification of pretension at the time of ten­
sioning the joint. If verification of bolt tension is required after a passage of a period of time and 
exposure of the completed joints, the procedures of Section 2228.2 will provide indication of bolt 
tension which is of questionable accuracy. Procedures appropriate to the specific situation should 
be used for verification of bolt tension. This might involve use of the arbitration inspection proce­
dure contained herein, or might require the development and use of alternate procedures. 
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TABLE 22-IV-A-NOMINAL HOLE DIMENSIONS 

HOLE DIMENSIONS 

Standard Oversize Short Slot Long Slot 
BOLT DIAMETER (Diameter) (Diameter) (Width x Length) (Width x Length) 

x 25.4for mm 

ltz 9/16 5Jg 91]6 X IIJI6 9/16 X 11/4 
5Jg IIJI6 13/16 11/15 X 7/g 11/16 X 19/16 
314 13/16 15/16 13/16 X I 13/16 X t7/g 
7tg 15/16 11/16 15/16 X tl/g 15/16 X 23/16 
I 11/16 11/4 11/16 X 15/16 11/16 X 21/z 

::?. tl/g d+ 1/16 d + 5116 (d + 1/16) X (d + 3/g) ':d + 1/16) X (2.5 X d) 

TABLE 22-IV-B-ALLOWABLE WORKING STRESS1 ON FASTENERS 
OR CONNECTED MATERIAL (ksi) (x 6.89 for MPa) 

LOAD CONNECTION A325 A490 

Applied static tension2· 3 44 54 
Shear on bolt with threads in shear plane. 21 4 284 
Shear on bolt without threads in shear plane. 30" 40" 

Bearing on connected material with single bolt in line of force in a standard or short-slotted 1.0Fu5 
hole. 

Bearing on connected material with two or more bolts in line of force in standard or 1.2Fu5 
short -slotted holes. 

Bearing on connected material in long-slotted holes. 1.0Fu5 

I Ultimate failure load divided by factor of safety. 
2Bolts must be tensioned to requirements of Table 22-IV-D. 
3 See Section 2223.4 for bolts subject to tensile fatigue. 
4Jn connections transmitting axial fore whose length between extreme fasteners measured p.uallel to the line of force 

exceeds 50 inches ( 1270 mm), tabulated values shall be reduced 20 percent. 
5 Fu = specified minimum tensile strength of connected part. 

Connections using high-strength bolts in slotted holes with the load applied in a directio.1 other than approximate­
ly normal (between 80 and 100 degrees) to the axis of the hole and connections with bolts in oversize holes shall 
be designated for resistance against slip at working load in accordance with Section 22:<.4. 

Tabulated values apply when the distance L parallel to the line of force from the center of the bolt to the edge 
of the connected part is not less than Jl/zd and the distance from the center of a bolt to the center of an adjacent bolt 
is not less than 3 (d). When either of these conditions is not satisfied, the distance L requi·ement of Section 2223.2 
determines allowable bearing stress. 

Except as may be justified under provisions of Section 2223.2. 
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22-IV-C-22-IV-E 1994 UNIFORM BUILDING CODE 

TABLE 22-IV-C-ALLOWABLE LOAD FOR SLIP-CRITICAL CONNECTICINS 
(Slip Load per Unit of Bolt Area, ksi) (x 6.89 for MPa) 

HOLE TYPE AND DIRECTION OF LOAD APPUCATION 
Any Direction Transverse Parallel 

CONTACT SURFACE OF Oversize and BOLTED PARTS Standard Short Slot Long Slots Long Slots 
A325 A490 A 325 A490 A325 A490 ~. 325 A490 

Class A (Slip 
Coefficient 0.33) 
Clean mill scale and 17 21 15 18 12 15 10 13 blast -cleaned surfaces 
with Class A 
coatings 1 

Class B (Slip 
Coefficient 0.50) 
Blast-cleaned surfaces 28 34 24 29 20 24 17 20 and blast -cleaned 
surfaces with Class B 
coatings 1 

Class C (Slip 
Coefficient 0.40) 
Hot dip galvanized 22 27 19 23 16 19 14 16 
and roughened 
surfaces 

1Coatings classified as Class A or Class B includes those coatings which provide a mean slip coefftcient not less than 
0.33 or 0.50, respectively, as determined by approved methods. 

TABLE 22-IV-D-FASTENER TENSION REQUIRED FOR SLIP-CRITICAL CONNEC:TIONS AND 
CONNECTIONS SUBJECT TO DIRECT TENSION 

NOMINAL BOLT SIZE, MINIMUM TENSION1 IN 1000's OF POUNDS (kips) 
INCHES x 444Bfor N 

x 25.4formm A 325 Bolts A 490 llolts 
1/2 12 l:i 
5Jg 19 2·~ 
3j4 28 3:i 
7 /g 39 49 
I 51 M 

Jl/g 56 81) 
Jl/4 71 1m 
)3/g 85 121 
Jl/2 103 14~ 

.. 1Equal to 70 percent of spectfied mtmmum tenstle strength of bolts (as spectfied for tests of full-stze A 325 and A 490 
bolts with UNC threads loaded in axial tension) rounded to the nearest kip. 

TABLE 22-IV-E-NUT ROTATION FROM SNUG-TIGHT CONDITION1,:! 
DISPOSITION OF OUTER FACE OF BOLTED PARTS 

BOLT LENGTH Both faces One face normal to bolt axis and Both faces sic oped not more than 

(U~:-.~~d~ ':o~id normal to other sloped not mora than 1 :20 1:20 from normal to the bolt axis 
bolt axis (beveled washer not used) (beveled washer not used) 

Up to and including 4 1/3 tum 1/2 tum 213 tum 
diameters 

Over 4 diameters but not 1/2 tum 2/3 tum 516 tum 
exceeding 8 diameters 

Over 8 diameters but not 2/3 tum 516 tum I tum 
exceeding 12 diameters3 

1For bolts mstalled by 1/2 tum and less, the tolerance shall be plus or mmus 30 degrees; for bolts •~stalled by 2/3 tum 
and more, the tolerance shall be plus or minus 45 degrees. 

2Applicable only to connections in which all material within Jhe grip of the bolt is steel. 
3The rotation shall be determined by actual test in a suitable tension measuring device which simulates conditions of 

solidly fitted steel. 
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TABLE 22-IV-F-DIMENSIONS OF HEAVY HEX STRUCTURAL BOLTS1 

x 25.4formm 

E F H R 

NOMINAL 
SIZE BODY DIAMETER3, 4 WIDTH ACROSS R.ATS5, 6 HEIGHT RADIUS OF FILLET 

MAX. MIN. BASIC/MAX. MIN. MIN. MAX. MIN. 

1f2 0.515 0.482 0.875 0.850 0.302 0.031 0.009 
5/s 0.642 0.605 1.062 1.031 0.378 0.062 0.021 
314 0.768 0.729 1.250 1.212 0.455 0.062 0.021 
7/s 0.895 0.852 1.438 1.394 0.531 0.062 0.031 

! !.022 0.976 !.625 !575 () )Ql OOQ' 0 llh7 

l•ts 1.149 1.098 1.812 1.756 0.658 0.093 0.062 

11/4 1.277 1.223 2.000 1.938 0.749 0.093 0.062 

13/s 1.404 1.345 2.188 2.119 0.810 0.093 0.062 

11/2 1.531 1.470 2.375 2.300 0.902 0.093 0.062 

k 
(11 (Continued) 

Lr y 

TRANSmON 
THREAD THREAD 
LENGTH2 LENGTH2 

BASIC MAX. 

1.00 0.19 

1.25 0.22 

1.38 0.25 

1.50 0.28 

1 7'i 0.31 

2.00 0.34 

2.00 0.38 

2.25 0.44 

2.25 0.44 

RUNOUTOF 
BEARING 

SURFACE RM7 

MAX. 

0.016 

0.019 

0.022 

0.025 

0.028 

0.032 

0.035 

0.038 

0.041 
-
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l FOOTNOTES TO TABLE 22-IV-F 

8: 1Identification Symbols. Identification marking symbols on the tops of heads for bolt sizes 5Jg inch (16 mm) and smaller shall project not less than 0.005 inch (0.13 mm) 
above the surface nor more than 0.015 inch (0.38 mm) over the specified maximum head height. Bolt sizes larger than 5J8 inch ( 16 mm) shall project not less than the 
equivalent in inches of 0.0075 times the basic bolt diameter above the surface nor more than 0.030 inch (0. 76 mm) over the specified maximum head height. 

2The length of thread on bolts shall be controlled by the grip gauging length Lc max. and body length 4J min. as set forth in the following: 
Grip gauging length, Lc max., is the distance measured parallel to the axis of bolt from the underhead bearing surface to the face of a noncounterbored or noncountersunk 

standard GO thread ring gauge assembled by hand as far as the thread will permit. It shall be used as the criterion for inspection. The maximum grip gauging length, as 
calculated and rounded to two decimal places for any bolt not threaded full length, shall be equal to the nominal bolt length minus the basic thread length <Lc max. = L 
nom- LT ). For bolts which are threaded full length, LB max. defines the unthreaded length under the head and shall not exceed the length of 2.5 times the thread pitch 
for sizes up to and including I inch (25 mm), and 3.5 times the thread pitch for sizes larger than I inch (25 mm). Lc max. represents the minimum design grip length of 
the bolt and shall be used for detennining thread availability when selecting bolt lengths even though usable threads may extend beyond this point. 
Basic thread length, LT. is a reference dimension, intended for calculation purposes only, which represents the distance from the extreme end of the bolt to the last complete 

(full form) thread. 
Body length, 4J min., is the distance measured parallel to the axis of bolt from the underhead bearing surface to the last scratch of thread or to the top of the extrusion 

angle. It shall be used as a criterion for inspection. The minimum body length as calculated and rounded to two decimal places shall be equal to the maximum grip gauging 
length minus the maximum transition thread length (4J min. = Lc max. - Y max.). Bolts of nominal lengths which have a calculated 4J min. length equal to or shorter 
than 2.5 times the thread pitch for sizes I inch (25 mm) and smaller and 3.5 times the thread pitch for sizes larger than I inch (25 mm) shall be threaded for full length. 
Transition thread length, Y. is a reference dimension, intended for calculation purposes only, which represents the length of incomplete threads and tolerance on grip 
gauging length. 
The major diameter of incomplete thread shall not exceed the actual major diameter of the full form thread. 
Threads, when rolled, shall be in the unified inch coarse or 8 thread series (UNRC or 8 UNR Series), Class 2A. Threads produced by other methods may be unified inch 

coarse or 8 thread series (UNC or 8 UN Series), Class 2A. 
3There may be a reasonable swell or fin under the head, or die seam on the body not to exceed the basic bolt diameter by the following: 

0.030 inch (0.76 mm) for sizes lfz inch (13 mm) 
0.050 inch (1.27 mm) for sizes 5Js inch (16 mm) and 3/4 inch (19 mm) 
0.060 inch (1.52 mm) for sizes over 3/4 inch (19 mm) to I t/4 inches (32 mm) 
0.090 inch (2.29 mm) for sizes over 11/4 inches (32 mm) 

4Shanks of bolts shall be straight within the following limits: for bolts with nominal lengths to and including 12 inches (305 mm), the maximum camber shall be 0.006 inch 
(0.15 mm) per inch (25 mm) of bolt length, and for bolts with nominal lengths over 12 inches (305 mm) to and including 24 inches (610 mm), the maximum camber shall 
be 0.008 inch (0.20 mm) per inch (25 mm) of length. 

5Maximum width across flats shall not be exceeded. No transverse section through the head between 25 and 75 percent of actual head height as measured from the bearing 
surface shall be less than the minimum width across flats. 

6The axis of the head shall be located at true position with respect to the axis of the body (determined over a distance under the head equal to one diameter) within a tolerance 
zone having a diameter equivalent to six percent of the maximum width across flats, regardless of feature size. 

7Bearing surface shall be flat and washer faced. Diameter of bearing surface shall be equal to the maximum width across flats within a tolerance of minus I 0 percent. 
Thickness of the washer face shall be not less than 0.015 inch (0.38 mm) nor greater than 0.025 inch (0.64 mm) for bolt sizes 3J4 inch (19 mm) and smaller and not less 

than 0.015 inch (0.38 mm) nor greater than 0.035 inch (0.89 mm) for sizes larger than% inch ( 19 mm). 
The olane of the bearing surface shall be perpendicular to the axis of the body within the full indicator movement (FIM) limits specified. Measurement of FIM shall be 

made as close to the periphery of the bearing surface as possible while the bolt is being held in a collet or other gnppmg device at a distance of one boh diameter from 
the underside of the head. 
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TABLE 22-IV-G---CHEMICAL REQUIREMENTS FOR GRADES 0, A, B, C, D, DH AND 2, 2H NUTS 
COMPOSillON, percentage 

GRADE OF NUT Analysis carbon Manganese, min. Phosphorus, max. 

O,A,B,C heat 0.55 max ... 0.12 
product 0.58 max . . . 0.13 1 

oJ heat 0.55 max 0.30 0.04 
product 0.58 max 0.27 0.048 

DH3 heat 0.20-0.55 0.60 0.04 
2 and 2H product 0.18-0.58 0.57 0.48 

--- 0.40min. --- 0.040 

1 Acid bessemer steel only. 
2Sulfur content may be 0.23 maximum for Grades 0, A and B nuts if agreed between the manufacturer and the purchaser. 
3For D and DH nuts, sulfur content may be 0.05 to 0.15 percent, in which, case manganese must be a minimum of 1.35 percent. 

~ ..... 

Sulfur, max. 

0.152 
... 
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TABLE 22-IV-H-CHEMICAL REQUIREMENTS FOR GRADES C3 AND DH3 NUTS 

COMPOSmON, percentage 

Classes for Grade C3 Nuts 1 

ELEMENT N A B c D E 

Carbon: ... 0.33-0.40 0.38-0.48 0.15-0.25 0.14-0.25 0.20-0.25 
Heat analysis ... 0.31-0.42 0.36-0.50 0.14-0.26 0.14-0.26 0.18-0.27 
Product analysis 

Manganese: ... 0.90-1.20 0.70-0.90 0.80-1.35 0.40-1.20 0.60-1.00 
Heat analysis ... 0.86-1.24 0.67-0.93 0.76-1.39 0.36-1.24 0.56-1.04 
Product analysis 

Phosphorus: 0.07-0.15 0.040max 0.06-0.12 0.035 max 0.040max 0.040max 
Heat analysis 0.07-0.155 0.045 max 0.06-1.25 0.040max 0.045 max 0.045 max 
Product analysis 

Sulfur: 0.050 max 0.050 max 0.050 max 0.040max 0.050 max 0.040 max 
Heat analysis 0.055 max 0.055 max 0.055 max 0.045 max 0.055 max 0.045 max 
Product analysis 

Silicon: 0.20-0.90 0.15-0.35 0.30-0.50 0.15-0.35 0.25-0.50 0.15-0.35 
Heat analysis 0.15-0.95 0.13-0.37 0.25-0.55 0.13-0.37 0.20-0.55 0.13-0.37 
Product analysis 

Copper: 0.25-0.55 0.25-0.45 0.25-0.40 0.20-0.50 0.30-0.50 0.30-0.60 
Heat analysis 0.22-0.58 0.22-0.48 0.17-0.43 0.17-0.53 0.27-0.53 0.27-0.63 
Product analysis 

Nickel: 1.00 max 0.25-0.45 0.50-0.80 0.25-0.50 0.50-0.80 0.30-0.60 
Heat analysis 1.03 max 0.22-0.48 0.47-0.83 0.22-0.53 0.47-0.83 0.27-0.63 
Product analysis 

Chromium: 0.30-1.25 0.45-0.65 0.50-0.75 0.30-0.50 0.50-1.00 0.60-0.90 
Heat analysis 0.25-1.30 0.42-0.68 0.47-0.83 0.27-0.53 0.45-1.05 0.55-0.95 
Product analysis 

Vanadium: . .. .. . . .. 0.20min . .. . .. 
Heat analysis . .. . .. ... 0.10 min . .. . .. 
Product analysis 

Molybdenum: . . . . .. 0.06 max ... 0.10 max . .. 
HP!lt:ln:llvliO.iliO 0.07 max 
P~~d~~t. ~alysis 

... 0.11 max . .. 

Titanium: ... . . . . . . ... 0.05 max . .. 
Heat analysis ... . .. . . . ... . .. . .. 
Product analysis 

- ---

Ic3 nuts may be made of any of the above-listed material classes. Selection of the class shall be at the option of the manufacturer. 
2Nickel or molybdenum may be used. 

F 

0.20-0.25 
0.19-0.26 

0.90-1.20 
0.86-1.24 

0.040max 
0.045 max 

0.040max 
0.045 max 

0.15-0.35 
0.13-0.37 

0.25-0.40 
0.17-0.43 

0.20-0.40 
0.17-0.43 

0.45-0.65 
0.42-0.68 

... 

. .. 

. .. 

. .. 

. .. 

. .. 

GRADE 
DH3NUTS 

0.20-0.53 
0.19-0.55 

0.40max 
0.37 min 

0.046 max 
0.052 max 

0.050 max 
0.055 max 

... 

... 

0.20 min2 
0.17 min 

0.20 min 
0.17 min 

0.45 min 
0.42min 

0.15 min2 
0.14min 
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Ul 
CD 

GRADE OF 
NUT 

0 
A 

0 
A 
8 
8 
oJ 

DH4 

A 
8 
8 
cJ 
C3 
o3 

DH4 

DH3 

A 
8 
8 
oJ 

DH4 

NOMINAL NUT 

li~c~~sl 
x 25.4formm 

1/4 to 11/2 
1/4 to l 1/2 

lf4 to 11/2 
1/4 to l 1/2 

1/4 to I 
11/gtoll/2 
1/4 to l 1/2 
1/4 to l 1/2 

1/4 to 4 
1/4 to I 

11/gto l 1/2 
1/4 to 4 
1/4 to 4 
1/4 to 4 
1/4 to 4 
1/4 to 4 

1/4 to l 1/2 
1/4 to I 

11/g to 11/2 
If4to1112 
1/4 to l1/2 

TABLE 22-IV-1-MECHANICAL REQUIREMENTS 
PROOF LOAD STRESS, ksi1 

x 6.89 for MPa 

Non-Zinc-coated 
min. STYLE OF NUT Nuts2 Zinc-coated Nuts2 

Nuts with UNC, BUN, 6 UN and Coarser Pitch Threads 

square 69 52 103 
square 90 68 116 

hex 69 52 103 
hex 90 68 116 
hex 120 90 121 
hex 105 79 121 
hex 135 135 159 
hex 150 150 248 

heavy hex 100 75 116 
heavy hex 133 100 121 
heavy hex 116 87 121 
heavy hex 144 144 143 
heavy hex 144 144 143 
heavy hex 150 150 159 
heavy hex 175 175 248 
heavy hex 175 175 248 

hex thick 100 75 116 
hex thick 133 100 121 
hex thick 116 87 121 
hex thick 150 150 159 
hex thick 175 175 248 

(Continued) 

HARDNESS 
Brinell I 

max. min. 

302 855 
302 868 

302 855 
302 868 
302 869 
302 869 
352 884 
352 C24 

302 868 
302 869 
302 869 
352 878 
352 878 
352 884 
352 C24 
352 C24 

302 868 
302 869 
302 869 
352 884 
352 C24 

Rockwell 

max. 

C32 
C32 

C32 
C32 
C32 
C32 
C38 
C38 

C32 
C32 
C32 
C38 
C38 
C38 
C38 
C38 

C32 
C32 
C32 
C38 
C38 
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TABLE 22-IV-1-MECHANICAL REQUIREMENT5-(Continued) 

PROOF LOAD STRESS, ksi1 

NOMINAL NUT x 6.89 for MPa HARDNESS SIZE 
Brlnell I Rockwell llnchesl 

GRADE OF x 25.4formm Non-Zinc<oated min. min. NUT STYLE OF NUT Nuts2 Zine<oated Nuts2 max. max. 

Nuts wHh UNF, 12 UN and Finer PHch Threads 

0 i/4 to I 1h hex 6S 49 103 302 8S5 C32 
A 1/4 to l 1/2 hex 80 60 116 302 868 C32 
8 1/4 to I hex 109 82 121 302 869 C32 
8 J1/gtoJi/2 hex 94 70 121 302 869 C32 
oJ i/4 to ! 1/2 hex 13S 135 IS9 3S2 884 C38 

DH4 1/4 to ! 1/2 hex ISO ISO 248 3S2 C24 C38 

A 1/4 to 4 heavy hex 90 68 116 302 868 C32 
8 1/4 to I heavy hex 120 90 121 302 869 C32 
8 1/4 to ! 1/2 heavy hex lOS 79 121 302 869 C32 
oJ 1/4 to 4 heavy hex ISO ISO !59 352 884 C38 

DH4 1/4 to4 heavy hex 17S 17S 248 3S2 C24 C38 

A 1/4 to ! 1/2 hex thick 90 68 116 302 868 C32 
8 1/4 to I hex thick 120 90 121 302 869 C32 
8 J1/gtoJ1h hex thick lOS 79 121 302 869 C32 
oJ i/4 to ! 1/2 hex thick ISO ISO IS9 3S2 884 C38 

DH4 i/4 to ! 1/2 hex thick 17S 17S 248 3S2 C24 C38 
---

To determine nut proof load in pounds (N}, multiply the appropriate nut proof load stress by the tensile stress area of the thread. 
2Non-zinc-coated nuts are nuts intended for use with externally threaded fasteners which have a plain (nonplated or noncoated) finish or have a plating or coating of 

insufficient thickness to necessitate overlapping the nut thread to provide assemblability. Zinc-coated nuts are nuts intended for use with externally threaded fasteners 
which are hot-dip zinc-coated, mechanically zinc-coated, or have a plating or coating of sufficient thickness to necessitate overlapping the nut thread to provide 
assemblability. 

3Nuts made in accordance to the requirements of Grade 2 or 2H, and marked with their grade symbol are acceptable equivalents for Grades C and D nuts. 
4Nuts made in accordance with the requirements of Grade 2H, and marked with its grade symbol are an acceptable equivalent for Grade DH nuts. 

,--- - COMPLETED NUTS SAMPLE NUT AFTER TREATMENT I 
GRADE AND TYPE Rockwell Hardness Brinell Rockwell 

I 
Brinell Hardness Hardness, Hardness B Scale, 

C Scale B Scale min. min. 

2 IS9 to 352 ... 84 min. 159 84 

2H 248 to 352 24 to 38 ... 179 89 
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NOMINAL SIZE 

x 25.4formm 

1/4 
51!6 
3fg 

1
116 

1/2 
91!6 
5fg 
314 
1fg . 

1 

11/g 
11/4 
13/g 

k 

11/2 
15/g 
13/4 
17/g 

... 

TABLE 22-IV-J-DIMENSIONS OF HEAVY HEX NUTS (lnches)1,2,3.4 

F G H HEAVY HEX NUTS SPECIRED PROOF LOADS 

THICKNESS HEAVY UP TO 150,000 psi 
150,000 psi 

(1030 MPa) AND 
WIDTH ACROSS FLATS6 WIDTH ACROSS CORNERS7 HEX NUTS (1030 MPa) GREATER 

x 25.4formm 

BASIC/MAX. MIN. MAX. MIN. MIN. RUNOUT OF BEARING FACE, RR MAX. 

0.500 0.488 0.577 0.556 0.218 0.017 0.011 
0.562 0.546 0.650 0.622 0.280 0.020 0.012 
0.688 0.669 0.794 0.763 0.341 0.021 0.014 
0.750 0.728 0.866 0.830 0.403 0.022 0.015 

0.875 0.850 1.010 0.969 0.464 0.023 0.016 
0.938 0.909 1.083 1.037 0.526 0.024 0.017 
1.062 1.031 1.227 1.175 0.587 O.Q25 0.018 
1.250 1.212 1.443 1.382 0.710 0.027 0.020 
1.438 1.394 1.660 1.589 0.833 0.029 0.022 
11 £""'~ 11 ~~~ !.~7t; 1.79~ ~.95~ 0.03! 0.024 ..&.oUM..J .. ....,,., 
1.812 1.756 2.093 2.002 1.079 0.033 0.027 
2.000 1.938 2.309 2.209 1.187 0.035 0.030 
2.188 2.119 2.526 2.416 1.310 O.Q38 0.033 

2.375 2.300 2.742 2.622 1.433 0.041 0.036 
2.562 2.481 2.959 2.828 1.556 0.044 O.Q38 
2.750 2.662 3.175 3.035 1.679 0.048 0.041 
2.938 2.844 3.392 3.242 1.802 0.051 0.044 

- - ------ - L__ --
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(Continued) 

TABLE 22-IV..J-OIMENSIONS OF HEAVY HEX NUTS (lnches)1·2,3.4-{Continued) 

F G H HEAVY HEX NUTS SPECIAED PROOF LOAOS 

UP TO 150,000 psi 
150,000 psi 

NOMINAL SIZE THICKNESS HEAVY (1030 MPa) AND 
WIDTH ACROSS FLATS6 WIDTH ACROSS CORNERS7 HEX NUTS (1030MPa) GREATER 

x 25.4formm 

x 25.4formm BASIC/MAX. MIN. MAX. MIN. MIN. RUNOUT OF BEARING FACE, AR MAX. 

2 3.125 3.025 3.606 3.449 1.925 0.055 0.047 
21/4 3.500 3.388 4.041 3.862 2.155 0.061 0.052 
21/z 3.875 3.750 4.474 4.275 2.401 0.068 0.058 
2314 4.250 4.112 4.907 4.688 2.647 0.074 0.064 

3 4.625 4.475 5.340 5.102 2.893 0.081 0.070 
31/4 5.000 4.838 5.774 5.515 3.124 0.087 O.Q75 
31/z 5.375 5.200 6.207 5.928 3.370 0.094 0.081 
33/4 5.750 5.562 6.640 6.341 3.616 0.100 0.087 

4 6.125 5.925 7.073 6.755 3.862 0.107 0.093 

I Unification: Bold type indicates products unified dimensionally with British and Canadian standards. Unification of fine thread products is limited to sizes I inch (25 mm) 
and under. 

2Concentricity of tapped hole: Axis of tapped hole shall be concentric with axis of nut body within a tolerance equal to 3 percent ( 6 percent FIR) of the maximum width 
across flats. 

3Countersink: Tapped hole shall be countersunk on the bearing face or faces. The maximum countersink diameter shall be the thread basic (nominal) major diameter plus 
0.030 inch (0.76 mm) for 3/s inch (9.5 mm) nominal size nuts and smaller and 1.08 times the basic major diameter for nuts larger than 3/s inch (9.5 mm). No part of the 
threaded portion shall project beyond the bearing surface. 

4Thfeads: Threads shall be unified coarse, fine or 8 thread series (UN C. UNF or 8 UN series), Class 2B. 
STops and bearing surfaces of nuts: Nuts in sizes 1fl6 inch (II mm) nominal size and smaller shall be double chamfered. Larger size nuts shall be double chamfered or have 

washer faced bearing surface and chamfered top. 
The diameter of chamfer circle on double chamfered nuts and diameter of washer face shall be within the limits of the maximum width across flats and 95 percent of 

the minimum width across flats. 
The tops of washer faced nuts shall be flat and the diameter of chamfer circle shall be equal to the maximum width across flats within a tolerance of minus 15 percent. 

The length of chamfer at hex comers shall be from 5 to 15 percent of the basic thread diameter. The surface of chamfer may be slightly convex or rounded. 
Bearing surfaces shall be flat and perpendicular to the axis of the threaded hole within the FIR limits specified for the respective nut type and strength leveL 

6Width across flats: Maximum width across flats shall not be exceeded. No transverse section through the nut between 25 and 75 percent of the actual nut thickness as 
measured from the bearing surface shall be less than the minimum width across flats. 

?comer fill: A rounding or lack of fill at junction of hex comers with chamfer shall be permissible provided the width across comers is within specified limits at and beyond 
a distance equal to 17.5 percent of the basic thread diameter from the chamfered faces. 
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1994 UNIFORM BUILDING CODE 22-IV-K 

TABLE 22-IV-K-CHEMICAL REQUIREMENTS 

COMPOSITION, percnntage 

ELEMENT Carbon Steel Washers Weathering Steel Washers 

Phosphorus, max. 
Heat analysis 0.040 0.040 
Product analysis 0.050 0.045 

Sulfur, max. 
Heat analysis 0.050 0.050 
Product analysis 0.060 0.055 

Silicon 
Heat analysis ... 0.15-0.35 
Product analysis ... 0.13-0.37 

Chromium 
Heat analysis ... 0.45-0.65 
Product analysis ... 0.42-0.68 

Nickel 
Heat analysis ... 0.25-0.45 
Product analysis ... 0.22-0.48 

Copper 
Heat analysis ... 0.25-0.45 
Product analysis ... 0.22-0.48 
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TABLE 22-IV-L-HARDENED CIRCULAR AND CLIPPED CIRCULAR WASI-IERS1 

CIRCULAR AND CUPPED CIRCULAR 
Nominal Outside Normal Inside Thickness {T) (Inches) 

BOLT SIZE (Inches) Dlar;~~e~~-D.) DlaOn~~~!~D.) min. max. 
x 25.4formm 

1f4 5fs 9/32 0.051 0.080 

5fl6 11/16 11f32 0.051 0.080 
3/s 13/16 13/32 0.051 0.080 
7/16 59f64 15f32 0.051 0.080 
ltz 11/16 17/32 0.097 0.177 
5fs 15/16 "'16 0.122 0.177 
3/4 115/32 13/16 0.122 0.177 
7/s 13/4 15116 0.136 0.177 

I 2 11/8 0.136 0.177 

11/s 21/4 11/4 0.136 0.177 
11/4 21/2 13/g 0.136 0.177 
13/g 23/4 11/2 0.136 0.177 

11/2 3 15/s 0.136 0.177 
13/4 33/g 17/g 0.1783 0.283 

2 33/4 21/s 0.1783 0.283 

21/4 4 23/s 0.244 0.344 

21/2 41/2 25fg 0.244 0.344 

23/4 5 27/g 0.244 0.344 

3 51/2 31/s 0.244 0.344 

31/4 6 33/g 0.244 0.344 

31/2 61/2 35/s 0.244 0.344 

33/4 7 37/s 0.244 0.344 

4 71/2 41/s 0.244 0.344 

I Tolerances are as noted m Table 22-IV-N. 
2 Clipped edge, E. shall not be closer than 7fs of the bolt diameter from the center of the washer. 
3 3/16 inch (4.8 mm) nominal. 
4 1/4 inch (6.4 mm) nominal. 
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CLIPPED 
Minimum Edfr 
Dlstsnce (E) 

(Inches) 

7132 
9/32 

11 /32 
13/32 
7116 
9/16 
21/32 

25/32 
7/s 

I 

13/32 

17/32 

15/16 
117/32 

13/4 

2 

23/16 
213f32 

25/s 
27/g 

31/16 

35116 

31/z 
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TABLE 22-IV-M-HARDENED BEVELED WASHERS1 

SQUARE BEVELED AND CLIPPED SQUARE BEVELED2 CLIPPED 

Minimum Side Nominal lnslda 
BOLT SIZE Dimension (A) Diameter (I.D.) Mean Thickness Slo~ or Taper In Nominal Edge Distance 

(Inches) (Inches) (Inches) (7) (Inches) hlckness (E)3 (Inches) 

x 25.4formm 

1/2 )3/4 17f32 5/16 1:6 7/16 5/s )3/4 11 /16 5/16 1:6 9/16 
3/4 )3/4 13/16 5/16 1:6 21f32 
7/s )3/4 15/16 5/16 1:6 25fn 
I )3/4 Jlfs 5/16 1:6 7/s 

11/s 21/4 Jl/4 5/16 1:6 I 
Jl/4 21/4 J3fs 5/16 1:6 )3/32 
J3fs 21/4 Jl/2 5/16 1:6 17/32 
Jl/2 21/4 J5fs 5/16 1:6 15/16 

I Tolerances are as noted m Table 22-IV-N. 
2Rectangular beveled washers shall conform to the dimensions shown above, except that one side may be longer than 

that shown for the A dimension. 
3CJipped edge E shall not be closer than 1fs of the bolt diameter from the center of the washer. 

TABLE 22-IV-N-WASHER DIMENSION TOLERANCES 
TO 11/2 IN. (38 mm) OVER 11/2 IN. (38 mm) OVER 3 TO 4 IN. 

NOMINAL BOLT NOMINAL BOLT SIZE, (76 to 102 mm) 
SIZE,INCL INCL NCIMINAL BOLT SIZE, INCL. 

x 25.4formm 

Nominal diameter of hole, in. -0, + 1f32 -0, + 1/16 -0, + 1/s 
Nominal outside diameter, in. ± 1/32 ± 1/16 ± 1/s 
Flatness: max. deviation from 0.010 0.015 0.032 

straightedge placed on cut side 
shall not exceed (in.) 

Concentricity, in.: center of hole to 0.030FIR1 0.090FIR1 0.250FIR1 
outside diameter 

Burr shall not project above 0.010 0.015 O.o25 
immediately adjacent washer 
surface more than (in.) 

I Full mdtcator runout. 
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TABLE 22-IV-0-WEIGHT OF ZINC COATING FOR VARIOUS THICKNESSES OF 13ASE METAL 
MINIMUM WEIGHT OF ZINC EQUIVALENT THI1:KNESS OF ZINC 

COATING ozJit.2 OF SURFACE COATING, mlls1 

SPECIFIED BASE METAL THICKNESS (Inch) x 304.8 for glm2 x 0.025'1 for mm 

x 25.4formm 
Average of Any Individual Average of Any Individual 
S'}:clmen Specimen or S'f:clmen Specimen or 

ested Computed Value2 ested Computed Value 

22 gauge (0.0299) to under 1/16 1.10 0.85 1.87 1.45 

1/16 to under 1/s 1.50 1.25 2.55 2.13 

1/s to under 1/4 2.00 1.80 3.40 3.06 

IJ4 or over 2.30 2.00 3.91 3.40 

For wire in assemblies (diameters): 

Under 3/16 1.00 0.75 1.70 1.28 

3/16 to under 1/4 1.50 1.25 2.55 2.13 

1/4 or over 2.00 1.80 3.40 3.06 

IEqmvalent thickness of zrnc coatrng 1s based upon mathematical calculations and does not take mto consideratiOn 
the iron content of the coating. 

2Computed average of at least five spot measurements. 
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2229-2230 

Division V-DESIGN STANDARD FOR SPECIFICATION FOR TliE DESIGN OF 
COLD-FORMED STEEL STRUCTURAL MEMBERS 

Based on Specification for Design of Cold-formed Steel StructLiral Members, of 
the American Iron and Steel Institute {1986 with December 19a9 Addendum) 

Section 2229 of this division contains the exceptions to the referenced specification. Section 
2230 of this division, "Specification for the Design of Cold-formed Steel Stmctural Members," is 
reproduced with permission of the publisher. 

SECTION 2229 -AMENDMENTS 

The American Iron and Steel Institute (AISI) specification adopted by this standard applies to the 
design of cold-formed steel structural members except as modified by this part. Where other codes, 
standards or specifications are referred to in this standard, they are to be considered as only an indi­
cation of an acceptable method or material that can be used with the approva of the building offi­
cial. 

I. Sections A4.1 and A4.2 are deleted. 

2. Section A4.4, modify as follows: Where load combinations specified by Section 1603.6 include 
wind or earthquake loads, the resulting forces may be multiplied by 0.75 for strength determination. 
Such reduction shall not be allowed in combination with reductions in accordance with Section 
1603.5. 

3. Section A6. Whenever reference is made to American Iron and Steel Code "Specification for 
the Design, Fabrication and Erection of Structural Steel Buildings," such reference shall be taken 
as Division IX. 

Whenever reference is made to the Research Council for Structural Connections "Specifications 
for Structural Joints Using ASTM A 325 or A 490 Bolts," such reference shal be taken as Division 
IV. 

Whenever reference is made to the Steel Joist Institute "Standard Specifications Load Tables and 
Weight Tables for Steel Joists and Joist Girders," such reference shall be taken as Division III. 

SECTION 2230 -ADOPTION 

Reproduced with permission from the American Iron and Steel Institute, I U3 15th Street, N.W., 
Washington, DC 20005. Persons desiring to reprint in whole or in part any portion of this specifica­
tion must secure permission from the American Iron and Steel Institute. 

SPECIFICATION FOR THE DESIGN OF COLD-FORMED 
STEEL STRUCTURAL MEMBERS 

AUGUST 19,1986, EDITION 
WITH 

DECEMBER 11,1989, ADDENDUM 

AMERICAN IRON AND STEEL INSTITUTE 
113315th STREET, NW 

WASHINGTON, DC 20005-2701 
This publication is for general information only. The information in it should not be used without 

first securing compete·nt advice with respect to its suitability for any given apJ:Iication. The publica­
tion of the information is not intended as a representation or warranty on the part of American Iron 
and Steel Institute--or any other person named herein-that the information i:; suitable for any gen­
eral or particular use or of freedom from infringement of any patent or patent~;. Anyone making use 
of the information assumes all liability arising from such use. 
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B6 Stiffeners 
B6.1 Transverse Stiffeners 
B6.2 Shear Stiffeners 
B6.3 Non-Conforming Stiffeners 

C. MEMBERS 
C 1 Properties of Sections 
C2 Tension Members 
C3 Flexural Members 

C3.1 Strength for Bending Only 
C3.1.1 Nominal Section Strength 
C3.1.2 Lateral Buckling Strength 
C3.1.3 Beams Having One Flange Through-Fastened to Deck or Sheathing 

C3.2 Strength for Shear Only 
C3.3 Strength for Combined Bending and Shear 
C3.4 Web Crippling Strength 
C3.5 Combined Bending and Web Crippling Strength 

C4 Concentrically Loaded Compression Members 
C4.1 Sections Not Subject to Torsional or Torsional-Flexural Buckling 
C4.2 Doubly- or Singly-Symmetric Sections Subject to Torsional or 

Torsional-Flexural Buckling 
C4.3 Nonsymmetric Sections 

C5 Combined Axial Load and Bending 
C6 Cylindrical Tubular Members 

C6.1 Bending 
C6.2 Compression 
C6.3 Combined Bending and Compression 

D. STRUCTURAL ASSEMBLIES 
D 1 Built-Up Sections 

D 1.1 !-Sections Composed of Two Channels 
D 1.2 Spacing of Connections in Compression Elements 

D2 Mixed Systems 
D3 Lateral Bracing 

D3.1 Symmetrical Beams and Columns 
D3.2 Channel-Section and Z-Section Beams 

D3.2.1 Anchorage of Bracing for Roof Systems Under Gravity Load With 
Top Flange Connected to Sheathing 

D3.2.2 Neither Flange Connected to Sheathing 
D3.3 Laterally Unbraced Box Beams 

D4 Wall Studs and Wall Stud Assemblies 
D4.1 Wall Studs in Compression 
D4.2 Wall Studs in Bending 
D4.3 Wall Studs with Combined Axial Load and Bending 

D5 Floor, Roof or Wall Steel Diaphragm Construction 
E. CONNECTIONS AND JOINTS 

E 1 General Provisions 
E2 Welded Connections 

E2.1 Groove Welds in Butt Joints 
E2.2 Arc Spot Welds 
E2.3 Arc Seam Welds 
E2.4 Fillet Welds 
E2.5 Flare Groove Welds 
E2.6 Resistance Welds 

E3 Bolted Connections 
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E3.1 Spacing and Edge Distance 
E3.2 Tension in Connected Part 
E3.3 Bearing 
E3.4 Shear and Tension in Bolts 

E4 Shear Rupture 
ES Connections to Other Materials 

ES.l Bearing 
E5.2 Tension 
E5.3 Shear 

F. TESTS FOR SPECIAL CASES 
Fl Tests for Determining Structural Performance 
F2 Tests for Confirming Structural Performance 
F3 Tests for Determining Mechanical Properties 

F3.1 Full Section 
F3.2 Flat Elements of Formed Sections 
F3.3 Virgin Steel 

SYMBOLS AND DEFINITIONS 
Symbol Definition 
A Full unreduced cross-sectional area 

of the member 
A Contact area 
Ab b 1 t + As, for transverse stiffeners at 

interior support and under concentrated load, 
and b2t + As, for transverse stiffeners at end support 

Ac 18t2 +As, for transverse stiffeners at interior 
supyort and under concentrated load, and 
I Ot + As, for transverse stiffeners at end support 

Ae Effective area at the stress Fn 
An Net area of cross section 
As Cross-sectional area of transverse 

stiffeners 
A' s Effective area of stiffener 
Ast Gross area of shear stiffener 
Awn Net web area 
A, Bearing area 
A2 Full cross-sectional area of concrete support 
a Shear panel length of the unreinforced web 

element. For a reinforced web element, the 
distance between transverse stiffeners 

a Lateral deflection of the compression 
flange at assumed load, q 

a Length of bracing interval 
B Stud spacing 
Be Term for determining the tensile yield 

point of comers 
b Effective design width of compression 

element 

b Overall width of compression 
flange, C or Z 
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Section 
C3.1.1, C3. l .2, 
C4, C6.2, D:l.l 
ES.l 
B6.1, E3.4 

B6.1 

C4, C6.2, D4.1 
C2, E3.2 
B4, B4.1, 
B4.2, B6.1 
B4, B4.1, B:l.2 
B6.2 
E4 
ES.l 
ES.l 
B6.2, C3.2, 
D3.2 

C3.1.3 

D3.2 
D4, D4.1 
A5.2.2 

B2.1, B2.2, 
B2.3, B3.1, 
B3.2, B4.1, 
B4.2, BS 
D3.2.1 
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Effective widths for deflection 
calculations 
Effective design width of sub-element 
or element 
See Figure B4.1 
For flexural members, ratio of the total 
corner cross-sectional area of the 
controlling flange to the full cross­
sectional area of the controlling flange 
Bending coefficient dependent on 
moment gradient 
End moment coefficient in interaction 
formula 
Coefficient for lateral bracing of C­
and Z-section 

Cmx• CmyEnd moment coefficient in interaction formula 
Cs Coefficient for lateral torsional buckling 
CTF End moment coefficient in interaction 

Cth• Ctr 

Cv 
Cw 
Cy 
Co 
Ct 

c2 
c 

Cf 

D 
D 
D 
D 
Do 
d 

d 
d 
d 
da 

formula 
Coefficient for lateral bracing of C- and Z-sections 
Shear stiffener coefficient 
Torsional warping constant of the cross-section 
Compression strain factor 
Initial column imperfection 
Term used to compute shear strain in wall board 
Coefficient as defined in Figure B4-2 
Distance from the neutral axis to the 
extreme fiber of untwisted section 
Amount of curling 
Outside diameter of cylindrical tube 
Dead load, includes weight of the test specimen 
Overall depth of lip 
Shear stiffener coefficient 
Initial column imperfection 
Depth of section 

Width of arc seam weld 
Visible diameter of outer surface of arc spot weld 
Diameter of bolt 
Average diameter of the arc spot weld 
at mid-thickness of t 
Average width of seam weld 
Effective diameter of fused area 
Effective width of arc seam weld at 
fused surfaces 
Diameter of standard hole 
Reduced effective width of stiffener 
Actual effective width of stiffener 

CHAP. 22, DIV. V 
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B2.1, B2.2 

Al.2, E:2.3, BS 

B4, B4.1, BS 
A5.2.2 

C3.1.1 

cs 

D3.2.1 

cs 
C3.1.1 
C3.1.1 

D3.2.1. 
B6.2 
C3.1.1 
C3.1.1 
D4.1 
B4, B4.1, D4.2 
B4, B4.2 
C3.1.3 

Bl.lb 
C6.1, C6.2, D4.2 
Fl 
Bl.l, B4, Dl.l 
B6.2 
D4.1 
Bl.lb, B4, 
C3.1.1, C3.1.3, 
Dl.l, D3.2.1, 
D4, D4.1, E3.4 
E2.3 
E2.2 
E3, E3.1, E3.2 
E2.2 

E2.3 
E2.2 
E2, E2.3 

B2.2, E3.1, E4 
B4, B4.2 
B4, BLf.2 
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dwc 
E 

em in 

em in 
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Coped web depth 
Modulus of elasticity of steel (29,500 ksi) 
(203 395 MPa) 

Initial column imperfection; a measure 
of the initial twist of the stud from the 
initial, ideal, unbuckled location 
Term used to compute shear strain in wallboard 
Inelastic modulus of elasticity 
Minimum allowable distance measured in the line 
of force from the centerline of a weld to the nearest 
edge of an adjacent weld or to the end of the connected 
part which the force is directed 
The distance e measured in the line of force from 
the center of a standard hole to the nearest edge of an 
adjacent hole or to the end of the connected part toward 
which the force is directed 
Yield strain = FyiE 
Dead load factor 
Elastic buckling stress 

Live load factor 
Nominal buckling stress 
Allowable bearing stress 
Yield point as specified in Sections A3.1 
or A3.2 
Nominal tension stress limit on net section 
Allowable tension stress for bolts subject 
to combination of shear and tension 
Tensile strength as specified in Sections 
A3.1 or A3.2, or as reduced for low 
ductility steel 

Ultimate tensile strength of virgin steel 
specified by Section A3 or established in 
accordance with Section F3.3 
Allowable shear stress on the gross area of a bolt 
Yield point for design of transverse stiffeners 
Strength level designation in A WS 
electrode classification 
Yield point used for design, not to exceed 
the specified yield point or established in 
accordance with Section F3, or as 
increased for cold work of forming in 
Section A5.5.2 or as reduced for low 
ductility steels in Section A3.3.2 

E4 
Bl.lb, B2.1. 
B6.1, C3.l.l, 
C3.1.3, C3.::, 
C3.5.2, C4, 
C4.1, C5, 05.1, 
Dl.2, D4.1, 
D4.2, E2.2 
D4.1 

D4.1 
D4.1 
E2.2 

E3.1 

C3.1.1 
Fl 
C4, C4.1, C4.2, 
C4.3, C6.2, 
D4.1 
Fl 
C4, C6.2, D4.2 
E3.3, E5.1 
A3.3.2, E2.2, 
E3.1, E3.2 
E3.2, E3.4 
E3.4 

A3.3, A3.3.2, 
E2.2, E2.3, 
E2.4, E2.5, 
E3.1, E3.2, 
E3.3, E4 
A5.2.2, E2.l 

E3.4 
B6.1 
E2.2, E2.3, 
E2.4, E2.5 
Al.2, A3.3, 
A5.2.1, A5.2.2, 
B2.1, BS, B6.1, 
C2, C3.1, 
C3.1.1, C3.1.3, 
C3.2, C3.5.2, 
C4, C6.1, C6.2, 
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Dl.2, D4, D4.2, 
E2 

Fya Average yield point of section AS.2.2 
Fyc Tensile yield point of corners AS.2.2 
Fyr Weighted average tensile yield point of F3.2, AS.2.2 

the flat portions 
Fys Yield point of stiffener steel B6.1 
Fyv Tensile yield point of virgin steel AS.2.2 

specified by Section A3 or established in 
accordance with Section F3.3 

f Stress in the compression element B2.1, B2.2, 
computed on the basis of the effective B3.2, B4, B4.1 
design width 

fav Average computed stress in the full, Bl.lb 
unreduced flange width 

fb Maximum bending stress equal to the C3.1.3 
bending moment divided by appropriate 
section modulus of member 

fc Computed stress at design load in the Dl.2 
cover plate or sheet 

f'c Specified compression stress of concrete ES.l 
fd Computed compressive stress in the B2.1, B2.2, 

element being considered. Calculations B3.1, B4.1, 
are based on the effective section at the B4.2 
load for which deflections are determined 

fdt· fd2 Computed stresses ft and f2 as shown in B2.3 
Figure B2.3-l. Calculations are based on 
the effective section at the load for which 
deflections are determined 

fd3 Computed stress f3 in edge stiffener, as B3.2 
shown in Figure B4-2. Calculations are 
based on the effective section at the load 
for which deflections are determined 

ft The computed maximum compressive C3.1.3 
stress due to twisting and lateral bending 

fv Computed shear stress on a bolt E4 
ft. f2 Web stresses defined by Figure B2.3-l B2.3 
f3 Edge stiffener stress defined by Figure B4.2 B3.2 
G Shear modulus for steel = 11 ,300 ksi (77 857 MPa) C3.1.1, D4.1 
G' Inelastic shear modulus D4.1 
g Vertical distance between two rows Dl.l 

of connections nearest to the top and 
bottom flanges 

h Depth of flat portion of web measured Bl.2, B6.2, 
along the plane of web C3.2, C3.4, 

C3.5.2 
Ia Adequate moment of inertia of stiffener Bl.l, B4, B4.1, 

so that each component will behave as a B4.2 
stiffened element 

lb Moment of inertia of the full unreduced cs 
section about the bending axis 

Io Moment of inertia of effective section C3.1.3 
about its major axis 
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lye 

1 
j 

K 

kv 
L 

L 

L 
L 

L 

La 

M 
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Actual moment of inertia of the full 
stiffener about its own centroidal axis 
parallel to the element to be stiffened 
Moment of inertia of the full area of the 
multiple stiffened element, including the 
intermediate stiffeners. about its own 
centroidal axis parallel to the element 
to be stiffened 
Moment of inertia of the compression 
portion of a section about the centroidal 
axis of the entire section parallel to 
the web, using the full unreduced section 
Moment of inertia of full section about 
principal axis 
Product of inertia of full section about 
major and minor centroidal axes 
St. Venant torsion constant 
Section property for torsional-flexural 
buckling 
Effective length factor 

A constant 
Effective length factor in the plane of 
bending 
Effective length factor for torsion 
Effective length factor for bending about x-axis 
Effective length factor for bending about y-axis 
Plate buckling coefficient 

Shear buckling coefficient 
Full span for simple beams, distance between 
inflection points for continuous beams, twice the 
length of cantilever beams 
Length of seam weld not including the 
circular ends 
Length of fillet weld 
Unbraced length of member 

Live load 
Length of the portion of the span between 
supports where the flange that is not connected 
to the sheathing is in compression 
Length of transverse stiffener 
Unbraced length of compression member for torsion 
Unbraced length of compression member 
for bending about x-axis 
Unbraced length of compression member 
for bending about y-axis 
Applied bending moment 
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Bl.l, B4, BU. 
B4.2, BS 

BS 

C3.1.2 

D3.2.2, Dl.l 

D3.2.2, D4.1 

C3.1.1 
C3.1.1 

C3.1.3, C4, 
C4.1, CS 
D3.2.2 
cs 

C3.1.2 
C3.1.2 
C3.1.2 
B2.1, B2.3, 
B3.1, B3.2, B4 
B4.1, B4.2 
B6.2, C3.2 
B l.lc, D32.1 

E2.3 

E2.4,E2.5 
C3.1.2, C3.1.3, 
C4.1, Dl.l, D4, 
D4.1 
Fl 
C3.1.3 

B6.1 
C3.1.1 
C3.1.1 

C3.1.1 

C3.3, C3.5.1, 
C3.5.2 
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Ma Allowable bending moment permitted if C3.1, C3.3, 
bending stress only exists C3.5.1, C3.5.2, 

C6.1 
Max, May Allowable moments about the centroidal C5 

axes determined in accordance with 
Section C3 

Maxo• Allowable moments about the centroidal C3.3, C3.5 
Mayo axes determined in accordance with Section 3.1 

excluding the provisions of Section 3.1.2 
Me Critical moment C3.1.2 

Me Elastic critical moment C3.1.2 

Mn Nominal moment strength C3.1, C3.1.1, 
C3.1.2, C3.1.3, 
C6.1 

Mx.My Applied moments about the centroidal C5 
axes determined in accordance with Section C3 

My Moment causing a maximum strain of ey B2.l,C3.1 
M, Smaller end moment C3.1.1. C5 
M2 Larger end moment C3.1.1 C5 
m Distance from the shear center of one D3.2.2, Dl.l 

channel to the mid-plane of its web 
m 0.192 (Fuv!Fyv)- 0.068 A5.2.2 
N Actual length of bearing D3.6 
n Number of holes E4 
np Number of parallel purlin lines D3.2.1 
p Concentrated load or reaction C3.5 
p Applied axial load C5, DL..J 
p Force transmitted by bolt E3, E3.1 
p Force transmitted by weld E2, E2.2 
Pa Allowable concentrated load or reaction B6.1 

for one transverse stiffener 
Pao Allowable axial load determined in C5 

accordance with Section C4 for L = 0 
PL Force to be resisted by intermediate beam B3.2.2 

brace 
Pn Nominal axial strength of member C4, C6.2 
Pn Nominal strength of connection E2, E2.2, 

component E2.3, E2.4, E2.5 
Q Design shear rigidity for sheathing on D4.1 

both sides of the wall assembly 
q Uniformly distributed load in the plane of the web C3.1.3, Dl.l 
Qw Allowable uniform load C3.1.3 
q Design shear rigidity for sheathing per D4.1 

inch of stud spacing 
Qo Factor used to determine design shear rigidity D4.1 
Qu Maximum uniformly distributed load in C3.1.3 

the plane of the web 
R Inside bend radius A5.2.2, C3.4 
R Reduction Factor C3.1.3 
R Coefficient C4, C6.2 
R Required load-carrying capacity Fl 
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r 

r 

fey 

Sr 
Smax 

s 
s 

2-476 

Radius of gyration of full unreduced 
cross section 
Force transmitted by the bolt or bolts at 
the section considered, divided by the 
tension force in member at that section 
Radius of gyration of one channel about 
its centroidal axis parallel to web 
Polar radius of gyration of cross section 
about the shear center 

Radius of gyration of cross section 
about centroidal principal axis 
Radius of gyration of !-section about the 
axis perpendicular to the direction in which 
buckling would occur for the given conditions 
of end support and intermediate bracing 

1.28 jEji 
In-plane load-carrying capacity for diaphragms 
Elastic section modulus of the effective 
section calculated at a stress Mc/Sr in 
the extreme compression fiber 
Elastic section modulus of the effective 
section calculated with extreme 
compression or tension fiber at Fy 
Elastic section modulus of full unreduced 
section for the extreme compression fiber 
Nominal diaphragm shear strength 
Maximum permissible longitudinal 
spacing of welds or other connectors 
joining two channels to form an !-section 
Fastener spacing 
Spacing in line of stress of welds, rivets, 
or bolts connecting a compression coverplate 
or sheet to a non-integral stiffener or other element 
Weld spacing 
Allowable tensile strength 
Nominal tensile strength 
Strength of connection in tension 
Base steel thickness of any element 
or section 

Total thickness of the two welded sheets 
Thickness of thinnest connected part 
Equivalent thickness of a multiple­
stiffened element 
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C3.1.1, C4, 
C4.1 
E3.2 

Dl.l 

C3.1.1, C4.2, 
D4.1 

C3.1.1 

Dl.l 

B4, B4.1 
D5 
C3.1.1, C3.: .2, 
C4 

C3.1.1, C3.1.3 

C3.1.1, C3.1.2, 
C6.1 
D5 
Dl.l 

Dl.2, D4.1 
E3.2 

Dl.l 
C2 
C2 
Dl.l 
Al.2, A3.4, 
A5.2.1, Bl.l, 
B 1.1 b, B 1.2., 
B2.1, B4, B4.1, 
B4.2, B5, B6.1, 
C3.1.1., C3 1.3, 
C3.2, C3.4, 
C3.5.2, C4, 
C6.1, C6.2, 
Dl.2, D4, E2.4, 
E2.5 
E2.2 
E2.2, E3.1, E4 
B5, B6.1 
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w 

w 

Wf 

Wf 

W[, Wz 
X 

Xo 

y 

e 

Effective throat of weld 
Actual shear force 
Allowable shear force 
Total load supported by the purlin lines 
between adjacent supports, lbs. 
Flat width of element exclusive of radii 

Flat width of the beam flange which 
contacts the bearing plate 
Width of flange projection beyond the web or half 
the distance between webs for box- or U-type sections 
Projection of flanges from inside face of web 

Leg on weld 
Distance from concentrated load to brace 

Distance from shear center to centroid 
along the principal x-axis 
Yield point of web steel divided by yield 
point of stiffener steel 
Magnification factors 

Coefficient 
Actual shear strain in the sheathing 
Permissible shear strain of the sheathing 
Angle between web and bearing 
surface >45° but not more than 90° 
Angle between the vertical and the plane 
of the web of the Z-section, degrees 
Stress related to shear strain in sheathing 
Theoretical elastic buckling stress 
Torsional buckling stress 
Reduction factor 
Slenderness factors 
fz/f1 
Factor of safety for bearing 
Factor of safety for axial compression 

Factor of safety for sheet tearing 
Factor of safety for flexure 
Factor of safety for diaphragm shear 
Factor of safety for end crushing of 
transverse stiffener 
Factor of safety for tension on net section 
Factor of safety for shear rupture 
Factor of safety for welded connections 
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E2.4,E2.5 

C3.3 
B6.2, C'3.2, C3.3 

D3.2.1. 

A1.2, Bl.l, 
B2.1, E2.2, 
B3.1, E4, B4.1, 
B4.2, E·5, 
C3.1.1., C3.1.3, 
C4, D1.2 

C3.5 

Bl.l 

Dl.l 

E2.4 
D3.2 

C3.1.1 C4.2, 
D4.1 

B6.2 

C5 

C4.2, D4.1 
D4.1 
D4.1 
C3.4 

D3.2.1 

D4.1 
D4.1 
C3.1.1, C4.2, D4.1 
B2.1 
B2.1, C3.5 
B2.3 
E3.3 
B6.1, C4, C5, 
C6.2, D4.1 
E2.2, E3.1 
C3.l,C6.1 
D5 
B6.1 

C2,E1.2 
E4 
E2 
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A. GENERAL PROVISIONS 
A1 Limits of Applicability and Terms 

A1.1 Scope and Limits of Applicability 

1994 UNIFORM BUILDING CODE 

This Specification shall apply to the design of structural members cold-formed to shape from 
carbon or low-alloy steel sheet, strip, plate or bar not more than one inch in thickness and used for 
load-carrying purposes in buildings. It may also be used for structures other than bui !dings provided 
appropriate allowances are made for dynamic effects. Appendices to this Specification shall be 
considered as integral parts of the Specification. 

A1.2Terms 

Where the following terms appear in this Specification they shall have the meaning herein indi­
cated: 

(a) Stiffened or Partially Stiffened Compression Elements. A stiffened or partially stiffened com­
pression element is a flat compression element (i.e., a plane compression flange of a flexural 
member or a plane web or flange of a compression member) of which both edgt~s parallel to the 
direction of stress are stiffened either by a web, flange, stiffening lip, intermediate stiffener, or 
the like. 

(b) Unstiffened Compression Elements. An unstiffened compression element is a flat compression 
element which is stiffened at only one edge parallel to the direction of stress. 

(c) Multiple-Stiffened Elements. A multiple-stiffened element is an element that is stiffened be­
tween webs, or between a web and a stiffened edge, by means of intermediate >tiffeners which 
are parallel to the direction of stress. A sub-element is the portion between adjacent stiffeners or 
between web and intermediate stiffener or between edge and intermediate stiffener. 

(d) Flat- Width-to-Thickness Ratio. The flat width of an element measured along ils plane, divided 
by its thickness. 

(e) Effective Design Width. Where the flat width of an element is reduced for desi.5n purposes, the 
reduced design width is termed the effective width or effective design width. 

(f) Thickness. The thickness, t, of any element or section shall be the base steel thickness, exclusive 
of coatings. 

(g) Torsional-Flexural Buckling. Torsional-flexural buckling is a mode of buckling in which com­
pression members can bend and twist simultaneously. 

(h) Point-Symmetric Section. A point-symmetric section is a section symmetrical about a point 
(centroid) such as a Z-section having equal flanges. 

(i) Yield Point. Yield point, Fy or Fsy• as used in this Specification shall mean yield point or yield 
strength. 

(j) Stress. Stress as used in this Specification means force per unit area. 

(k) Confirmatory Test. A confirmatory test is a test made, when desired, on members, connections, 
and assemblies designed according to the provisions of Sections A through E of this Specifica­
tion or its specific references, in order to compare actual versus calculated performance. 

(I) Performance Test. A performance test is a test made on structural members, (Onnections, and 
assemblies whose performance cannot be determined by the provisions of Sections A through E 
of this Specification or its specific references. 

(m) Virgin Steel. Virgin steel refers to steel as received from the steel producer or warehouse before 
being cold worked as a result of fabricating operations. 

(n) Virgin Steel Properties. Virgin steel properties refer to mechanical properties of virgin steel 
such as yield point, tensile strength, and elongation. 
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(o) Specified Minimum Yield Point. The specified minimum yield point is the lower limit of yield 
point which must be equaled or exceeded in a specification test to qualify a lot of steel for use in 
a cold-formed steel structural member designed at that yield point. 

(p) Cold-Formed Steel Structural Members. Cold-formed steel structural :nembers are shapes 
which are manufactured by press-braking blanks sheared from sheets, cut lengths of coils or 
plates, or by roll forming cold- or hot-rolled coils or sheets; both forming operations being per­
formed at ambient room temperature, that is, without manifest addition of heat such as would be 
required for hot forming. 

A 1.3 Units of Symbols and Terms 
The Specification is written so that any compatible system of units may be used except where 

explicitly stated otherwise in the text of these provisions. 

A2 Non-Conforming Shapes and Construction 
The provisions of the Specification are not intended to prevent the use of alternate shapes or con­

structions not specifically prescribed herein. Such alternates shall meet the provisions of Section F 
of the Specification and be approved by the appropriate building code authority. 

A3 Material 

A3.1 Applicable Steels 
This Specification requires the use of steel of structural quality as defined in general by the provi­

sions of the following specifications of the American Society for Testing anj Materials: 

A36/A36M, A242/A242M, A441M, A446/A446M, A500, A529/A529M, A570/A570M, 
A572/ A572M, A588/ A588M, A606, A607, A611, A 715 and A 792. 

A3.2 Other Steels 
The listing in Section A3.1 does not exclude the use of steel up to and including one inch in thick­

ness ordered or produced to other than the listed specifications provided such steel conforms to the 
chemical and mechanical requirements of one of the listed specifications or other published specifi­
cation which establishes its properties and suitability, and provided it is subje,ted by either the pro­
ducer or the purchaser to analyses, tests and other controls to the extent and in the manner prescribed 
by one of the listed specifications and Section A3.3. 

A3.3 Ductility 
Steels not listed in Section A3.1 and used for structural members and conrtections shall comply 

with one of the following ductility requirements: 

A3.3.1 The ratio of tensile strength to yield point shall not be less than 1.08, artd the total elongation 
shall not be less than 10 percent for a two-inch (51 mm) gage length or 7 percent for an eight-inch 
(203 mm) gage length standard specimen tested in accordance with ASTM A370. If these require­
ments cannot be met, the following criteria shall be satisfied: (1) local elongatton in a 1/2 inch (12.7 
mm) gage length across the fracture shall not be less than 20%, (2) uniform elongation outside the 
fracture shall not be less than 3%. When material ductility is determined on the basis of the local and 
uniform elongation criteria, the use of such material is restricted to the design of purlins and girts* 
in accordance with Sections C3.1.1 (a), C3.1.2, and C3.1.3. For purlins and girts subject to com­
bined axial load and bending moment (Section C5), PIP a shall not exceed 0.15. The provisions of 
Chapters B through E of this Specification are limited to steels conforming t'J these requirements. 

A3.3.2 Steels conforming to A446 Grade E and A611 Grade E and other steds which do not meet 
the provisions of Section A3.3.1 may be used for particular configurations provided (1) the yield 
strength, Fy, used for design in Chapters B, C and D is taken as 75 percent of the specified minimum 
yield point or 60 ksi (413.7 MPa), whichever is less and (2) the tensile strength, Fu, used for design 

* Horizontal structural members which support roof deck or panel covering and applied loads principally by bending. 
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in Chapter E is taken as 75 percent of the specified minimum tensile stress or 62 ksi (427.5 MPa), 
whichever is less. Alternatively, the suitability of such steels for the configuration :;hall be demon­
strated by load tests in accordance with Section Fl. Allowable loads based on these tests shall not 
exceed the loads calculated according to Chapters B through E, using the specified minimum yield 
point, Fsy• for Fy and the specified minimum tensile strength, Fu. 

Allowable loads based on existing use shall not exceed the loads calculated according to Chap­
ters B through E, using the specified minimum yield point, Fsy. for Fy and the specified minimum 
tensile strength, Fu. 

A3.4 Delivered Minimum Thickness 
The uncoated minimum steel thickness of the cold-formed product as delivered to the job site 

shall not at any location be less than 95 percent of the thickness, t, used in its design; however, thick­
nesses may be less at bends, such as comers, due to cold-forming effects. 

A4 Loads 

A4.1 Dead Load 
(Deleted per Section 2229.) 

A4.2 Live Load 
(Deleted per Section 2229.) 

A4.3 Impact Load 
For structures carrying live loads which induce impact, the assumed live load stall be increased 

sufficiently to provide for impact. 

A4.4 Wind or Earthquake Loads 
(Modified see Section 2229.) 

A4.5 Ponding 
Unless a roof surface is provided with sufficient slope toward points of free drair age or adequate 

individual drains to prevent the accumulation of rainwater, the roof system shall be investigated by 
rational analysis to assure stability under ponding conditions. 

AS Structural Analysis and Design 

A5.1 Design Basis 
This Specification is based upon the allowable stress concept presented in tenns of allowable 

moments and loads. The allowable moments and loads are determined by dividing the correspond­
ing nominal capacities by an accepted factor of safety. 

A5.2 Yield Point and Strength Increase from Cold Work of Forming 

A5.2.1 Yield Point 
The yield point used in design, Fy. shall not exceed the specified minimum yield point of steels as 

listed in Section A3.1 or A3.2, as established in accordance with Chapter F, or as increased for cold 
work of forming in Section A5.2.2, or as reduced for low ductility steels in Section A3.3.2. 

A5.2.2Strength Increase from Cold Work of Forming 
Strength increase from cold work of forming may be obtained by substituting Pya for Fy. where 

Fya is the average yield point of the full section. Such increase shall be limited to Sections C3.1 
(excluding Section C3.l.l(b)), C4, C5, C6 and D4. The limitations and methods for determining 
Fya are as follows: 

(a) For axially loaded compression members and flexural members whose proportions are such 
that the quantity p is unity as determined according to Section B2 for each of the component 
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elements of the section, the design yield stress, Fya• of the steel shall be de :ermined on the basis 
of one of the following methods: 

(1 )full section tensile tests [see paragraph (a) of Section F3.1] 

(2)stub column tests [see paragraph (b) of Section F3.1] 

(3)computed as follows: 

Fya = CFyc + ( 1-C) Fyf 

WHERE: 
(Eq. A5.2.2-1) 

Fya = Average tensile yield point of the steel in the full flange sections of flexural members 
C = For compression members, ratio of the total comer cross-sectional area to the total 

cross-sectional area of the full section; for flexural members, ratio of the total comer 
cross-sectional area of the controlling flange to the full cross-sectional area of the control­
ling flange 

Fyf = Weighted average tensile yield point of the flat portions established in accordance with 
Section F3.2 or virgin yield point if tests are not made 

Fyc = BcFyvi(R/t)m, tensile yield point of comers (Eq. A5.2.2-2) 
WHEN: 

Fuv!Fyv > 1.2, R/t < 7, minimum included angle< 120° 
Be = 3.69 (Fuv!Fyv)-0.819 (Fuv!Fyv)2 -1.79 
m = 0.192 (Fuv!Fyv)-0.068 
R = Inside bend radius 

(Eq. A5.2.2-3) 
(Eq. A5.2.2-4) 

Fyv = Tensile yield point of virgin steel** specified by Section A3 or established in accordance 
with Section F3.3 

Fuv = Ultimate tensile strength of virgin steel** specified by Section A3 or established in accor­
dance with Section F3.3 

(b) For axially loaded tension members the yield point of the steel shall be :Jetermined by either 
method (1) or method (3) prescribed in paragraph (a) of this Section. 

(c) The effect of any welding on mechanical properties of a member shall he determined on the 
basis of tests of full section specimens containing within the gage length, such welding as the 
manufacturer intends to use. Any necessary allowance for such effect shall be made in the struc­
tural use of the member. 

A5.3 Serviceability and Durability 
A structure shall be designed to perform its required functions during its expected life, including 

serviceability and durability considerations. 

A6 Reference Documents 
See Part I for modifications to this section. 

This Specification recognizes other published and latest approved specifications and manuals for 
designs contemplated herein, as follows: 

• American National Standards Institute, ANSI A58.1-1982, "Minimum Design Loads in Build­
ings and Other Structures," American National Standards Institute, Inc. (ANSI), 1430 Broad­
way, New York, New York 10018 

• American Institute of Steel Construction, "Specification for the Design, Fabrication and Erec­
tion of Structural Steel for Buildings," American Institute of Steel Consl.ruction (AISC), One 
East Wacker Drive, Chicago, Illinois 60601, November 1, 1978 

• American Welding Society, AWS D1.3-81, "Structural Welding Code-Sheet Steel," American 
Welding Society (AWS), 550 N.W. LeJeune Road, Miami, Florida 33126 

** Virgin steel refers to the condition (i.e., coiled or straight) of the steel prior to the cold-forming operation. 
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• Research Council on Structural Connections, Allowable Stress Design, "Specification for 
Structural Joints Using ASTM A325 or A490 Bolts," Research Council on Stmctural Connec­
tions (RCSC), American Institute of Steel Construction (AISC), One East Wacker Drive, Chica­
go, Illinois 60601, November 13, 1985. 

• Metal Building Manufacturers Association, Low Rise Building Systems Manual, Metal Building 
Manufacturers Association (MBMA), 1230 Keith Building, Cleveland, Ohio •·4115, 1986 

• Steel Deck Institute, "Design Manual for Composite Decks, Formed Decks, and Roof Decks," 
Steel Deck Institute, Inc. (SDI), P.O. Box 9506, Canton, Ohio 44711, 1984 

• Steel Joist Institute, "Standard Specifications Load Tables and Weight Tables for Steel Joists and 
Joist Girders," Steel Joist Institute (SJI), Suite A, 1205 48th Avenue North, Myrtle Beach, South 
Carolina 29577, 1986 

• Rack Manufacturers Institute, "Specification for the Design, Testing and Utili:~ation of Indus­
trial Steel Storage Racks," Rack Manufacturers Institute (RMI), 8720 Red Oak Boulevard, Suite 
201, Charlotte, North Carolina 28210, 1985 

• American Iron and Steel Institute, "Stainless Steel Cold-Formed Structural Design Manual," 
1974 Edition, American Iron and Steel Institute (AISI), 1133 15th Street, N.W, Washington, 
D.C. 20005 

• American Society of Civil Engineers, "ASCE Standard, Specification for the Design and Con­
struction of Composite Slabs, "American Society of Civil Engineers (ASCE), 345 East 47th 
Street, New York, New York 10017, October, 1984 

• American Iron and Steel Institute, ''Tentative Criteria for Structural Applicatio:1s of Steel Tub­
ing and Pipe," American Iron and Steel Institute (AISI), 1133 15th Street, N.W., Washington, 
D.C. 20005, August, 1976 

In addition to the above references this Specification recognizes the following st2.ndards from the 
American Society for Testing and Materials (ASTM), 1916 Race Street, Philadelphia, Pennsylva­
nia 19013: 

ASTM A36/A36M-84a, Structural Steel 
ASTM A194-88, Carbon and Alloy Steel Nuts for Bolts for High-Pressure and High-Tempera-

ture Service 
ASTM A242/A242M-85, High-Strength Low-Alloy Structural Steel 
ASTM A307-84 (Type A), Carbon Steel Externally and Internally Threaded St2.ndard Fasteners 
ASTM A325-84, High Strength Bolts for Structural Steel Joints 
ASTM A354-84 (Grade BD), Quenched and Tempered Alloy Steel Bolts, Stud:;, and Other Ex-

ternally Threaded Fasteners (for diameter of bolt smaller than 1/z inch) 
ASTM A370-77E Mechanical Testing of Steel Products 
ASTM A441M-85, High-Strength Low-Alloy Structural Manganese Vanadium Steel 
ASTM A446/A446M-85 (Grades A, B, C, D, & F) Steel, Sheet, Zinc-Coated !Galvanized) by 

the Hot-Dip Process, Structural (Physical) Quality 
ASTM A449-84a, Quenched and Tempered Steel Bolts and Studs (for diameter of bolt smaller 

than 1/2 inch) 
ASTM A490-84, Quenched and Tempered Alloy Steel Bolts for Structural Steel Joints 
ASTM A500-84, Cold-Formed Welded and Seamless Carbon Steel Structural T .1bing in Rounds 

and Shapes 
ASTM A529/A529M-85, Structural Steel with 42 ksi Minimum Yield Point (112 in. Maximum 

Thickness) 
ASTM A563-88a, Carbon and Alloy Steel Nuts 
ASTM A570/A570M-85 Steel, Sheet and Strip, Carbon, Hot-Rolled, Structural Quality 
ASTM A572/ A572M-85, High-Strength Low-Alloy Columbium-Vanadium Steels of Structur-

al Quality 
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ASTM A588/A588M-85, High-Strength Low-Alloy Structural Steel with 50 ksi Minimum 
Yield Point to 4 in. Thick 

ASTM A606-85 Steel, Sheet and Strip, High Strength, Low Alloy, Hot-Rolled and Cold-Rolled, 
with Improved Atmospheric Corrosion Resistance 

ASTM A607-85 Steel Sheet and Strip, High Strength, Low Alloy, Columbium or Vanadium, or 
both, Hot-Rolled and Cold-Rolled 

ASTM A611-85 (Grades A, B, C, & D) Steel, Sheet, Carbon, Cold-Rolled, Structural Quality 
ASTM A715-85 (Grades 50 & 60) Sheet Steel and Strip, High-S1rength, Low-Alloy, 

Hot-Rolled, With Improved Formability 
ASTM A792-85a (Grades 33, 37,40 & 50) Steel Sheet, Aluminum-Zinc Alloy-Coated by the 

Hot-Dip Process, General Requirements 
ASTM F436-86, Hardened Steel Washers 
ASTM F844-83(1988), Washers, Steel, Plain (Flat), Unhardened for General Use 
ASTM F959-85, Compressible Washer-Type Direct Tension Indicators for Use with Structural 

Fasteners 

B. ELEMENTS 
81 Dimensional Limits and Considerations 

81.1 Flange Flat-Width-to-Thickness Considerations 
(a) Maximum Flat-Width-to-Thickness Ratios 

Maximum allowable overall flat-width-to-thickness ratios, w/t, disregarding intermediate 
stiffeners and taking as t the actual thickness of the element, shall be as follows: 

(1) Stiffened compression element having one longitudinal edge connected to a web or flange 
element, the other stiffened by: 

Simple lip 60 

Any other kind of stiffener having Is > Ia and D/w < 0.8 
according to Section B4.2 

(2) Stiffened compression element with both longitudinal 
edges connected to other stiffened elements 

(3) Unstiffened compression element and elements with 
an edge stiffener having Is < Ia and D/w :5 0.8 according 

90 

500 

to Section B4.2 60 

Note: Unstiffened compression elements that have w/t ratios exceeding approximately 30 
and stiffened compression elements that have w/t ratios exceeding approximately 250 
are likely to develop noticeable deformation at the full allowabk load, without affect­
ing the ability of the member to carry design loads. 

Stiffened elements having w/t ratios larger than 500 may be used with safety to 
support loads, but substantial deformation of such elements under load may occur and 
may render inapplicable the design formulas of this Specificat ton. 

(b) Flange Curling 
Where the flange of a flexural member is unusually wide and it is desired :o limit the maximum 
amount of curling or movement of the flange toward the neutral axis, the following formula 
applies to compression and tension flanges, either stiffened or unstiffened: 

wr = jo.061tdE/f •• - iooocrfd) 

For SI: X 25.4 for mm 

WHERE: 

(Eq. B 1.1-1) 

Wf = Width of flange projecting beyond the web; or half of the distance b!tween webs for box­
or U-type beams 
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t = Flange thickness 
d = Depth of beam 

Cf = Amount of curling 
fav = Average stress in the full, unreduced flange width. (Where members are designed by the 

effective design width procedure, the average stress equals the maximum !.tress multiplied 
by the ratio of the effective design width to the actual width.) 

(c) Shear Lag Effects-Unusually Short Spans Supporting Concentrated Loads 
Where the span of the beam is less than 30wf(Wf as defined below) and it carries one concen­
trated load, or several loads spaced farther apart than 2wf, the effective design width of any 
flange, whether in tension or compression, shall be limited to the following: 

Llwr 

30 
25 
20 
18 
16 

WHERE: 

TABLE B1.1 
SHORT, WIDE FLANGES MAXIMUM ALLOWABLE RATIO OF 

EFFECTIVE DESIGN WIDTH TO ACTUAL WIDTH 

Ratio Llwr 

1.00 14 
0.96 12 
0.91 10 
0.89 8 
0.86 6 

Ratio 

0.82 
0.78 
0.73 
0.67 
0.55 

L = Full span for simple beams; or the distance between inflection points for continuous 
beams; or twice the length of cantilever beams. 

Wf = Width of flange projection beyond the web forI-beam and similar sections or half the dis­
tance between webs of box or U-type sections. 

For flanges of !-beams and similar sections stiffened by lips at the outer edges, Wf shall be taken 
as the sum of the flange projection beyond the web plus the depth of the lip. 

81.2 Maximum Web Depth-to-Thickness Ratio 
The ratio, h/t, of the webs of flexural members shall not exceed the following limitations: 

(a) For unreinforced webs: (hlt)max = 200 

(b) For webs which are provided with transverse stiffeners satisfying the requirements of Section 
B6.1: 

(1) When using bearing stiffeners only, (h/t)max = 260 

(2) When using bearing stiffeners and intermediate stiffeners, 
(hlt)max = 300 

In the above, 
h = Depth of flat portion of web measured along the plane of web 
t = Web thickness 
Where a web consists of two or more sheets, the h/t ratio shall be computed for the individu­
al sheets. 

82 Effective Widths of Stiffened Elements 

82.1 Uniformly Compressed Stiffened Elements 

(a) Load Capacity Determination 
The effective widths, b, of uniformly compressed elements shall be determined from the fol­
lowing formulas: 
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b = w when A 5 0.673 

b = pw when A> 0.673 

WHERE: 
w = Flat width as shown in Figure B2.1 

p = (1-0.22/A )/A 
A is a slenderness factor determined as follows: 

f... = 1.052 ('!!.) fi_ 
jk t yE 

WHERE: 
f for load capacity determination is as follows: 

For flexural members: 

CHAP. 22, DIV. V 
2230 

(Eq. B2.1-l) 

(Eq. B2.1-2) 

(Eq. B2.1-3) 

(Eq. B2.1-4) 

(1) If Procedure I of Section C3.1.1 is used, f = Fy if the initial yielding is n compression in the 
element considered. 

If the initial yielding is in tension, the compressive stress, f, in the element considered 
shall be determined on the basis of the effective section at My (moment causing initial 
yield). 

(2) If Procedure II of Section C3.1.1 is used then f is the stress in the elerr.ent considered at Mn 
determined on the basis of the effective section. 

(3) If Section C3.1.2. is used, then f = ~; as described in that Section in determing Sc. 

For compression members f is taken equal to Fn as determined in Section C4 or D4 as applica­
ble. 

E 

k = 
Modulus of elasticity 

Plate buckling coefficient 

4 for stiffened elements supported by a web on each longitudinal edge. Values for 
different types of elements are given in the applicable sections. 

(b) Deflection Determination 
The effective widths, bct, used in computing deflections shall be determim:d from the following 
formulas: 

bct = w when A 5 0.673 

bct = pw when A > 0.673 

WHERE: 
w = Flat width 
p = Reduction factor determined by either of the following two procedures: 

(1) Procedure I. 

(Eq. B2.1-5) 

(Eq. B2.1-6) 

A low estimate of the effective width may be obtained from Eqs. B2.1-3 and B2.1-4 where fct is 
substituted for f where fct is the computed compressive stress in the elem;!nt being considered. 

(2) Procedure II. 
For stiffened elements supported by a web on each longitudinal edge an improved estimate of 
the effective width can be obtained by calculating p as follows: 
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p = I when ').. :::; 0.673 

p = (1.358-0.461/f... )//..when 0.673 < ').. < Ac 

p = (0.4I + 0.59 jFy/fd- 0.22/f...)/f... when f... ~ Ac 

p shall not exceed 1.0 for all cases. 

WHERE: 

f...c = 0.256 + 0.328 (w/t) jFy/E 

and ').. is as defined by Eq. B2.I-4 except that fd is substituted for f. 
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(Eq. B2.I-7) 

(Eq. B2.I-8) 

(Eq. B2.I-9) 

(Eq. B2.I-IO) 

82.2 Uniformly Compressed Stiffened Elements with Circular Holes 

(a) Load Capacity Determination 
The effective width, b, of stiffened elements with uniform compression having circular holes 
shall be determined as follows: 

for 0.50 ~ dh ~ 0, and w:::; 70 
w t 

center-to-center spacing of holes > 0.50w, and 3dh, 

b = w--dh when ').. :::; 0.673 (Eq. B2.2-I) 

[ 
(0.22) (0.8dh)] 

WI- -k-- -w-

b = A. when A. > 0.673 (Eq. B2.2-2) 

b shall not exceed w - dh 

WHERE: 
w = Flat width 

dh = Diameter of holes 

')..is as defined in Section B2.I. 

(b) Deflection Determination 
The effective width, bd, used in deflection calculations shall be equal to b determined in accor­
dance with Procedure I of Section B2.2a except that fd is substituted for f, where fd is the com­
puted compressive stress in the element being considered. 

82.3 Effective Width of Webs and Stiffened Elements with Stresn Gradient 

(a) Load Capacity Determination 
The effective widths, b1 and bz, as shown in Figure B2.3-I shall be determined from the follow­
ing formulas: 

b1 =be/(3- \jl) 

For \jl :::; - 0.236 

bz=be/2 

(Eq. B2.3-I) 

(Eq. B2.3-2) 

b1 + b2 shall not exceed the compression portion of the web calculated on the basis of effective 
section 

For \jl >- 0.236 

bz=be-bl 

WHERE: 

(Eq. B2.3-3) 

be = Effective width b determined in accordance with Section B2.I with f 1 substituted for f and 
with k determined as follows: 
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\jl = f2/f 1 
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(Eq. B2.3-4) 

f 1, f2 = Stresses shown in Figure B2.3-1 calculated on the basis of effective section. f 1 is compres­
sion(+) and f2 can be either tension(-) or compression. In case ft and f2 an: both compres­
sion, f1 ~ f2 

(b) Deflection Determination 
The effective widths in computing deflections at a given load shall be determined in accordance 
with Section B2.3a except that fctl and fct2 are substituted for f1 and f2, where fctl• fct2 =Com­
puted stresses f1 and f2 as shown in Figure B2.3-1. Calculations are based on the effective sec­
tion at the load for which deflections are determined. 

83 Effective Widths of Unstiffened Elements 

83.1 Uniformly Compressed Unstiffened Elements 

(a) Load Capacity Determination 
Effective widths, b, of unstiffened compression elements with uniform compression shall be 
determined in accordance with Section B2.1a with the exception that k shall be taken as 0.43 
and was defined in Figure B3.1-1. 

(b) Deflection Determination 
The effective widths used in computing deflections shall be determined in accordance with Pro­
cedure I of Section B 2.1 b except that fct is substituted for f and k = 0.43. 
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Actual Element 

Effective Elements and Stresses on 
Effective Elements 
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Figure 82.3-1 Stiffened Elements with Stress Gradient and Webs 
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I· w 

(I 

Actual Element 

~I 

Effective Element and Stress 
on Effective Element 

Figure 83.1-1 Unstiffened Element with Uniform Compressic'n 

83.2 Unstiffened Elements and Edge Stiffeners with Stress Gradient 

(a) Load Capacity Determination 
Effective widths, b, of unstiffened compression elements and edge stiffeners with stress gradi­
ent shall be determined in accordance with Section B2.l a with f = f3 as in Figure B4-2 in the 
element and k = 0.43. 

(b) Deflection Determination 
Effective widths, b, of unstiffened compression elements and edge stiffeners with stress gradi­
ent shall be determined in accordance with Procedure I Section B2.1 b except that fct3 is substi­
tuted for f and k = 0.43. 

84 Effective Widths of Elements with an Edge Stiffener or One Intermediate 
Stiffener 

The following notation is used in this section. 

s 
k 

bo 

d,w,D 

ds 

d' s 
c(, Cz 

As 

= 

1.28 jEji 
Buckling coefficient 

Dimension defined in Figure B4-1 

Dimensions defined in Figure B4-2 

Reduced effective width of the stiffener as specified in this section. d s. calculated ac­
cording to Section B4.2, is to be used in computing the overall effectivt: section proper­
ties (see Figure B4-2) 

Effective width of the stiffener calculated according to Section B3.1 ( >ee Figure B4-2) 

Coefficients defined in Figure B4-2 

Reduced area of the stiffener as specified in this section. As is to be used in computing 
the overall effective section properties. The centroid of the stiffener is to be considered 
located at the centroid of the full area of the stiffener, and the momem of inertia of the 
stiffener about its own centroidal axis shall be that of the full sectior of the stiffener. 

Ia = Adequate moment of inertia of stiffener, so that each component element will behave 
as a stiffened element. 

Is, A's = Moment of inertia of the full stiffener about its own centroidal axis parallel to the ele­
ment to be stiffened and the effective area of the stiffener, respectively. For edge stiff-
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eners the round comer between the stiffener and the element to be stiffened shall not be 
considered as a part of the stiffener. 

For the stiffener shown in Figure B4-2: 

(d3t sin29)/12 

d' st 

84.1 Uniformly Compressed Elements with an Intermediate Stiffuner 

(a) Load Capacity Determination 

Case 1: bolt ~ S 

Ia 0 (no intermediate stiffener needed) 
b = w 
As = A's 

Case II: S < boft < 3S 

laft4 = [SO(boft)/S]-50 
b and As shall be calculated according to Section B2.I a where 

k = 3(1slla) 112+ I ~ 4 
As= A's(lslla) ~ A's 

Case III: boft ;:::: 3S 

laft4 = [ 128(boft)/S]-285 
b and As are calculated according to Section B2.I a where 

k = 3(1slla) 113 + I ~ 4 
As = A's (lslla) ~ A's 

(b) Deflection Determination 

(Eq. B4-2) 

(Eq. B4-3) 

(Eq. B4.1-1) 

(Eq. B4.1-2) 
(Eq. B4.1-3) 
(Eq. B4.1-4) 

(Eq. B4.1-5) 

(Eq. B4.1-6) 

(Eq. B4.1-7) 
(Eq. B4.1-8) 

(Eq. B4.1-9) 

(Eq. B4.I-10) 
(Eq. B4.1-11) 

Effective widths shall be determined as in Section B4.Ia except that fd is substituted for f. 
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84.2 Uniformly Compressed Elements with an Edge Stiffener 
(a) Load Capacity Determination 

Case 1: w/t ~ S/3 

Ia = 0 (no edge stiffener needed) 
b = w 
ds = d's for simple lip stiffener 
As = A's for other stiffener shapes 

Case II: S/3 < w/t < S 

laft4 = 399{ [(w/t)/S]-0.33 }3 
n = 112 
C2 = Islla:::;; I 
c1 = 2-c2 
b shall be calculated according to Section B2.1 where 
k [4.82-5(D/w)](lsfla)n + 0.43 :::;; 5.25-5(D/w) 

for 0.8 <:: D/w > 0.25 
k = 3.57(Is1Ia)n + 0.43 ~ 4.0 

for (D/w) :::;; 0.25 
ds = d's (Islla) ~ d's 

for simple lip stiffener 
As= A's (Is/Ia) ~ A's 

for other stiffener shape 

Case III: w/t <:: S 

Ialt4 = [ 115 (w/t)/S] + 5 
C 1> C2, b, k, ds, As are calculated per Case ll with n = 113. 

(b) Deflection Determination 

CHAP. 22, DIV. V 
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(Eq. B4.2- I) 

(Eq. B4.2-2) 
(Eq. B4.2-3) 
(Eq. B4.2-4) 
(Eq. B4.2-5) 

(Eq. B4.2-6) 

(Eq. B4.2-7) 
(Eq. B4.2-8) 

(Eq. B4.2-9) 

(Eq. B4.2- 10) 

(Eq. B4.2-Il) 

(Eq. B4.2- I 2) 

(Eq. B4.2-I3) 

Effective widths shall be determined as in Section B4.2a except that fct is substituted for f. 
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85 Effective Widths of Edge Stiffened Elements with Intermediate Stiffeners or 
Stiffened Elements with More Than One Intermediate Stiffener 

For the determination of the effective width, the intermediate stiffener of an edge stiffened ele­
ment or the stiffeners of a stiffened element with more than one stiffener shall he disregarded unless 
each intermediate stiffener has the minimum Is as follows: 

WHERE: 

Imin = [3.66j(w/t)2
- (0.136E)/Fy]t4 

but not less than 18.4 t4 

w/t = Width-thickness ratio of the larger stiffened sub-element 

(Eq. BS-1) 

Is =Moment of inertia of the full stiffener about its own centroid axis p.lfallel to the element 
to be stiffened 

(a) If the spacing of intermediate stiffeners between two webs is such that for the sub-element be­
tween stiffeners b <was determined in Section B2.1, only two intermediate stiffeners (those 
nearest each web) shall be considered effective. 

(b) If the spacing of intermediate stiffeners between a web and an edge stiffener is such that for the 
sub-element between stiffeners b < w as determined in Section B2.1, o :1ly one intermediate 
stiffener, that nearest the web, shall be considered effective. 

(c) If intermediate stiffeners are spaced so closely that for the elements between stiffeners b =was 
determined in Section B2.1, all the stiffeners may be considered effective. In computing the 
flat-width to thickness ratio of the entire multiple-stiffened element, such ·~lement shall be con­
sidered as replaced by an "equivalent element" without intermediate sti:'feners whose width, 
b0 , is the full width between webs or from web to edge stiffener, and wh::>se equivalent thick­
ness, ts, is determined as follows: 

(Eq. BS-2) 

WHERE: 
Isr = Moment of inertia of the full area of the multiple-stiffened element, including the interme­

diate stiffeners, about its own centroidal axis. The moment of inertia of the entire section 
shall be calculated assuming the "equivalent element" to be located at the centroidal axis 
of the multiple stiffened element, including the intermediate stiffener. The actual extreme 
fiber distance shall be used in computing the section modulus. 

(d) If w/t > 60, the effective width, be, of the sub-element or element shall be determined from the 
following formula: 

~ b [w J T = T- 0.10 T- 60 (Eq. BS-3) 

WHERE: 
w/t = flat-width ratio of sub-element or element 

b = effective design width determined in accordance with the provision> of Section B2.1, in. 

be =effective design width of sub-element or element to be used in design computations, in. 

For computing the effective structural properties of a member having comFession sub-elements 
or element subject to the above reduction in effective width, the area of stiffeners (edge stiffener or 
intermediate stiffeners) shall be considered reduced to an effective area as follows: 

For 60 < w/t < 90: 

Aer= aAst (Eq. BS-4) 
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WHERE: 

(Eq. BS-4) 

For w/t ~ 90: 

Aer = (be/w) Ast (Eq. BS-6) 
In the above expressions, Aer and Ast refer only to the area of the stiffener section, exclusive of 

any portion of adjacent elements. 

The centroid of the stiffener is to be considered located at the centroid of the full area of the stiff­
ener, and the moment of inertia of the stiffener about its own centroidal axis shall b~ that of the full 
section of the stiffener. 

86 Stiffeners 

86.1 Transverse Stiffeners 
Transverse stiffeners attached to beam webs at points of concentrated loads or reactions, shall be 

designed as compression members. Concentrated loads or reactions shall be appl ed directly into 
the stiffeners, or each stiffener shall be fitted accurately to the flat portion of the flange to provide 
direct load bearing into the end of the stiffener. Means for shear transfer between the stiffener and 
the web shall be provided according to Chapter E. The concentrated loads or rea.ctions shall not 
exceed the smaller of the allowable loads, Pa, given by (a) and (b) as follows: 

(a)Pa = Pnlilst 
WHERE: 

Pn = FwyAc 

ilst= 2.00 
Ac = 18t2 + As, for transverse stiffeners at interior 

support and under concentrated load 

Ac = I Ot2 + As, for transverse stiffeners at end 
support 

Fwy= Lower value of beam web, Fy or stiffener section, Fys 

(b)Pa = Pnlilc 

WHERE: 

(Eq. B6.1-l) 

(Eq .B6.1-2) 

(Eq. B6.1-3) 

(Eq. B6.1-4) 

(Eq. B6.1-5) 

Pn = Nominal axial load evaluated according to Section C4(a) with Ae replaced by Ab 

ilc = Factor of safety for axial compression evaluated according to Section C4(a) 

Ab = b 1 t + As, for transverse stiffeners at interior support and under concen:rated 
load (Eq. B6.1-6) 

Ab = bzt +As, for transverse stiffeners at end 
support 

As = Cross sectional area of transverse stiffeners 

bt = 25t [0.0024(Lstlt) + 0.72] ~ 25t 

bz = 12t [0.0044(Ls1/t) + 0.83] ~ 12t 

Lst = Length of transverse stiffener 

= Base thickness of beam web 

(Eq. B6.1-7) 

(Eq. B6.1-8) 

(Eq. B6.1-9) 

The wits ratio for the stiffened and unstiffened elements of cold-formed steel transverse stiffeners 

shall not exceed 1.28 j(E/Fys) and 0.37 j(E/Fys) respectively, where Fys is the yield stress, Fy. and 
ts the thickness of the stiffener steel. 
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Where shear stiffeners are required, the spacing shall be such that the web shear force shall not 
exceed the allowable shear force, Va, permitted by Section C3.2, and the ratic' alh shall not exceed 
[260/(h/t)] 2 nor 3.0. 

The actual moment of inertia, 18, of a pair of attached shear stiffeners, or of a single shear stiffener, 
with reference to an axis in the plane of the web, shall have a minimum value of 

lsmin = 5ht3[hla-0.7(alh)] ~ (h/50)4 

The gross area of shear stiffeners shall be not less than 

A = 1 - Cv [~ - (a/h)2 ]YDht 
st 2 h (a/h) + j1 + (a/h)2 

WHERE: 
45,000kv 

Cv = F h/ 2 when Cv =:;; 0.8 y( t) 

C 
1.55Ekv 

For SI: v = F h/ 2 when Cv =:;; 0.8 y( t) 

C, ~ ~~? ( ~) whon C, > 0.8 

For SI: 1.12( ~) Cv = h/t V Fy when Cv > 0.8 

kv = 4.00 + 5/3h4 
2 when a/h =:;; 1.0 

(a ) 

kv = 5.34 + 4

1
·00h 2 when a/h > 1.0 

(a ) 

a Distance between transverse stiffeners 

y Yield point of web steel 
Yield point of stiffener steel 

D = 1.0 for stiffeners furnished in pairs 

D 1.8 for single-angle stiffeners 

D 2.4 for single-plate stiffeners 

t and h are as defined in Section B 1.2 

86.3 Non-Conforming Stiffeners 

(Eq. B6.2-1) 

(Eq. B6.2-2) 

(Eq. B6.2-3) 

(Eq. B6.2-4) 

(Eq. B6.2-5) 

(Eq. B6.2-6) 

The allowable load carrying capacity of members with transverse stiffener; that do not meet the 
requirements of Sections B6.1 or B6.2, such as stamped or rolled-in transverse stiffeners shall be 
determined by tests in accordance with Chapter F of this Specification. 

C. MEMBERS 

C1 Properties of Sections 
Properties of sections (cross-sectional area, moment of inertia, section modulus, radius of gyra­

tion, etc.) shall be determined in accordance with conventional methods of stmctural design. Prop-
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erties shall be based on the full cross section of the members (or net sections where the use of net 
section is applicable) except where the use of a reduced cross section, or effective design width, is 
required. 

C2 Tension Members 

For axially loaded tension members, the applied tensile force shall not exceed 1~ determined as 
follows: 

WHERE: 
T n = Strength of member when loaded in tension 

= AnFy 
Q 1 = Factor of safety for tension 

= 1.67 

An = Net area of the cross section 
Fy = Design yield stress as determined in Section A5.2.1 

C3 Flexural Members 

C3.1 Strength for Bending Only 

(£q.C2-1) 

(Eq. C2-2) 

In flexural members, the applied moment uncoupled from axial load, shear, ar.d local concen­
trated forces or reactions shall not exceed the allowable Ma calculated as follows: 

Ma = Mn/ilf (Eq. C3.1-l) 

WHERE: 
Mn = Smaller of the nominal moment strengths calculated according to Section!. C3.1.1, C3.1.2, 

and C3.1.3 
Qf = Factor of safety for bending 

= 1.67 

C3.1.1 Nominal Section Strength 

Section strength shall be calculated either on the basis of initiation of yielding in the effective 
section (Procedure I) or on the basis of the inelastic reserve capacity (Procedure II) as applicable. 

(a) Procedure 1-Based on Initiation of Yielding 
Effective yield moment based on section strength, Mn. shall be determined a> follows: 

Mn = SeFy (Eq. C3.1.1-1) 
WHERE: 

Fy = Design yield stress as determined in Section A5.2.1 
Se = Elastic section modulus of the effective section calculated with the extreme compression 

or tension fiber at Fy 
(b) Procedure 11-Based on Inelastic Reserve Capacity 

The inelastic flexural reserve capacity may be used when the following conditions are met: 

(1 )The member is not subject to twisting or to lateral, torsional, or torsional-fl ~xural buckling. 

(2)The effect of cold forming is not included in determining the yield point Fy. 

(3)The ratio of the depth of the compressed portion of the web to its thickness does not exceed 
A.t. 

(4)The shear force does not exceed 0.35Fy times the web area, h X t. 

(5)The angle between any web and the vertical does not exceed 30 degrees. 
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The nominal moment strength, Mn. shall not exceed either 1.25 SeFy determined according to 
Procedure I or that causing a maximum compression strain of Cyey (no ltmit is placed on the 
maximum tensile strain). 

WHERE: 
ey = Yield strain = Fy!E 

E = Modulus of elasticity 

Cy = Compression strain factor determined as follows: 

(a) Stiffened compression elements without intermediate stiffeners 
Cy = 3 for w/t :5 AJ 

Cy = 3- 2(~t:A~ 1 )forA 1 < fl.z 

Cy = 1 for w/t ~ A.2 

WHERE: 

A - __l_!l_ 
I - jFy/E 

(b) Unstiffened compression elements 
Cy = l 

(Eq. C3.1.1-2) 

(Eq. C3.1.1-3) 

(c) Multiple-stiffened compression elements and compression elements with edge stiffeners 
Cy = l 

When applicable, effective design widths defined in Section B3.l shall be used in calculating 
section properties. Mn shall be calculated considering equilibrium of stresses, assuming an ideally 
elastic-plastic stress-strain curve which is the same in tension as in compres>ion, assuming small 
deformation and assuming that plane sections remain plane during bending. Combined bending 
and web crippling shall be checked by provisions of Section C3.5. 

C3.1.2 Lateral Buckling Strength 

For the laterally unbraced segments of singly-, doubly-, and point-symmetric sections* subject to 
lateral buckling, Mn shall be determined as follows: 

Mn = ScMSc 
f 

WHERE: 

(Eq. C3.1.2-l) 

St = Elastic section modulus of the full unreduced section for the extreme compression fiber 
Sc = Elastic section modulus of the effective section calculated at a stress Me I St in the extreme 

compression fiber 
Me = Critical moment calculated according to (a) or (b) below: 

*The provisions of this Section apply to 1-, Z-, C- and other singly-symmetric section flexural members (not includ­
ing multiple-web deck, U- and closed box-type members, and curved or arch members). The provisions of this 
Section do not apply to laterally unbraced compression flanges of otherwise laterally stable sections. Refer to 
C3.1.3 for C- and Z-purlins in which the tension flange is attached to sheathing. 
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(a) For singly-, doubly-, and point-symmetric sections: 

For Me > 0.5My 

Me = My( 1 - 4~J (Eq. C3.1.2-2) 

For Me ~ 0.5My 

Me =Me 

WHERE: 

(Eq. C3.1.2-3) 

My Moment causing initial yield at the extreme compression fiber of the full section 

= SrFy (Eq.C3.1.2-4) 

Me = Elastic critical moment computed by the following equations: 

Cs 

Cs 

Oex 

<rex = 

<rt = 

A 

CbruA jocy01 (Eq. C3.1.2-5) 
for bending about the symmetry axis. For singly-symmetric sections, x-m~is is the axis of 
symmetry oriented such that the shear center has a negative x-coordinate. For point-sym­
metric sections, use 0.5 Me. 

Alternatively, Me can be calculated using the formula for doubly-symmetric !-sections or 
point-symmetric sections given in (b) below 

C.AocxU + C, )j 2 + r~(01/0cx)]/CTF (Eq. C3.1.2-6) 
for bending about the centroidal axis perpendicular to the symmetry axis for singly sym­
metric sections only 

+ 1 for moment causing compression on the shear center side of the centroid 

-1 for moment causing tension on the shear center side of the centroid 

n 2E <Eq. C3.1.2-7) 

<Eq. C3.1.2-8) 

1 [ n
2ECw] AZ GJ + (KL)2 ru 1 1 

~Eq. C3.1.2-9) 

Full cross-sectional area 

Cb Bending coefficient which can conservatively be taken as unity, or calculated from 

Cb = 1.75 + l.OS[(M1/M2)] + 0.3 [(M1/M2)]2 ~ 2.3 

WHERE: 
M 1 is the smaller and M2 the larger bending moment at the ends of the unbraced length, 
taken about the strong axis of the member, and where M1/M2, the ratio of end moments, is 
positive when M1 and M2 have the same sign (reverse curvature bending) and negative 
when they are of opposite sign (single curvature bending). When the bending moment at 
any point within an unbraced length is larger than that at both ends of thi:; length, and for 
members subject to combined axial load and bending moment (Section C5), Cb shall be 
taken as unity. 

CTF = 0.6-0.4 (M1/M2) 

WHERE: 
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sign (reverse curvature bending) and negative when they are of opposite sign (single cur­
vature bending). When the bending moment at any point within an unbraced length is 
larger than that at both ends of this length, and for members subject to combined axial load 
and bending moment (Section CS), CTF shall be taken as unity. 

r0 Polar radius of gyration of the cross section about the shear center 

=Jr~ + r~ + x~ (Eq. C3.1.2-10) 

rx, ry = Radii of gyration of the cross section about the centroidal principal axes 

E Modulus of elasticity 

G Shear modulus 

Kx, Ky. 
Kt Effective length factors for bending about the x- and y-axes, and for twisting 

Lx, Ly. Lt = Unbraced length of compression member for bending about the x- andy-axes, and for 
twisting 

Xo Distance from the shear center to the centroid along the principal x-axis, taken as negative 

J = St. Venant torsion constant of the cross section 

Cw Torsional warping constant of the cross section 

j (Eq. C3.1.2-11) 

(b) For 1- or Z-sections bent about the centroidal axis perpendicular to the web (x-axis): 
In lieu of (a), the following equations may be used to evaluate Me: 
For Me > 2. 78My 

Me = My 

For 2. 78My > Me > 0.56My 

_ 10 ( IOMy) 
Me - 9 My I - 36Mc 

For Me :5 0.56My 

Me= Me 
WHERE: 

(Eq. C3.1.2-12) 

(Eq. C3.1.2-13) 

(Eq. C3.1.2-14) 

Me = Elastic critical moment determined either as defined in (a) above or as follows: 

2 dlyc = Jt ECb V for doubly-symmetric !-sections (Eq. C3.1.2-15) 

Jt 2ECbdlyc . . . 
2
u for pomt-symmetnc Z-sect10ns (Eq. C3.1.2-16) 

d = Depth of section 

L Unbraced length of the member 

lye Moment of inertia of the compression portion of a section about the centroidal axis of the 
entire section parallel to the web, using the full unreduced section 

Other terms are defined in (a). 

C3.1.3Beams Having One Flange Through-Fastened to Deck or Sheathing 
This section does not apply to a continuous beam for the region between i 11flection points adja­

cent to a support, or to a cantilever beam. 
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The nominal moment strength of a Channel or Z-section loaded in a plane parallel to the web, 
with the tension flange attached to deck or sheathing and with the compression flail ge laterally un­
braced shall be determined as follows: 

Mn = RSeFy 

WHERE: 

R = 0.40 for simple span C sections 

= 0.50 for simple span Z sections 

= 0.60 for continuous span C sections 

= 0. 70 for continuous span Z sections 

Se and Fy are defined in Section C3.1.1 

(Eq. C3.1.3-1) 

The reduction factor, R, shall be limited to roof and wall systems meeting the following condi-
tions: 

- Member depth less than 11.5 inches (292 mm) 

- The flanges are edge stiffened compression elements 

- 60 ~ depth/thickness ~ 170 

- 2.8 ~ depth/flange width ~ 4.5 

- 16 ~ flat width/thickness of flange ~ 43 

- For continuous span systems, the lap length at each interior support in each direction (dis-
tance from center of support to end of lap) shall not be less than: 

1.5d for zee sections 

3.0d for channel sections 

- Member span length no greater than 33 feet (1 0 058 mm) 

- For continuous span systems, the longest member span shall not be more than 20% greater 
than the shortest span 

- Both flanges are prevented from moving laterally at the supports 

- Roof or wall panels shall be steel sheets, minimum of 0.019 in. (0.48 mm) coated thickness, 
having a minimum rib depth of 1 in. (25 mm), spaced a maximum of 12 in. (::105 mm) on cen­
ters and attached in a manner to effectively inhibit relative movement between the panel and 
purlin flange 

- Insulation shall be glass fiber blanket 0 inch to 6 inches (0 mm to 152 mm) thick compressed 
between the member and panel in a manner consistent with the fastener being used 

- Fastener type: minimum No. 12 self-drilling or self-tapping sheet metal screws or 3/16-in. 
(4.8 mm) rivets, washers 1/2 in. (13 mm) diameter 

- Fasteners shall not be standoff type screws 

- Fasteners shall be spaced not greater than 12 in. (305 mm) on centers and placed near the 
center of the beam flange 

If variables fall outside any of the above stated limits, the user must perform full scale tests in 
accordance with Section F1 of the Specification, or apply another rational analysis procedure. In 
any case, the user is permitted to perform tests, in accordance with Section F1, as an alternate to the 
procedure described in this section. 
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The shear force at any section shall not exceed the allowable shear, Va, calculated as follows: 

(a) For h/t ~ 1.38 jEk./Fy 

Va = 0.38t2 jkvFyE ~ 0.4Fyht (Eq. C3.2-1) 

(b) For h/t > 1.38 jEk./Fy 

v. = 0.53Ekvt3 /h (Eq. C3.2-2) 
WHERE: 

t = Web thickness 
h = Depth of the flat portion of the web measured along the plane of the web 
kv = Shear buckling coefficient determined as follows: 

I. For unreinforced webs, kv = 5.34 
2. For beam webs with transverse stiffeners satisfying the requirements of Section B6 

when a/h ~ 1.0 

kv = 4.00 + (;;h~ 2 (Eq. C3.2-3) 

when a/h > 1.0 

kv = 5.34 + (:i~z (Eq. C3.2-4) 

WHERE: 
a = the shear panel length for unreinforced web element 

= distance between transverse stiffeners for web elements. 
For a web consisting of two or more sheets, each sheet shall be considered as a separate element 

carrying its share of the shear force. 

C3.3 Strength for Combined Bending and Shear 

For beams with unreinforced webs, the moment, M, and shear, V, shall satisfy the following inter­
action equation: 

(Eq. C3.3-l) 

For beams with transverse web stiffeners, the moment, M, and shear, V, shall not exceed Ma and 
Va, respectively. When M!Maxo> 0.5 and VNa > 0.7, then M and V shall satisfy the following inter­
action equation: 

0.6 (MIMax0 ) + (VNa) ~ 1.3 (Eq. C3.3-2) 

In the above: 

Ma = Allowable moment when bending alone exists 
Max0 =Allowable moment about the centroidal axes determined in accordance with Section C3.1 

excluding the provisions of Section C3.1.2, 
Va = Allowable shear force when shear alone exists 

C3.4 Web Crippling Strength 

These provisions are applicable to webs of flexural members subject to concentrated loads or 
reactions, or the components thereof, acting perpendicular to the longitudinal axis of the member, 
acting in the plane of the web under consideration, and causing compressive stresses in the web. 

To avoid crippling of unreinforced flat webs of flexural members having a flat width ratio, h/t, 
equal to or less than 200, concentrated loads and reactions shall not exceed the values of P a given in 
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Table C3.4-l. Webs of flexural members for which h/t is greater than 200 shall be provided with 
adequate means of transmitting concentrated loads and/or reactions directly into the webs. 

The formulas in Table C3.4-l apply to beams when Rlt :5 6 and to deck when Rlt :57, N/t :5 210 
and Nih :5 3.5. 

Pa represents the concentrated load or reaction for one solid web connecting ·:op and bottom 
flanges. For two or more webs, Pa shall be computed for each individual web and the results added 
to obtain the allowable load or reaction for the multiple web. 

For built-up !-sections, or similar sections, the distance between the web conn;:ctor and beam 
flange shall be kept as small as practical. 

Opposing Loads End Reaction(3) 

Spaced > I .5 h(2) Interior 
Reaction(4) 

Opposing Loads End Reaction(3) 
Interior Spaced 5; l.Sh(5) 

Reaction(4) 

TABLE C3.4-1 
Pa 

Shapes Having 
Single Webs 

Stiffened Unstiffened 
Flanges Flanges 

Eq. C3.4-1 Eq. C3.4-2 
Eq. C3.4-4 Eq. C3.4-4 

Eq. C3.4-6 Eq. C3.4-6 
Eq. C3.4-8 Eq. C3.4-8 

Footnotes and Equation References to Table C3.4-l: 

Shapes Having 
Mutliple Webs(l) 

:~tiffened and 
Umtiffened Flanges 

Eq. C3.4-3 
Eq. C3.4-S 

Eq. C3.4-7 
Eq. C3.4-9 

(1) !-sections made of two channels connected back to back or similar sections which provide a 
high degree of restraint against rotation of the web (such as !-sections made by welding two 
angles to a channel). 

(2) At locations of one concentrated load or reaction acting either on the top or bottom flange, when 
the clear distance between the bearing edges of this and adjacent opposite concentrated loads or 
reactions is greater than 1.5h. 

(3) For end reactions of beams or concentrated loads on the end of cantilevers when the distance 
from the edge of the bearing to the end of the beam is less than 1.5h. 

(4) For reactions and concentrated loads when the distance from the edge of bearing to the end of 
the beam is equal to or greater than 1.5h. 

(5) At locations of two opposite concentrated loads or of a concentrated load and an opposite reac­
tion acting simultaneously on the top and bottom flanges, when the clear distan:e between their 
adjacent bearing edges is equal to or less than 1.5h. 

Equations for Table C3.4-1: 

t2 kC3C4C9[ 179 - 0.33(h/t)] [I + 0.01 (N/t)] (Eq. C3.4-l) 

t2 kC3C4C9 [117- 0.15(hlt)] [1 + O.Ol(N/t)] (Eq. C3.4-2) 

When N/t > 60, the factor [1 + O.Ol(N/t)] may be increased to [0.71 + 0.015(N/t)] 

t2FyC6(5.0 + 0.63 jNjt) (Eq. C3.4-3) 

t2kC 1C2C9[291-0.40(hlt)] [1 + 0.007(N/t)] (Eq. C3.4-4) 

When N/t > 60, the factor [1 + 0.007(N/t)] may be increased to [0.75 + O.Oll(N/t)] 

t2FyCs(0.88 + 0.12m)(7.50 + 1.63 JN/t) (Eq. C3.4-5) 

t2kC3C4C9[132-0.3l(h/t)] [1 + O.Ol(N/t)] (Eq. C3.4-6) 
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t2FyCs(0.64 + 0.31m)(5.0 + 0.63 /Nit) 
t2 kC 1C2C9[417-1.22(hlt)] [1 + 0.0013(N/t)] 

t2FyC7(0.82 + 0.15m)(7.50 + 1.63 jNjt) 
For SI (Equations C3.4-1 through C3.4-9): X 4,448 for N 

In the above-referenced formulas: 

Pa =Allowable concentrated load or reaction per web, kips (N) 

c1 =(1.22-0.22k) 

C2=(l.06-0.06R/t) $ 1.0 

c3 =( 1.33-0.33k) 

C4=0.50<(1.15-0.15R/t) $1.0 

c5 =( 1.49 - 0.53k) ~ 0.6 

C6 = I + (~{~)when hit $ 150 

= 1.20, when h/t > 150 

C7=11k, when hit$ 66.5 

= [ 1.10 - :~~] f , when hit > 66.5 

Cg= [ 0.98 - :~~] f 
C9 =0.7 + 0.3 (9 /90)2 

Fy =Design yield stress of the web, see Section A5.2.1 

CHAP. 22, DIV. V 
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(Eq. C3.4-7) 

(Eq. C3.4-8) 

(Eq. C3.4-9) 

(Eq. C3.4-1 0) 

(Eq. C3.4-11) 

(Eq. C3.4-12) 

(Eq. C3.4-13) 

(Eq. C3.4-14) 

(Eq. C3.4-15) 

(Eq. C3.4-16) 

(Eq. C3.4-17) 

(Eq. C3.4-18) 

(Eq. C3.4-19) 

(Eq. C3.4-20) 

h =Depth of the flat portion of the web measured along the plane of the web 

k =Fy/33 

For SI: k = Fy/227 
m =t/0.075 

t =Web thickness, inches (mm) 

(Eq. C3.4-21) 

(Eq. C3.4-22) 

N =Actual length of bearing, inches (mm). For the case of two equal and opposite concentrated 
loads distributed over unequal bearing lengths, the smaller value of N shall be taken 

R =Inside bend radius 

9 =Angle between the plane of the web and the plane of the bearing surface~ 45 o, but not more 
than 90° 

C3.5 Combined Bending and Web Crippling Strength 
Unreinforced flat webs of shapes subjected to a combination of bending and concentrated load or 

reaction shall be designed to meet the following requirements: 
For shapes having single unreinforced webs: 

1.2 (PIP a) + (MIMaxo) < 1.5 (Eq. C3.5-1) 

Exception: At the interior supports of continuous spans, the above formula is not applicable to 
deck or beams with two or more single webs, provided the compression edge~ of adjacent webs are 
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laterally supported in the negative moment region by continuous or intermittently connected flange 
elements, rigid cladding, or lateral bracing, and the spacing between adjacent webs does not exceed 
10 inches. 

For shapes having multiple unreinforced webs such as !-sections made of two channels con­
nected back-to-back, or similar sections which provide a high degree of restraint against rotation of 
the web (such as !-sections made by welding two angles to a channel); 

1.1 (PIP a) + (MIMax0 ) < 1.5 (Eq. C3.5-2) 

Exception: When hit :5 2.33/ jFy/E and A. :5 0.673, the allowable concentrated load or reaction 
may be determined by Section C3.4. 

In the above formulas: 

P = Concentrated load or reaction in the presence of bending moment 

P a =Allowable concentrated load or reaction in the absence of bending moment determined in ac­
cordance with Section C3.4 

M =Applied bending moment at, or immediately adjacent to, the point of application of the con­
centrated load or reaction 

Maxo 
=Allowable moment about the centroidal axes determined in accordance with Section C3.1 ex­

cluding the provisions of Section C3.1.2 

w = Flat width of the beam flange which contacts the bearing plate 

=Thickness of the web or flange 

A. =Slenderness factor given by Section B2.1 

C4 Concentrically Loaded Compression Members 
This section applies to members in which the resultant of all loads acting on the member is an 

axial load passing through the centroid of the effective section calculated at the stre5s, Fn, defined in 
this section. 

(a) The axial load shall not exceed Pa calculated as follows: 

Pa = Pn/Q c 

WHERE: 

Pn = AeFn 

(Eq.C4-1) 

(Eq. C4-2) 

Ae =Effective area at the stress Fn. For sections with circular holes, Ae shall be determined ac­
cording to Section B2.2a, subject to the limitations of that section. If the number of holes in 
the effective length region times the hole diameter divided by the effective length does not 
exceed 0.015, Ae can be determined ignoring the holes. 

Fn is determined as follows: 

For Fe> Fy/2 Fn = Fy (l-Fy/4Fe) 
For Fe :5 Fy/2 Fn = Fe 

(Eq. C4-3) 
(Eq. C4-4) 

Fe is the least of the elastic flexural, torsional and torsional-flexural buckling stress deter­
mined according to Sections C4.1 through C4.3. 

nc = Factor of safety for axial compression 

= 1.92, except when Fe is determined according to Section C4.1 for fully effective sections 
having wall thicknesses greater than or equal to 0.09 inches and Fe> Fyf2. In this case, 

Q = ~ + J.R _lR3 
c 3 8 8 
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WHERE: 

R = jFy/2Fc 
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(b) For C- and Z-shapes, and single-angle sections with unstiffened flanges, Pn shall be taken as 
the smaller of Pn calculated above and Pn calculated as follows: 

Pn = 25~7~~t)2 (Eq. C4-5) 

WHERE: 
A =Area of the full, unreduced cross section 

w = Flat width of the unstiffened element 

t =Thickness of the unstiffened element 

(c) Angle sections shall be designed for the applied axial load, P, acting simultaneously with a 
moment equal to PUlOOO applied about the minor principal axis causing compression in the 
tips of the angle legs. 

(d) The slenderness ratio, KUr, of all compression members preferably should not exceed 200, 
except that during construction only, KL/r preferably should not exceed 300. 

C4.1 Sections Not Subject to Torsional or Torsional-Flexural 
Buckling 

For doubly-symmetric sections, closed cross sections and any other sectiom which can be shown 
not to be subject to torsional or torsional-flexural buckling, the elastic flexural buckling stress, Fe, 
shall be determined as follows: 

F- rt2E 
e- (KL/r)2 

(Eq. C4.1-l) 

WHERE: 
E Modulus of elasticity 

K Effective length factor* 

L = Unbraced length of member 

r Radius of gyration of the full, unreduced cross section 

C4.2 Doubly- or Singly-Symmetric Sections Subject to Torsional or Torsional-Flexu­
ral Buckling 

For sections subject to torsional or torsional-flexural buckling, Fe shall be taken as the smaller of 
Fe calculated according to Section C4.1 and Fe calculated as follows: 

Fe= 21~ [ (Ocx + 01)- j(Oex + 0 1)
2

- 4~0ex01] (Eq. C4.2-l) 

Alternatively, a conservative estimate of Fe can be obtained using the following equation: 

(Eq. C4.2-2) 

*In frames where lateral stability is provided by diagonal bracing, shear walls, attachment to an adjacent structure 
having adequate lateral stability, or floor slabs or roof decks secured horizontally by walls ·Jr bracing systems paral­
lel to the plane of the frame, and in trusses, the effective length factor, K, for compression members which do not 
depend upon their own bending stiffness for lateral stability of the frame or truss, shall Je taken as unity, unless 
analysis shows that a smaller value may be used. In a frame which depends upon its own bending stiffness for lateral 
stability, the effective length, KL, of the compression members shall be determined by a rational method and shall 
not be less than the actual unbraced length. 
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where cr1 and O'ex are as defined in C3.1.2(b) 

(Eq. C4.2-3) 

For singly-symmetric sections, the x-axis is assumed to be the axis of symmetry. 

C4.3 Nonsymmetric Sections 
For shapes whose cross sections do not have any symmetry, either about an axis or about a point, 

Fe shall be determined by rational analysis. Alternatively, compression members composed of such 
shapes may be tested in accordance with Chapter F. 

C5 Combined Axial Load and Bending 
The axial force and bending moments shall satisfy the following interaction equations: 

P
p + CMm,Mx + CMmyMy :::; 1.0 (Eq. C5-1) 
a .,a, ayay 

..f... + M, + My < (Eq. C5-2) 
Pao Max May - 1.0 

When PIP a~ 0.15, the following formula may be used in lieu of the above two formulas: 

p M M - + -' + _Y < 1.0 
Pa Max May -

(Eq. C5-3) 

WHERE: 
p = Applied axial load 
Mx and My =Applied moments with respect to the centroidal axes of the effecthe section deter­

mined for the axial load alone. For angle sections, My shall be taken either as the 
applied moment or the applied moment plus PUIOOO, whichever results in a lower 
value ofPa. 

P a =Allowable axial load determined in accordance with Section C4 
Pao =Allowable axial load determined in accordance with Section C4, with Fn = Fy 
Max and May =Allowable moments about the centroidal axes determined in accordance with Sec-

tion C3 
11 ax, 11 ay =Magnification factors 

= 1 /[ 1-(.QcPIP cr)] 
.n c =Factor of safety used in determining Pa 

(Eq. C5-4) 

lb =Moment of inertia of the full, unreduced cross section about the axis of bending 
rt2EI 

Per= (KbLb;2 (Eq. C5-5) 

Lb =Actual unbraced length in the plane of bending 
Kb =Effective length factor in the plane of bending 
Cmx• Cmy =Coefficients whose value shall be taken as follows: 

1. For compression members in frames subject to joint translation (sidesway) 
Cm = 0.85 

2. For restrained compression members in frames braced against joint translation and not sub­
ject to transverse loading between their supports in the plane of bending 

Cm = 0.6-0.4 (MtiM2) (Eq. C5-6) 

WHERE: 
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3. For compression members in frames braced against joint translation in the plane of loading 
and subject to transverse loading between their supports, the value of Cm may be determined 
by rational analysis. However, in lieu of such analysis, the following values may be used: 

(a) for members whose ends are restrained, Cm = 0.85, 

(b) for members whose ends are unrestrained, Cm = 1.0. 

C6 Cylindrical Tubular Members 

The requirements of this Section apply to cylindrical tubular members having a ratio of outside 
diameter to wall thickness, D/t, not greater than 0.441 E!Fy. 

C6.1 Bending 

For flexural members, the actual moment uncoupled from axial load, shear, and local concen­
trated forces or reactions shall not exceed Ma calculated as follows: 

Ma = Mn/.Q t (Eq. C6.1-l) 

WHERE: 
Mn = Nominal moment 

.Q t = Factor of safety for bending 

= 1.67 

For D/t ~ 0.070 E!Fy 

Mn = 1.25 FySt 

For 0.070 E/Fy < D/t ~ 0.319 E!Fy 

[ 
E/Fy] Mn = 0.970 + 0.020 D/t FySr 

For 0.319 E!Fy < D/t ~ 0.441 E!Fy 

Mn = [0.328E/(D/t)]St 

WHERE: 
St = Elastic section modulus of the full, unreduced cross section 

C6.2 Compression 

(Eq. C6.1-2) 

(Eq. C6.1-3) 

(Eq. C6.1-4) 

The requirements of this Section apply to members in which the resultant of all loads and mo­
ments acting on the member is equivalent to a single force in the direction of the member axis pass­
ing through the centroid of the section. 

The axial load shall not exceed Pa calculated as follows: 

Pa = Pn/.Qc (Eq. C6.2-l) 

WHERE: 

Pn = Fn Ae (Eq. C6.2-2) 

For Fe greater than Fy/2 

Fn = Flexural buckling stress 

= Fy [l-Fy14Fe] (Eq. C6.2-3) 

Fe = The elastic flexural buckling stress determined according to Section C4.1 

nc = Factor of safety for axial compression 

2_+2_R-lR3 
= 3 8 8 (Eq. C6.2-4) 
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R = jFy/2Fc 

Ae= [1-(l-R2)(1-AJA)]A 

A,~ [ 
0;~:;" + 0.667 ]A ,; A fo' ¥ ,; 0.441 ~ 

A = Area of the unreduced cross section 

For Fe s; Fy/2 

Fn = Fe 

ilc = Factor of safety for axial compression 

1.92 

Ae= A 

C6.3 Combined Bending and Compression 
Combined bending and compression shall satisfy the provisions of Section CS. 

D. STRUCTURAL ASSEMBLIES 

01 Built-Up Sections 

01.1 !-Sections Composed of Two Channels 

(Eq. C6.2-5) 

(Eq. C6.2-6) 

(Eq. C6.2-7) 

The maximum permissible longitudinal spacing of welds or other connectors Smax• joining two 
channels to form an !-section shall be 

(a) For compression members: 

Lrcy 
Smax = 2r1 

WHERE: 
L = Unbraced length of compression member 

(Eq. Dl.l-1) 

r1 =Radius of gyration of the !-section about the axis perpendicular to the direction in which buck­
ling would occur for the given conditions of end support and intermediate bracing 

rcy =Radius of gyration of one channel about its centroidal axis parallel to the web 

(b) For flexural members: 

Smax = L I 6 (Eq. Dl.l-2) 
In no case shall the spacing exceed the value 

2gTs 
Smax = mq (Eq. Dl.l-3) 

WHERE: 
L =Spanofbeam 

Ts = Strength of connection in tension 

g =Vertical distance between the two rows of connections nearest to the top anc bottom flanges 

q =Intensity of load on the beam (For methods of determination, see below). 

m =Distance from the shear center of one channel to the mid-plane of its web. 
For simple channels without stiffening lips at the outer edges. 

wz 
m= r 

2w1 + d/3 
(Eq. Dl.l-4) 
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For channels with stiffening lips at the outer edges, 

wtdt [ ( 4D2)] m = 4I, w td + 2D d - 3d 

CHAP. 22, DIV. V 
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(Eq. Dl.l-5) 

wr =Projection of flanges from the inside face of the web (For channels with flanges of unequal 
width, wr shall be taken as the width of the wider flange) 

d = Depth of channel or beam 

D = Overall depth of lip 

Ix =Moment of inertia of one channel about its centroidal axis normal to the web. 

The intensity of load, q, is obtained by dividing the magnitude of concentrated loads or reactions 
by the length of bearing. For beams designed for a uniformly distributed load, q shall be taken equal 
to three times the intensity of the uniformly distributed design load. If the length of bearing of a 
concentrated load or reaction is smaller than the weld spacing, s, the required strength of the welds 
or connections closest to the load or reaction is 

T5 =Pm/2g (Eq. Dl.l-6) 

The required maximum spacing of connections, Smax• depends upon the inlensity of the load di­
rectly at the connection. Therefore, if uniform spacing of connections is used over the whole length 
of the beam, it shall be determined at the point of maximum local load intensity. In cases where this 
procedure would result in uneconomically close spacing, either one of the following methods may 
be adopted: (a) the connection spacing may be varied along the beam according to the variation of 
the load intensity; or (b) reinforcing cover plates may be welded to the flange~ at points where con­
centrated loads occur. The shear strength of the connections joining these plates to the flanges shall 
then be used for T5, and g shall be taken as the depth of the beam. 

01.2 Spacing of Connections in Compression Elements 
The spacing, s, in the line of stress, of welds, rivets, or bolts connecting a cover plate, sheet, or a 

non-integral stiffener in compression to another element shall not exceed 

(a) that which is required to transmit the shear between the connected parts on the basis of the de­
sign strength per connection specified elsewhere herein; nor 

(b) 1.16t = jE/fc ,where tis the thickness of the cover plate or sheet, and fc is the stress at design 
load in the cover plate or sheet; nor 

(c) three times the flat width, w, of the narrowest unstiffened compression element tributary to the 

connections, but need not be less than 1.11 t jE/fy if w/t < 0.50 jE/fy, or 1.33t jE/fy if w/t ;:::: 

0.50 jE/fy. unless closer spacing is required by (a) or (b) above. 

In the case of intermittent fillet welds parallel to the direction of stress, the spacing shall be taken 
as the clear distance between welds, plus one-half inch (13 mm). In all other cases, the spacing shall 
be taken as the center-to-center distance between connections. 

Exception: The requirements of this Section do not apply to cover sheets which act only as 
sheathing material and are not considered as load-carrying elements. 

02 Mixed Systems 

The design of members in mixed systems using cold-formed steel components in conjunction 
with other materials shall conform to this Specification and the applicable specification of the other 
material. 

03 Lateral Bracing 

Braces shall be designed to restrain lateral bending or twisting of a loaded beam or column, and to 
avoid local crippling at the points of attachment. 
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03.1 Symmetrical Beams and Columns 

1994 UNIFORM BIUILDING CODE 

Braces and bracing systems, including connections, shall be designed considering strength and 
stiffness requirements. 

03.2 Channel-Section and Z-Section Beams 

The following provisions for bracing to restrain twisting of channels and Z-sections used as 
beams loaded in the plane of the web, apply only when (a) the top flange is connected to deck or 
sheathing material in such a manner as to effectively restrain lateral deflection of the connected 
flange, or (b) neither flange is so connected. When both flanges are so connected, no further bracing 
is required. 

03.2.1 Anchorage of Bracing for Roof Systems Under Gravity Load Wit:h Top Flange 
Connected to Sheathing 

For channels and Z-sections designed according to Section C3.1.1, and having deck or sheathing 
fastened directly to the top flanges in such a manner shown to effectively inhibit relative movement 
between the deck or sheathing and the purlin flange, provisions shall be made to restrain the flanges 
so that the maximum top flange lateral displacements with respect to the purlin reaction points do 
not exceed the span length divided by 360. If the top flanges of all purlins face in the same direction, 
anchorage of the restraint system must be capable of satisfying the requirements of Sections 
D3.2.1 (a) and D3.2.1 (b). Ifthe top flanges of adjacent lines of purlins face in opposite directions, 
the provisions of Section D3.2.l(a) and D3.2.1(b) do not apply. 

Anchored braces may be connected to only one line of purlins in each purlin bay of each roof 
slope if provision is made to transmit forces from other purlin lines through the roof deck and its 
fastening system. Anchored braces shall be as close as possible to the flange which is connected to 
the deck or sheathing. Anchored braces shall be provided for each purlin bay. 

For bracing arrangements otherthan those covered in Sections D3.2.1 (a) and D3.2.1 (b), tests in 
accordance with Chapter F shall be performed so that the type and/or spacing of braces selected are 
such that the test strength of the braced Z-section assembly is equal to or greater than 5/3 times its 
flexural design strength, instead of that required by Chapter F. 

(a) Channel Sections 
For roof systems using channel sections for purlins with all compression flanges facing in the 
same direction, a restraint system capable of resisting 0.05W, in addition to other loading, shall 
be provided where W is the load supported by all purlin lines being restrained. Where more than 
one brace is used at a purlin line, the restraint force 0.05W shall be divided equally between all 
braces. 

(b) Z-Sections 
For roof systems having a diaphragm stiffness of at least 2,000 lblin. (350 N/m), having four to 
twenty Z-purlin lines with all top flanges facing in the direction of the upward roof slope, and 
with restraint braces at the purlin supports, midspan or one-third points, each brace shall be de­
signed to resist a force determined as follows: 

(1) Single-Span System with Restraints at the Supports: 

[ 
0.220b 150 

. ] 
PL = 0.5 ng·72d0·9Dt0·60 - sm 0 W 

(2) Single-Span System with Third-Point Restraints: 

[ 
0.474b 1 22 . ] 

PL = 0.5 n~.57do.89to.33 - sm 0 W 

(3) Single-Span System with Midspan Restraint: 
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[ 
0 224bL32 ] 

PL = ng .. 6sdo.s3to.so - sin 8 W 

(4) Multiple-Span System with Restraints at the Supports: 

with 
Ctr = 0.63 for braces at end supports of multiple-span systems 

[
0.053bL88Ul.l3 . ] 

PL = Ctr ng.9sdL07t0.94 - sm e W 

C1r= 0.87 for braces at the first interior supports 

C1r= 0.81 for all other braces 

(5) Multiple-Span System with Third-Point Restraints: 

[
0.181busLo.zs . ] 

PL = Cth ng·s4dl.ltto.29 - sm 8 W 

with 
C1h = 0.57 for outer braces in exterior spans 
C1h = 0.48 for all other braces 

(6) Multiple-Span System with Midspan Restraints: 

[
O.l16b 1.32L 0 18 . ] 

PL = Cms ng.7od Ul0t0.50 - sm e w 

with 
Cms = 1.05 for braces in exterior spans 
Cms = 0. 90 for all other braces 

WHERE: 
b =Flange width, in. (mm) 
d =Depth of section, in. (mm) 
t =Thickness, in. (mm) 
L =Span length, in. (mm) 
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(Eq. D3.2.1-3) 

(Eq. D3.2.1-4) 

(Eq. D3.2.1-5) 

(Eq. D3.2.l-6) 

e =Angle between the vertical and the plane of the web of the Z-section, degrees 
np =Number of parallel purlin lines 
W =Total load supported by the purlin lines between adjacent supports, pounds (N) 

The force, PL. is positive when restraint is required to prevent movement of the purl in flanges in 
the upward roof slope direction. 

For systems having less than four purlin lines, the brace force can be determined by taking 1.1 
times the force found from Equations D3.2.1-1 through D3.2.1-6, with np = 4. For systems having 
more than twenty purlin lines, the brace force can be determined from Equations D3.2.1-1 through 
D3.2.1-6, with np = 20. 

D3.2.2Neither Flange Connected to Sheathing 
Each intermediate brace, at the top and bottom flange, shall be designed to resist a lateral force, 

PL. determined as follows: 

(a) For uniform loads, PL = 1.5K' times the load within a distance 0.5a each side of the brace. 

(b) For concentrated loads, PL = 1.0K' times each concentrated load within a distance 0.3a each 
side of the brace, plus 1.4K'[1-(x/a)] times each concentrated load located farther than 0.3a but 
not farther than 1.0a from the brace. 
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In the above formulas: 

For channels and Z-sections: 

x == Distance from the concentrated load to the brace 

a == Distance between center line of braces 

For channels: 

K' == m/d 

WHERE: 

1994 UNIFORM BUILDING CODE 

(Eq. D3.2.2-l) 

m == Distance from the shear center to the mid-plane of the web, as specified in Section D 1.1 

d == Depth of channel 

For Z-sections: 

K' == lxyllx 

WHERE: 
(Eq. D3.2.2-2) 

lxy == Product of inertia of the full section about centroidal axes parallel and perpendicular to 
the web 

lx == Moment of inertia of the full section about the centroidal axis perpendicular to the web 

Braces shall be designed to avoid local crippling at the points of attachment to the member. 

Braces shall be attached both to the top and bottom flanges of the sections, at the ends and at inter-
vals not greater than one-quarter of the span length, in such a manner as to preve 11t tipping at the 
ends and lateral deflection of either flange in either direction at intermediate braces. If one-third or 
more of the total load on the beam is concentrated over a length of one-twelfth or less of the span of 
the beam, an additional brace shall be placed at or near the center of this loaded length. 

Exception: When all loads and reactions on a beam are transmitted through members which 
frame into the section in such a manner as to effectively restrain the section against rotation and 
lateral displacement, no other braces will be required. 

03.3 Laterally Unbraced Box Beams 

For closed box-type sections used as beams subject to bending about the major .1xis, the ratio of 
the laterally unsupported length to the distance between the webs of the section shall not exceed 
0.086 E!Fy. 

04 Wall Studs and Wall Stud Assemblies 

The safe load-carrying capacity of a stud may be computed on the basis of Section C (neglecting 
sheathing and using steel only) or on the basis that sheathing (attached to one or both sides of the 
stud) furnishes adequate lateral and rotational support to the stud in the plane of the wall, provided 
that the stud, sheathing, and attachments comply with the following requirement>: 

Both ends of the stud shall be braced to restrain rotation about the longitudinal stud axis and hori­
zontal displacement perpendicular to the stud axis; however, the ends may or may not be free to 
rotate about both axes perpendicular to the stud axis. The sheathing shall be connected to the top and 
bottom members of the wall assembly to enhance the restraint provided to the stud and stabilize the 
overall assembly. 

When sheathing is utilized for stability of the wall studs, the sheathing shall retain adequate 
strength and stiffness for the expected service life of the wall and additional bracing shall be pro­
vided as required for adequate structural integrity during construction and in the completed struc­
ture. 

The equations given are based on solid-web steel studs and are applicable within the following 
limits: 
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Yield point, Fy ::5 50 ksi (345 MPa) 

Section depth, d ::5 6.0 in. (152 mm) 

Thickness, t ::5 0.075 in. (1.9 mm) 

Overall length, L ::5 16ft. (4877 mm) 

CHAP. 22, DIV. V 
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Stud spacing, B, not less than 12 in. (305 mm) nor greater than 24 in. (610 mm) 

Studs with perforations shall be designed using the results of stub column tests and/or rational 
analysis. 

04.1 Wall Studs in Compression 
For studs having identical sheathing attached to both flanges, and neglecting any rotational re­

straint provided by the sheathing* , the applied axial load, P, shall not exceed Pa calculated as fol­
lows: 

Pa = AeFni.Qc (Eq. D4.1-1) 

WHERE: 
Ae =Effective area determined at Fn 
nc =Factor of safety for axial compression, i.e., in accordance with Section C4(a) when either 

Sections D4.1(a) or D4.1(b) govern or 1.92 when Section D4.l(c) governs. 
Fn =The lowest value determined by the following three conditions: 
(a) To prevent column buckling between fasteners in the plane of the wall, Fn shall be calculated 

according to Section C4 with KL equal to two times the distance between fasteners. 

(b) To prevent flexural and/or torsional overall column buckling, Fn shall be calculated in accor­
dance with Section C4 with Fe taken as the smaller of the two OcR values specified for the fol­
lowing section types, where ocR is the theoretical elastic buckling str,~ss under concentric 
loading. 

(I) Singly-symmetric channels and C-Sections 

OcR = o ey + Oa 

OCR = ~ f3[ ( Ocx + OtQ) - j ( Oex + 0 1Q)
2 

- ( 4f30cxOtQ)] 

(2) Z-Sections 

ocR = o t + Ot 
(Eq. D4.1-4) 

(3) !-Sections (doubly-symmetric) 

OcR = Oey + Oa 
OcR = Oex 

In the above formulas: 

rt2E 
= (L/rx)2 

Oexy = (1t2Eixy) I (AL2 ) 

rt2E 
= -L/ 2(Eq. D4.1-10) 

( fy) 

(Eq. D4.1-2) 

(Eq. D4.1-3) 

(Eq. D4.1-5) 

(Eq. D4.1-6) 
(Eq. D4.1-7) 

(Eq. D4.1-8) 

(Eq. D4.1-9) 

*Studs with sheathing on one flange only, or with unidentical sheathing on both flanges, or having rotational re­
straint that is not neglected, or having any combination of the above, shall be designed in accordance with the 
same basic analysis principles used in deriving the provisions of this Section. 
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(Eq. D4.1-ll) 

(Eq. D4.1-12) 

q B =Design shear rigidity for sheathing on both sides of wall assembly 
-q = Design shear rigidity for sheathing per inch of stud spacing (see Table D4) 

B Stud spacing 

Oa Q/A (Eq. D4.1-13) 

A Area of full unreduced cross section 

L = Length of stud 

Ot (Qd2) I (4Ar0
2) (Eq. D4.1-14) 

d Depth of section 

lxy= Product of inertia 

(c) To prevent shear failure of the sheathing, a value of Fn shall be used in the following equations 
so that the shear strain of the sheathing, y, does not exceed the permissible shear strain, y. The 
shear strain, y, shall be determined as follows: 

y = (1t/L)[C,+(E,dl2)] (Eq.D4.1-15) 

WHERE: 
c, and E, are the absolute values of C1 and E1 specified below for each section type: 

(1) Singly-Symmetric Channels and C-Sections 

C, = (Fn C0 )/ (crey- Fn + Oa) (Eq. D4.1-16) 

E 
Fn[(Ocx - Fn)(r~Eo - XoDo) - Fnxo(D0 - X0 E0 )] ,= 

(Ocx - Fn)r~(atQ - Fn) - (F0 X,,)2 

(2) Z-Sections 

Fn[C0 (0cx - Fn) - D0 0cxy] 
c,=--~~~~--~--~~~-

(acy - Fn + Q.)(acx - Fn) - 0 2exy 

E, = (Fn E0 ) I (crtQ-Fn) 

(3) !-Sections 

C1 = (Fn Co)/ (crey-Fn + Oa) 

E, =0 

WHERE: 

(Eq. D4.1-17) 

(Eq. D4.1-18) 

(Eq.D4.1-19) 

(Eq. D4.1-20) 

x0 =distance from shear center to centroid along principal x-axis, in. (absolu1e value) 

C0 , E0 , and D0 are initial column imperfections which shall be assumed to be at least 
C0 = L/350 in a direction parallel to the wall (Eq. D4.1-21) 

D0 = L/700 in a direction perpendicular to the wall 

E0 = L/(d X 10,000), rad., a measure of the initial twist of the stud from 
the initial, ideal, unbuckled shape 

(Eq. D4.1-22) 

(Eq. D4.1-23) 

If Fn > 0.5 Fy, then in the definitions for crey. CJex. crexy and cr1Q, the parameters E and G shall be 
replaced byE' and G', respectively, as defined below: 

E' = 4EFn (Fy-Fn )IFi (Eq. D4.1-24) 

G' = G (E'/E) (Eq. D4.1-25) 
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Sheathing parameters q0 and y may be determined from representative full-scale tests, con­
ducted and evaluated as described by published documented methods or from the 
small-scale-test values given in Table D4. 

04.2 Wall Studs in Bending 

For studs having identical sheathing attached to both flanges, and neglecting any rotational re­
straint provided by the sheathing,* the allowable moments are Maxo and Ma:ro 

where 

Maxo and Mayo = Allowable moments about the centroidal axes detennined in accordance 
with Section C3.1, excluding the provisions of Section C3.1.2 (lateral buck­
ling) 

04.3 Wall Studs with Combined Axial Load and Bending 
The axial load and bending moments shall satisfy the interaction equations of Section C5 with the 

following redefined terms: 

P a =Allowable axial load determined according to Section D4.1 
Max and May in Equations C5-1 and C5-3 shall be replaced by allowable moments, Maxo 
and Mayo• respectively. 

TABLE D4 
Sheathing Parameters(1) 

q0 <3l klin. 

Sheathing<2l X 175 for N/mm 

3t8 to 5/8 in. (9.5 mm to 16 mm) thick gypsum 2.0 
Lignocellulosic board 1.0 
Fiberboard (regular or impregnated) 0.6 
Fiberboard (heavy impregnated) 1.2 

(1) The values given are subject to the following limitations: 
All values are for sheathing on both sides of the wall assembly. 

y in./in. 

mrnlmm 

0.008 
0.009 
0.007 
0.010 

All fasteners are No.6, type S-12, self-drilling drywall screws with pan or bugle head, or equiv­
alent, at 6- to 12-inch (152 mm to 305 mm) spacing. 

(2) All sheathing is 1/2-inch (13 mm) thick except as noted. 

(3) q = q0 (2-s/12) (Eq. D4.1-26) 

For SI: (3) q = q0 (2-s/304.8) 
where s = fastener spacing, in. (mm) 
For other types of sheathing, q0 andy may be determined conservatively from representative 
small-specimen tests as described by published documented methods. 

05 Floor, Roof or Wall Steel Diaphragm Construction 

The in-plane structural performance of floor, roof or wall steel diaphragm construction shall be 
established by calculation or test. The allowable in-plane load carrying capRcity Sa shall be: 

Sa = Snlils 
WHERE: 

Sn = the nominal diaphragm shear strength 

(Eq. D5-1) 

*Studs with sheathing on one flange only, or with unidentical sheathing on both flanges, or having rotational restraint 
that is not neglected, or having any combination of the above, shall be designed in accordance with the same basic 
analysis principles used in deriving the provisions of this Section. 
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Us= the factor of safety for diaphragm shear as specified below: 

= 3.0 for welded connections or for combinations of welds and mechanical connections sub­
jected to earthquake loads, or subjected to load combinations which include earthquake 
loads. 

= 2.5 for mechanical connections subjected to earthquake loads, or subjected to load combina­
tions which include earthquake loads. For backed-up fasteners (bolts, nvets, spreading 
back fasteners or the like) Us may be taken as 2.3. 

= 2.75 for welded connections or for combinations of welds and mechanical connections sub­
jected to wind loads or subjected to load combinations which include wind loads. 

= 2.35 for mechanical connections subjected to wind loads or subjected to load combinations 
which include wind loads. For backed-up fasteners (bolts, rivets, spread1ng back fasten­
ers or the like) Us may be taken as 2.1. 

Although Section A4.4 of the Specification allows forces to be multiplied by 0.75 when the load­
ing consists of wind or seismic loads acting either alone or in combination with other loads, this 
decrease in loads is not permitted for diaphragms. 

For load combinations not involving wind or seismic loads: 

.Q8 = ~:~; for welded connections or for combinations of welds and 

mechanical connections . 

.Q8 = ~:~; for mechanical connections. 

E. CONNECTIONS AND JOINTS 

E1 General Provisions 

Connections shall be designed to transmit the maximum load in the connected member. Proper 
regard shall be given to eccentricity. 

E2 Welded Connections 

Arc welds on steel where each connected part is over 0.18 inch (4.6 mm) in thickness shall be 
made in accordance with AISC Specification (Section A6). 

Except as modified herein, arc welds on steel where at least one of the connected parts is 0.18 inch 
(4.6 mm) or less in thickness shall be made in accordance with the AWS D-1.3 (Section A6). Weld­
ers and welding procedures shall be qualified as specified in AWS Dl.3. These provisions are in­
tended to cover the welding positions as shown in Table E2. 

Resistance welds shall be made in conformance with the procedures given in AWS Cl.l-66, 
"Recommended Practices for Resistance Welding" or A WS C 1.3-70, "Recommended Practice for 
Resistance Welding Coated Low Carbon Steels." 

TABLE E2 

Welding Position 

Square Arc Flare-
Groove Butt Arc Spot Seam Fillet Weld, Lap Bevel Flare-V 

Connection Weld Weld Weld orT Groove Groove Weld 

F - F F F F 

Sheet to Sheet H - H H H H 
v - - v v v 

OH - - OH OH OH 

Sheet to - F F F F -
Supporting - - - H H -

- - - v v -
Member - OH OH -- -
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(F = flat, H = horizontal, V =vertical, OH =overhead) 
The load on each weld shall not exceed Pa, calculated as follows: 

Pa = P0 /.Qw 

WHERE: 
nw =Factor of safety for arc welded connections 

=2.50 
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(Eq. E2-1) 

Pn =Nominal strength of welds determined according to Sections E2.1 through E2.5. 

E2.1 Groove Welds in Butt Joints 

The maximum load for a groove weld in a butt joint, welded from one or both sides, shall be deter­
mined on the basis of the lower strength base steel in the connection, provided that an effective 
throat equal to or greater than the thickness of the material is consistently obtained. 

E2.2 Arc Spot Welds 

Arc spot welds permitted by this Specification are for welding sheet steel to thicker supporting 
members in the flat position. Arc spot welds (puddle welds) shall not be made on steel where the 
thinnest connected part is over 0.15 inch (3.8 mm) thick, nor through a combination of steel sheets 
having a total thickness over 0.15 inch (3.8 mm). 

Weld washers, Figures E2.2(A) and E2.2(B), shall be used when the thickness of the sheet is less 
than 0.028 inch (0.71 mm). Weld washers shall have a thickness between 0.05 and 0.08 inch (1.3 
mm and 2.0 mm) with a minimum prepunched hole of %-inch (9.5 mm) diameter. 

Arc Spot Weld 

Figure E2.2A Typical Weld Washer 
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Figure E2.2B Arc Spot Weld Using Washer 

Arc spot welds shall be specified by minimum effective diameter of fused area, de. Minimum 
allowable effective diameter is 3fs inch (9.5 mm). 

The nominal shear load, Pn, on each arc spot weld between sheet or sheets and supporting mem­
ber shall not exceed the smaller of either 

Pn = 0.625 de2 Fxx ; or 

For (daft)$ 0.815jE/Fu: 

Pn = 2.20tdaFu; 

For 0.815 j(E/Fu)< (daft)< 1.397 j(E/Fu): 

Pn = 0.280[ 1 + 5·
59

J/!]td0Fu; 
da Fu 

For (daft) 2:: 1.397 j(E/Fu): 

Pn = 1.40tdaFu 

WHERE: 
d =Visible diameter of outer surface of arc spot weld 

(Eq. E2.2-l) 

(Eq. E2.2-2) 

(Eq. E2.2-3) 

(Eq. E2.2-4) 

da =Average diameter of the arc spot weld at mid-thickness oft [where da = (d-t) for a single sheet, 
and (d- 2t) for multiple sheets (not more than four lapped sheets over a supporting member)] 

de =Effective diameter of fused area 

de = 0.7d-l.5t but $ 0.55d (Eq. E2.2-5) 
t =Total combined base steel thickness (exclusive of coatings) of sheets involved in shear transfer 

Fxx =Stress level designation in AWS electrode classification 
Fsy =Yield point as specified in Section A3.l or A3.2 
Fu =Tensile strength as specified in Section A3.1 or A3.2 or as reduced for low ductility steel 

Note: See Figures E2.2(C) and E2.2(D) for diameter definitions. 
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da=d ·I 

de= 0.7d -1.51 ~ 0.55d ~da---, 

(C) Arc Spot Weld-Single Thickness of Sheet 

It 

d a= d- 2t 

de= 0.7d- 1.51 ~ 0.55d 

(D) Arc Spot Weld-Double Thickness of Sheet 

Figure E2.2 C, D Arc Spot Welds 
emin = e Oe 

WHERE: 

e = 

Oe= 

p 
-F (Eq. E2.2-7) 

ut 

Factor of safety for sheet tearing 

2.0 when FufFsy <:: 1.15 

= 2.22 when Fu!Fsy < 1.15 

P = Force transmitted by weld 

Thickness of thinnest connected sheet 

Note: See Figures E2.2(E) and E2.2(F) for edge distances of arc welds. 

CHAP. 22, DIV. V 
2230 

(Eq. E2.2-6) 

In addition, the distance from the centerline of any weld to the end or boundary of 
the connected member shall not be less than l.5d. In no case shall the clear distance 
between welds and the end of member be less than l.Od. 

2-521 



CHAP. 22, DIV. V 
2230 1994 UNIFORM BUILDING CODE 

(E) Single Sheet 

(F) Double Sheet 

Figure E2.2 E, F Edge Distances for Arc Spot Welds 

The nominal tension load, Pn, on each arc spot weld between sheet and supportir g member, shall 
not exceed: 

Pn = 0.7 t da fu (Eq. E2.2-8) 

The following additional limitations for use in Eq. 2.2-8 shall apply: 

emin ~ d 

60 ksi (413 MPa) 

Fu s; 60 ksi (413 MPa) 

~ 0.028 in. (0.71 mm) 

If it can be shown by measurement that a given weld procedure will consistently give a larger 
effective diameter, de, or average diameter, da, as applicable, this larger diameter may be used pro­
viding the particular welding procedure used for making those welds is followed. 
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Arc seam welds [Figure E2.3(A)] covered by this Specification apply only to the following 
joints: 

(a) Sheet to thicker supporting member in the flat position. 

(b) Sheet to sheet in the horizontal or flat position. 

The shear load, Pn. on each arc seam weld shall not exceed either 

[d~ LDe] 5 Pn = 4 + - 3- 2. Fxx;or 

Pn 2.5 tFu(0.25L + 0.96 da) 

WHERE: 
d = width of arc seam weld 

L = Length of seam weld not including the circular ends 

(For computation purposes, L shall not exceed 3d.) 

da = Average width of seam weld 

where 

da = (d-t) for a single sheet, and 

(d-2t) for a double sheet 

de = Effective width of arc seam weld at fused surfaces 

de = 0.7d-1.5t 

(Eq. E2.3-1) 

(Eq. E2.3-2) 

(Eq. E2.3-3) 

(Eq. E2.3-4) 

(Eq. E2.3-5) 

and Fu and Fxx are defined in Section E2.2. The minimum edge dista11ce shall be as deter­
mined for the arc spot weld, Section E2.2 [see Figure E2.3(B)]. 

If it can be shown by measurement that a given weld procedure will consistently give a larger 
effective width, de or da as applicable, this value may be used providing the particular welding pro­
cedure used for making the welds that are measured is followed. 

jd Lwidth 
Figure E2.3A Arc Seam Welds­

Sheet to Supporting Member in Flat Position 
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Figure E2.3B Edge Distances for Arc Seam Welds 

E2.4 Fillet Welds 

Fillet welds covered by this Specification apply to the welding of joints in any position, either 

(a) Sheet to sheet, or 

(b) Sheet to thicker steel member. 

The shear load, Pn, on a fillet weld in lap and T-joints shall not exceed the following: 

For longitudinal loading: 

For Lit< 25: 

Pn = ( 1 - 0·~1 L) tLFu 

For Lit ~ 25: 

Pn = 0.75 tLFu 

For transverse loading: 

Pn = tLFu 

WHERE: 
t = Least value oft 1 or tz, Figure E2.4 

(Eq. E2.4-l) 

(Eq. E2.4-2) 

(Eq. E2.4-3) 

In addition, fort> 0.150 inch (3.81 mm), the allowable load for a fillet weld in lap and T-joints 
shall not exceed: 

Pn = 0.75 twLFxx 

WHERE: 
L = Length of fillet weld 

(Eq. E2.4-4) 

tw =Effective throat= 0.707 WJ or 0.707 wz, whichever is smaller. A larger effective throat may be 
taken if it can be shown by measurement that a given welding procedure will wnsistently give 
a larger value providing the particular welding procedure used for making the welds that are 
measured is followed. 

WJ and wz =leg on weld (see Figure E2.4). 

Fu and Fxx are defined in Section E2.2. 
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(A) Lap Joint 

E2.5 Flare Groove Welds 
Figure E2.4 Fillet Welds 
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Flare groove welds covered by this Specification apply to welding of joints in any position, ei­
ther: 
(a) Sheet to sheet for flare-V groove welds, or 
(b) Sheet to sheet for flare-bevel groove welds, or 
(c) Sheet to thicker steel member for flare-bevel groove welds. 

The shear load, P0 , on a weld shall be governed by the thickness, t, of the sheet steel adjacent to 
the weld. The load shall not exceed: 
For flare-bevel groove welds, transverse loading [see Figure E2.5(A)]: 

Pn = 0.833tLFu (Eq. E2.5-l) 
For flare groove welds, longitudinal loading [see Figures E2.5(B), E2.5(C), and E2.5(D)]: 

If the effective throat, tw, is equal to or greater than t but less than 2t or if the lip height is less than 
weld length, L, then: 

Pn = 0.75tLFu (Eq. E2.5-2) 
If tw is equal to or greater than 2t and the lip height is equal to or greater th~cn L, then: 

Pn = 1.50tLFu (Eq. E2.5-3) 
In addition, ift > 0.15 inch (3.81 mm), then: 

Pn = 0.75twLFxx (Eq. E2.5-4) 

Figure E2.5A Flare-Bevel Groove Weld 
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p"' 

p 

(B) Flare Bevel Groove 

p 

(C) Flare V-Groove 

(D) Throat 

Figure E2.5 B, C, D Shear in Flare Groove Welds 
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E2.6 Resistance Welds 
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In sheets joined by spot welding the nominal shear strength per spot, Pn, i:; as follows: 

TABLE E2.6 

Thickness of Thinnest Nominal Shear Strength Thickness of Thinnest Nominal Shear Strength 
Outside Sheet, in. per Spot, kips Outside Sheet, in. per Spot, kips 

X 25.4 for mm X 4448 forN X 25.4 for mm X 4448 forN 

0.010 0.13 0.080 3.33 
0.020 0.48 0.090 4.00 
0.030 1.00 0.100 4.99 
0.040 1.42 0.110 6.07 
0.050 1.65 0.125 7.29 
0.060 2.28 0.190 10.16 
0.070 2.83 0.250 15.00 

E3 Bolted Connections 
The following requirements govern bolted connections of cold-formed steel structural members 

in which the thickness of the thinnest connected part is less than 3t16 inch (4.8 mm) and there are no 
gaps between connected parts. For bolted connections in which the thinnest connected part is equal 
to or greater than 3/ 16 inch (4.8 mm), refer to AISC Specification (Section A6). 

Bolts, nuts and washers shall generally conform to one of the following specifications: 

A 914, A 307 (Type A), A 325, A 354 (Grade BD), A 449, A 490, A 563, F 436, F 844 and F 959. 

When other than the above are used, drawings shall indicate clearly the type and size of fasteners 
to be employed and the allowable force assumed in design. 

Bolts shall be installed and tightened to achieve satisfactory performance of the connections in­
volved under usual service conditions. 

The holes for bolts shall not exceed the sizes specified in Table E3, except that larger holes may 
be used in column base details or structural systems connected to concrete walls. 

TABLE E3 
Maximum Size of Bolt Holes, Inches 

Standard Oversized Short-Slotted Long-Slotted 
Nominal Bolt Hole Hole Hole Hole 
Diameter, d Diameter, d Diameter, d Dimensions, Dimensions, 

in. in. in. in. in. 

X 25.4 formm 

< 1/2 d + 1/32 d + 1/16 
<d + 1t:F> by (d + 1/32) by 

(d + /4) (2 1/2 d) 

~ 1/2 d + 1/16 d + 1/s 
(d + 1/\6) by (d + 1/16) by 

(d + /4) (2 1/2 d) 

Standard holes shall be used in bolted connections, except that oversized and slotted holes may 
be used as approved by the designer. The length of slotted holes shall be nom1al to the direction of 
the shear load. Washers or backup plates shall be installed over oversized or short-slotted holes in an 
outer ply unless suitable performance is demonstrated by load tests in accordance with Section F. 

E3.1 Spacing and Edge Distance 
The distance, e, measured in the line of force from the center of a standard hole to the nearest edge 

of an adjacent hole or to the end of the connected part toward which the force is directed shall not be 
less than the value of emin determined as follows: 

emin =e De (Eq. E3.1-l) 
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WHERE: 

e = .R._ 
Fut 

(a) When Fu!Fsy ;::: 1.15: 

De = Factor of safety for sheet tearing 

= 2.0 

(b) When Fu!Fsy < 1.15: 

De = Factor of safety for sheet tearing 

= 2.22 

WHERE: 
P = Force transmitted by bolt 

=Thickness of thinnest connected part 

Fu =Tensile strength of the connected part as specified in Section A3.1 or A3.2. 

Fsy =Yield point of the connected part as specified in Section A3.1 or A3.2 

(Eq. E3.1-2) 

In addition, the minimum distance between centers of bolt holes shall provide mfficient clear­
ance for bolt heads, nuts, washers and the wrench but shall not be less than 3 times the nominal bolt 
diameter, d. Also, the distance from the center of any standard hole to the end or other boundary of 
the connecting member shall not be less than 11/z d. 

For oversized and slotted holes, the distance between edges of two adjacent holes and the dis­
tance measured from the edge of the hole to the end or other boundary of the conne,;ting member in 
the line of stress shall not be less than the value of [emin-(dh/2)], in which emin is the required dis­
tance computed from the applicable equation given above, and dh is the diameter of a standard hole 
defined in Table E3. In no case shall the clear distance between edges of two adjacent holes be less 
than 2d and the distance between the edge of the hole and the end of the member be less than d. 

E3.2 Tension in Connected Part 

The tension force on the net section of a bolted connection shall not exceed Ta from Section C2 or 
Pa calculated as follows: 

Pa = Pn/ ilt (Eq. E3.2-1) 

WHERE: 

Pn = AnFt 

An= Net section area 

F1 and Q1 are determined as follows: 

(a) When t ;::: 3/16 in. (4.8 mm): 
See AISC Specification (Reference 3 of Section A6) 

(b) When t < 3/16 inch (4.8 mm) and washers are provided under both the bolt head and the nut 

F1 =(1.0-0.9r + 3rd/s) Fu ~ Fu (Eq. E3.2-2) 

Q1 = Factor of safety for tension on the net section 

= 2.0 for double shear 

= 2.22 for single shear 

(c) When t < 3/16 inch (4.8 mm) and either washers are not provided under the bolt head and nut, or 
only one washer is provided under either the bolt head or nut 

F1 =(1.0- r + 2.5rd/s) Fu ~ Fu (Eq. E3.2-3) 
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nt = Factor of safety for tension on the net section 
= 2.22 

WHERE: 
r =Force transmitted by the bolt or bolts at the section considered, divided by the tension force in 

the member at that section. If r is less than 0.2, it may be taken equal to zero. 
s = Spacing of bolts perpendicular to line of stress. 

In the case of a single bolt, 
s = Width of sheet 

Ft = Nominal tension stress limit on net section 
Fu =Tensile strength of the connected part as specified in Sections A3.1 or A3.2 
d and t are defined in Section E3.1. 

E3.3 Bearing 
The bearing force shall not exceed Pa calculated as follows: 
Pa = Pn/Qb 

WHERE: 
Pn = Fpdt 
Qb= Safety factor for bearing 

2.22 
Fp = Nominal bearing stress as given in Tables E3.3-l and E3.3-2. 

(Eq. E3.3-1) 

(Eq. E3.3-2) 

For conditions not shown, forces shall be determined on the basis of test data using a factor of 
safety of 2.22. 

Thickness of connected 

TABLE E3.3·1 
Nominal Bearing Stress for Bolted Connections 

with Washers under Both Bolt Head and Nut 

part, in. 
FufFsy ratio of Nominal bearing 

X 25.4 formm Type of joint connected part 

~0.024 Inside sheet of double shear ~ 1.15 
but< 3/16 connection 

< 1.15 

Single shear and outside sheets of No limit 
double shear connection 

> 3/16 See AISC Specification (Reference 3 of Section A6) 

TABLE 3.3·2 
Nominal Bearing Stress for Bolted Connections Without Wauhers 

Under Both Bolt Head and Nut, or with Only One Washer 

Thickness of connected 

stress, Fp 

3.33 Fu 

3.00Fu 

3.00Fu 

part, in. 
FufFsy ratio of Nominal bearing 

X 25.4formm Type of joint connected part stress, Fp 

~0.036 Inside sheet of double shear ~ 1.15 3.00F0 

but< 3/16 connection 

Single shear and outside sheets of ~ 1.15 2.22 F0 

double shear connection 

~ 3/16 See AISC Specification (Reference 3 of Section A6) 

E3.4 Shear and Tension in Bolts 
The bolt force resulting from shear, tension or combination of shear and tension shall not exceed 

allowable bolt force, Pa. calculated as follows (the factor of safety is included in Tables E3.4-l and 
E3.4-2): 
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Pa = At? (Eq. E3.4-l) 

WHERE: 
Ab = Gross cross-sectional area of bolt 

F is given by Fv. Ft or F' tin Tables E3.4-l and E3.4-2. 

TABLE E3.4-1 

Allowable Shear Stress*, Fv. ksi Allcwable Tension 
Description of Bolts X 6.89 for MPa Stress, F1, ksi 

Threads Not Excluded Threads Excluded 
X 25.4 formm from Shear Plane from Shear Plane X 6.89 for MPa 

A325 Bolts 21 30 44 
A354 Grade B Bolts (I I 4 in. ~ d < 24 40 49 

1/2 in.) 
A449 Bolts 18 30 40 

( 1/4 in.::; d < 1/2 in.) 
A490 Bolts 28 40 54 

A307 Bolts, Grade A (1/4 in.~ d < 9 18 
1/2 in.) 

A307 Bolts, Grade A (1/4 in.~ d < 10 20 
1/2 in.) 

* Apphes to bolts m holes as hm1ted by Table E3. Washers or back-up plates shall be mstalled over 
long-slotted holes and the capacity of connections using long-slotted holes shall be determined by 
load tests in accordance with Section F. 

The pullover strength of the connected sheet at the bolt head, nut or washer should be considered 
where bolt tension is involved. See Section E5.2. 

When bolts are subject to a combination of shear and tension, the tension force :;hall not exceed 
the allowable force, P a• based on F' b given in Table E3.4-2, where fv, the shear stress produced by 
the same forces, shall not exceed the allowable value Fv given above. 

TABLE E3.4-2 
Allowable Tension Stress, F'., for Bolts 

Subject to the Combination of Shear and Tension 

Threads Not Excluded from Threads Excluded 
Description of Bolts Shear Planes from Shear Planes 

X 25.4 for mm X 6.89 for MPa 

A325 Bolts 55 - 1.8 fv =:; 44 55 - 1.4 fv ~ 44 
A354 Grade BD Bolts 61-1.8fv~49 61-l.4fv~49 
A449 Bolts 50- 1.8 fv ~ 40 50-l.4fvs40 
A490 Bolts 68 - 1.8 fv ~ 54 68 - 1.4 fv =:;54 

A307 Bolts, Grade A 
When 1/4 in.~ d < 1/2 in. 23 - 1.8 fv ~ 18 
When d ~ 1/2 in. 26- 1.8 fv ~ 20 

E4 Shear Rupture 
At beam-end connections, where one or more flanges are coped and failure might occur along a 

plane through the fasteners, the shear force shall not exceed the allowable shear force Va, calculated 
as follows: 

Va = Vnlilv (Eq. E4-l) 

WHERE: 
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n = Number of holes in the critical plane 
dh Hole diameter 
Fu = Tensile strength as specified in Sections A3.1 or A3.2 
t = Thickness of coped web 
11v Factor of safety for shear rupture 

= 2.00 

E5 Connections to Other Materials 

E5.1 Bearing 

Proper provisions shall be made to transfer bearing forces resulting from axial loads and mo­
ments from steel components covered by the Specification to adjacent structural components made 
of other materials. The bearing force in the contact area shall not exceed the allowable bearing force 
P a calculated as follows: 

Pa = FpA 
WHERE: 
A = Contact area 

Fp = Allowable bearing stress. (The factor of safety is included in values f~r Fp.) 

In the absence of code regulations for other materials, the following allowable :;tresses may be used: 

Fp = 0.40 ksi (2.76 MPa) on sandstone and limestone 

Fp = 0.25 ksi (1.72 MPa) on brick in cement mortar 

Fp = 0.35 f' con the full area of a concrete support 

Fp = 0.35f' c j (A2/ A 1) ::;; 0. 7f' c on less than the full area of a concrete support 

WHERE: 
f 'c = Specified compression strength of concrete 

A 1 = Bearing area 

A2 = Full cross-sectional area of concrete support 

E5.2 Tension 
The pull-over shear/tension forces in the steel sheet around the head of the fastener should be 

considered as well as the pull-out force resulting from axial loads and bending moments transmitted 
onto the fastener from various adjacent structural components in the assembly. 

The allowable tensile strength of the fastener and the allowable imbedment strength of the adja­
cent structural component shall be determined by applicable product code a.pprovals, or product 
specifications and/or product literature. 

E5.3Shear 
Proper provisions shall be made to transfer shearing forces from steel components covered by 

this Specification to adjacent structural components made of other materials. The allowable shear 
and/or bearing forces on the steel components shall not exceed that allowed by this Specification. 
The allowable shear force on the fasteners and other material shall not be ex:ceeded. Imbedment 
requirements are to be met. Proper provision shall also be made for shearing forces in combination 
with other forces. 

F. TESTS FOR SPECIAL CASES 
(a) Tests shall be made by an independent testing laboratory or by a testing lab~ratory of a manufac­
turer. 
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(b) The provisions of Chapter F do not apply to cold-formed steel diaphragms. 

F1 Tests for Determining Structural Performance 
Where the composition or configuration of elements, assemblies, connections, or details of 

cold-formed steel structural members are such that calculation of their safe load-c2.rrying capacity 
or deflection cannot be made in accordance with the provisions of this Specification. their structural 
performance shall be established from tests and evaluated in accordance with the following proce­
dure. 
(a) Where practicable, evaluation of tests results shall be made on the basis of the mean values re­
sulting from tests of not fewer than three identical specimens, provided the deviation of any individ­
ual test result from the mean value obtained from all tests does not exceed ±10 percent. If such 
deviation from the mean exceeds 10 percent, at least three more tests of the same kin::! shall be made. 
The average of the three lowest values of all tests made shall then be regarded as the result of the 
series of tests. 
(b) The required load-carrying capacity shall be: 

R= 0 Fo + L FL (Eq. F1-l) 
where D and L are the dead and live loads, respectively, 0 shall include the weight of the test speci­
men. Fo and FL are the dead and live load factors specified below. R shall be taken as the largest 
applicable value determined as follows: 

(!)The minimum load-carrying capacity, R, shall be calculated from the formula 

R ~ 1.50 + 2L (Eq. Fl-2) 
R shall be multiplied by 1.25 for steels not listed in Section A3.1 
R may be divided by 11/3 when the loading consists of wind or earthquake loads alone, or in 
combination with dead, live, or snow loads, but shall not be less than R caJculated for the 
combination of dead and live loads only, without wind or earthquake loads. 

(2)The load at which distortions interfere with the proper functioning of the specimen in actual 
use shall not be less than: 

R ~ 0 + 1.5L 
(Eq. Fl-3) 

(3)The load carrying capacity when limited by connection failure shall not be less than: 

R ~ 2.50 + 2.5L (Eq. Fl-4) 
(c) If the yield point of the steel from which the tested sections are formed is larger than the speci­
fied value, the test results shall be adjusted down to the specified minimum yield point of the steel 
which the manufacturer intends to use. The test results shall not be adjusted upward if the yield point 
of the test specimen is less than the minimum specified yield point. Similar adju:;tments shall be 
made on the basis of tensile strength instead of yield point where tensile strength i~. the critical fac­
tor. 

Consideration must also be given to any variation or differences which may exist between the 
design thickness and the thickness of the specimens used in the tests. 

F2 Tests for Confirming Structural Performance 
The procedures and formulas specified in Section Fl are not applicable to confirmation tests on 

specimens whose capacities can be computed according to this Specification or its specific refer­
ences. A successful confirmatory test shall demonstrate a safety factor not less than that implied in 
the Specification for the type of behavior involved. 

F3 Tests for Determining Mechanical Properties 

F3.1 Full Section 
Tests for determination of mechanical properties of full sections to be used in Section A5.2.2 

shall be made as specified below: 

2-532 



1994 UNIFORM BUILDING CODE 
CHAP. 22, DIV. V 

2230 

(a) Tensile testing procedures shall agree with Standard Methods and Definicions for Mechanical 
Testing of Steel Products, ASTM A370. 
Compressive yield point determinations shall be made by means of compression tests of short spec­
imens of the section. 

(b) The comprehensive yield stress shall be taken as the smaller value of either the maximum com­
pressive strength of the sections divided by the cross section area or the stress defined by one of the 
following methods: 

(l)For sharp yielding steel, the yield point shall be determined by the autographic diagram 
method or by the total strain under load method. 

(2)For gradual yielding steel, the yield point shall be determined by the strain under load method 
or by the 0.2 percent offset method. 

When the total strain under load method is used, there shall be eviden<;e that the yield point 
so determined agrees within 5 percent with the yield point which would be determined by the 
0.2 percent offset method. 

(c) Where the principal effect of the loading to which the member will be sut~ected in service will 
be to produce bending stresses, the yield point shall be determined for the flanges only. In determin­
ing such yield points, each specimen shall consist of one complete flange plm; a portion of the web 
of such flat width ratio that the value of p for the specimen is unity. 

(d) For acceptance and control purposes, two full section tests shall be made from each lot of not 
more than 50 tons (45 360 kg) nor less than 30 tons (27 216 kg) of each section, or one test from each 
lot of less than 30 tons (27 216 kg) of each section. For this purpose, a lot may be defined as that 
tonnage of one section that is formed in a single production run of material from one heat. 

(e) At the option of the manufacturer, either tension or compression tests may be used for routine 
acceptance and control purposes, provided the manufacturer demonstrates that such tests reliably 
indicate the yield point of the section when subjected to the kind of stress under which the member 
is to be used. 

F3.2 Flat Elements of Formed Sections 

Tests for determining mechanical properties of flat elements of formed sections and representa­
tive mechanical properties of virgin steel to be used in Section A5.2.2 shall be made in accordance 
with the following provisions: 

The yield point of flats, Fyr. shall be established by means of a weighted average of the yield 
points of standard tensile coupons taken longitudinally from the flat portions of a representative 
cold-formed member. The weighted average shall be the sum of the product:; of the average yield 
point for each flat portion times its cross sectional area, divided by the total ar,~a of flats in the cross 
section. The exact number of such coupons will depend on the shape of the member, i.e.,on the num­
ber of flats in the cross section. At least one tensile coupon shall be taken from the middle of each 
flat. If the actual virgin yield point exceeds the specified minimum yield point, the yield point of the 
flats, Fyr. shall be adjusted by multiplying the test values by the ratio of the specified minimum yield 
point to the actual virgin yield point. 

F3.3 Virgin Steel 

The following provisions apply to steel produced to other than the ASTM Specifications listed in 
Section A3.1 when used in sections for which the increased yield point of the steel after cold form­
ing shall be computed from the virgin steel properties according to Section A5.2.2. For acceptance 
and control purposes, at least four tensile specimens shall be taken from each lot as defined in Sec­
tion F3.1 (d) for the establishment of the representative values of the virgin t'~nsile yield point and 
ultimate strength. Specimens shall be taken longitudinally from the quarter points of the width near 
the outer end of the coil. 
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Division VI-DESIGN STANDARD FOR STEEL STORAGE RACKS 

Based on the Specification for the Design, Testing and Utilization c1f Industrial 
Steel Storage Racks, 1990 Edition, by the Rack Manufacturers Institute 

SECTION 2231 - GENERAL PROVISIONS 

2231.1 Scope. This division shall apply to pallet racks, movable shelf racks a11d stacker-racks 
made of cold-formed or hot-rolled steel structural members. It shall not apply to other types of 
racks, such as cantilever racks, drive-in and drive-through racks and rack buildings. 

The design of racks not covered by this standard shall be in accordance with the provisions of 
Section 1630 using the loads as defined in this division. 

EXCEPTION: The building official may waive the design requirements for storage racks less than or 
equal to 8 feet (2438 mm) in height. 

2231.2 Definitions. For the purpose of this division, certain terms are defined as follows: 

FRAMES are the rigid-connection frames composed of posts and pallet beam~ in pallet racks, 
and the upright (trussed) frames. 

MOVABLE-SHELF RACKS are a type of rack where the shelves are removable and replace-
able in multiple locations in the section opening. 

PALLET is a portable platform on which goods are placed for storage or tram:portation. 

PALLET GUIDE is a device to prevent a pallet from sliding off its support beam or rail. 

PALLET RACK (also Standard Pallet Rack) is a rack which utilizes horizontal beams 
connected to prefabricated upright frames to provide independent, multiple-level storage (usually 
on either side of an aisle). The horizontal beams support pallets. 

PALLET RACK BEAMS (also Shelf Beams) are horizontal structural m~mbers used to 
support pallets in a rack. 

STACKER RACKS (also Stacker Crane Racks) are a rack arrangement, usually higher than 
other types of racks, where floor-running storage and retrieval machines are used to shuttle loads. 
These machines are generally rail mounted and often fully automated and computer controlled. 

STACKER-RACK BEAMS are horizontal structural members used to support pallets in a 
stacker rack. 

STEEL STORAGE RACK is a single or multilevel storage system in single or multi-bays con­
sisting of vertical columns or posts and horizontal beams. Diagonal and horizontal trussed bracing 
is often used to resist horizontal loads. The beams generally support pallets, and the system may be 
one of a number of different types (Standard Pallet Rack, Stacker Rack, etc.); see definitions of each 
type. 

UNIT LOAD is a standardized load, meaning, for example, pallet load if palle1s are used. Also 
refers to other standardized loads such as barrels which may be stored without pallets. 

2231.3 Materials. This standard contemplates the use of steel of structural quality as listed in 
Division I. 

Steels not listed in the above provisions are not excluded, provided they conform to the chemical 
and mechanical requirements of one of the listed specifications or other published specifications 
which establish their properties and structural suitability; and provided they are subjected by either 
the producer or the purchaser to analyses, tests and other controls to the extent ar,d in the manner 
prescribed by one of the two listed specifications, as applicable. 

2231.4 Applicable Design Specifications. Except as either modified or supp· emented herein 
Division I, shall apply to the design of steel storage racks. 
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2231.5 Integrity of Rack Installations. Individual rack components and assemblies thereof shall 
comply with this standard. 

All rack installations and racks manufactured in conformity with this standard shall display in 
one or more conspicuous locations a permanent plaque each not less than 50 square inches (32 258 
mm2] in area and showing the maximum permissible unit load in clear, legible print. 

EXCEPTION: The building official may waive plaque installation for racks not exceeding 12 feet (3658 
mm) in height to top shelf, covering a floor area less than 300 square feet (27 .87 m2>. with a unit load not ex­
ceeding 2,500 pounds (II 121 N), and without double stacking on top level. 

Load application and rack configuration drawings shall be furnished with each rack installation. 
The drawings shall present the permissible configurations or limitations as to the maximum number 
of shelves or rails, the maximum distance between them, and the maximum distance from the floor 
to the bottom shelf or rail. 

The bottom of all posts shall be furnished with bearing plates, according to Section 2236.2. 
Drive-in, drive-through and stacker racks shall be anchored to the floor by anchor bolts capable of 
resisting the horizontal shear forces caused by the horizontal and vertical loads on the rack. 

The stability of movable-shelf racks shall not be dependent upon movable shelves. Those com­
ponents which provide stability, such as permanently bolted or welded top shelves and the longitu­
dinal and transverse diagonal bracing, shall be clearly identified on tht~ rack configuration 
drawings. In specific movable-shelf rack installations where rack height requires it, a conspicuous 
warning is to be placed in the owner's utilization instruction manual of any restrictions on shelf 
placement or shelf removal. Such restrictions also are to be permanently postf:d in locations clearly 
visible to forklift operators. 

Lower portions of posts exposed to damage by forklift trucks or other moving equipment shall 
have protective devices. If not so protected the rack structure may, at the option of the building offi­
cial: (I) be designed to maintain its full design load capacity at allowable stre:;ses with the exposed 
post capacity reduced by one-half, or (2) be designed to maintain its full design load capacity at 50 
percent increased allowable stresses with the exposed post assumed to have no carrying capacity. 

Where racks are braced against the building structure, the building structure shall be designed for 
the horizontal and vertical forces listed in Section 2235.1 imposed on the building structure. 

Racks shall be installed with a maximum tolerance from the vertical of 1 inch in 10 feet (25.4 mm 
in 3048 mm) of height. Special conditions may require more restrictive tolerances. 

Support of racks by foundations, concrete floor slabs or other means shall bt: in conformance with 
Chapter 18. 

SECTION 2232 - DESIGN PROCEDURES AND DIMENSIONAL LIMITATIONS 

2232.1 General. All computations for allowable loads, stresses and deflections shall be in accor­
dance with conventional methods of structural design, and as specified in Section 2231.4, except 
where modified or supplemented herein. Where adequate methods of design calculations are not 
available, justification by a testing program acceptable to the building offic.al may be used. 

2232.2 Dimensional Limitations. The limitations on flat-width ratios and slenderness ratios in 
Division I and Division V shall apply except for the following conditions: 

1. Slenderness limitations shall not be imposed on tension members whi~h do not resist com­
pression forces under any loading condition. 

2. The unbraced length of compression or tension members shall be the length between connec­
tions to other structural members disposed in the direction of the pertinent .·adius of gyration, or 
from such a connection to the nearest attachment to an external fixed struct11re, such as a floor. 

SECTION 2233 - ALLOWABLE STRESSES AND EFFECTIVE WIDTHS 

2233.1 General. Allowable stresses and effective design widths shall be as :;pecified in Division I 
and Division V except as provided herein. Allowable stresses for working stress design may be in-
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creased one-third when considering wind or earthquake forces either acting alone or when com­
bined with vertical loads. 

2233.2 Perforated Compression Members. The effect of perforations on the cnrrying capacity 
of compression members shall be recognized by modification of the Q-factor. Q-values for 
perforated compression members shall be determined by stub column tests acceptable to the 
building official. These members shall be designed in an approved manner. The effects of 
perforations on the capacity of members may be considered by using the section properties based on 
the minimum net area. 

2233.3 Torsional-flexural Buckling. Sections subject to torsional-flexural buckling shall be 
designed according to Division V. 

SECTION 2234 - PALLET AND STACKER-RACK BEAMS 

2234.1 Allowable Loads. Where the shape of the cross section permits, allowable loads of 
pallet-carrying beams shall be determined in accordance with Division I or Division V. 

2234.2 Deflections. At working load the deflections, including possible deform~,tions in the end 
connections, shall not exceed 1/180 of the span measured with respect to the bean ends. 

2234.3 Determination by Test. Where the configuration of the cross section precludes calcula­
tion of allowable loads and deflections, determination may be made with a testing program accept­
able to the building official. 

SECTION 2235 - FRAME DESIGN 

2235.1 General. Frames shall be designed for the critical combinations of vert .cal loads in the 
most unfavorable positions, horizontal loads as specified in Section 2237.3, and the additional ef­
fects of horizontal sway caused by looseness, if any, of the top tie beam to post connections. 

2235.2 Effective Lengths. Effective lengths based on valid engineering principles shall be used 
in the design of posts and upright frames. 

SECTION 2236 - CONNECTIONS AND BEARING PLATES 

2236.1 Connections. Adequate strength of connections to withstand calculated resultant forces 
and moments, and adequate rigidity where such is required, shall be demonstrated by calculation or 
by testing in an approved manner. 

Beams shall have support connections capable of withstanding an upward force of 1 ,000 pounds 
(4448 N) per connection within allowable design values of this code. 

For movable-shelf racks, the top shelf and other fixed shelves are to include support connections 
capable of withstanding an upward force of 1,000 pounds ( 4448 N) per conne,;tion within the 
allowable design values of this code. 

The movable shelves are generally constructed of a set of front and rear longitudinal beams 
connected to each other rigidly by transverse members. The movable shelves are to be connected in 
such a way to prevent forward displacement when lifting out the front beam of the shelf. 

2236.2 Bearing Plates. Provision shall be made to transfer post loads and moments into the floor. 
Said forces and moments shall be consistent in magnitude, sense and direction with the rack analy­
sis. Allowable bearing stresses on the bottom of base plates shall be determined in accordance with 
Chapter 19. 

SECTION 2237 - LOADS 

2237.1 Gravity Loads. Racks shall be designed for dead loads, live loads and unit loads as posted 
on the rack installation under Section 2231.5. 
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2237.2 Vertical Impact. Unit load-carrying beams, supporting anns, if any, and end connections 
shall be designed for an additional vertical impact load of 25 percent of one unit load located to 
produce maximum moments and shears. Impact stresses shall not exceed sLresses referenced in 
Section 2233, nor shall they cause detrimental permanent deformations in ccnnections. When al­
lowable loads are determined by tests, due allowance shall be made for the additional impact load. 
Impact loads may be omitted when checking beam deflections and designing ·1pright frames, posts 
and other vertical components. 

2237.3 Horizontal Loads. 

2237.3.1 General. All racks shall be designed for the horizontal forces a11d allowable stresses 
specified in this standard. These forces shall not cause permanent distortions of connections when 
subject to test, or permanent residual sway deflections (of the entire rack when subject to full-scale 
rack tests) larger than 20 percent of the sway deflections measured under the simultaneous action of 
horizontal and vertical loads. 

2237.3.2 Horizontal stability. Horizontal stability shall be determined by applying horizontal 
forces simultaneously at all beam-to-post connections equal to 1.5 percent of the maximum live 
load plus dead load at the connection. The forces shall be applied separately in each of the two prin­
cipal directions of the rack and in conjunction with full dead and live loads. 

2237.3.3 Stacker racks or racks wholly or partially supporting movin~: equipment. Racks 
shall be designed for maximum forces and their locations, transmitted from moving equipment to 
racks, and applicable longitudinal and transverse impact factors due to mov1 ng equipment. 

Devices acting as bumpers to stop moving equipment shall be considered in the design. 

Forces described in this subsection need not act concurrently with those described in Sections 
2237.3.2 and 2237.5.1. 

2237.4 Wind Loads. Outdoor racks exposed to wind shall be designed for the wind loads pre­
scribed by Chapter 16 acting on the horizontal projection of rack plus contents. For stability, consid­
eration shall be given to loading conditions which produce large wind forces combined with small 
stabilizing gravity forces, such as racks fully loaded, but with unit loads of much smaller weight 
than the maximum posted unit load. 

Forces described in Sections 2237.3.2 and 2237.5.1 need not act concurre1tly with wind loads. 
Forces described in Section 2237.3.3 shall act concurrently with wind forces for design purposes. 

2237.5 Earthquake Loads. 

2237.5.1 General. Steel storage racks which are not connected to buildings or other structures 
shall be designed to resist seismic forces in conformance with this standard. 

2237.5.2 Minimum earthquake forces. The total minimum lateral force shall be determined by 
the following formula: 

V = (ZIC!Rw) W 

WHERE: 
C = 1.25 SIT 213. The value of C need not exceed 2. 75 and may be used for any structure with­

out regard to soil type or structure period. Tis the fundamental peri Jd of vibration of the 
rack in seconds in the direction under consideration. Properly subs1:antiated calculations 
or test data for establishing the period, T. shall be submitted. The minimum value of C!Rw 
shall be 0.075. 

I = occupancy importance factor as specified in Table 16-K. 
Rw = 6.0 for racks or portions thereof where lateral stability is dependent upon diagonal or x­

bracing. Connection for the bracing members shall be capable of developing the required 
strength of the members. 
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Rw = 8.0 for racks where the lateral stability is wholly dependent on moment-resistant frame 
action. 

S = the site soil coefficient for soil characteristics given in Table 16-J. 
V total lateral seismic force assumed to act nonconcurrently in the direction of each of the 

main axes of the rack. For racks having more than two storage levels, the total lateral 
force, V, shall be distributed over the height of the rack in accordance with 

w 

z 

F; = 

i =I 

in which F; is the lateral force applied at level i; W; is the portion of the total weight, W. 
which is assigned to level i; h; is the height of level i above the base of the rack; and n is the 
total number of storage levels. The lateral force, V, shall be distributed in proportion to the 
total weight, W. 
weight of rack structure plus contents. Where a number of storage rack ur its are intercon­
nected so there are a minimum of four columns in any direction on each column line de-
signed to resist horizontal forces, W may be equal to the total dead load plus 50 percent of 
the rack-rated capacity. In Seismic Zones 3 and 4, wholesale and retail a~eas, the 50 per­
cent may only be used when combined with C!Rw = 0.50. 
numerical coefficient dependent upon the zone as determined by Figure ~ in Chapter 16. 
For locations in Seismic Zone 1, Z = 0.075. For locations in Seismic Zon1! 2A, Z = 0.150. 
For locations in Seismic Zone 2B, Z = 0.200. For locations in Seismic Zcne 3, Z = 0.300. 
For locations in Seismic Zone 4, Z = 0.400. 

Other Rw values may be considered based on submission of substantiating data. 

2237.6 Storage Racks in Buildings. Storage racks located in buildings at levels above the ground 
level, rack buildings or racks which depend upon attachments to buildings or other structures at 
other than the floor level for their lateral stability, shall be designed to resist earthquake forces that 
consider the responses of the building and storage rack to earthquake ground motions as specified in 
Chapter 16, Division III. 

2237.7 Other Considerations. 

2237.7.1 Overturning. In determining overturning moments, the total weight shall be assumed 
to act at a height equal to 1.15 times the distance from the floor to the actual center of gravity of all 
the horizontal forces. 

I Equal safety against an overturning moment shall be provided when only the top level of the rack 
is loaded, in which case it is to be assumed that the force acts through the center of gravity of the top 
load. 

2237.7.2 Torsional forces. Torsional forces shall be considered based on the critical combination 
of loaded and unloaded storage spaces. 

2237.7.3 Concurrent forces. Forces described in Sections 2237.3.2, 2237.3.3 and 2237.4, need 
not be assumed to act concurrently with earthquake loads. 

SECTION 2238 - SPECIAL RACK DESIGN PROVISIONS 

2238.1 Stability of Truss-braced Upright Frames. The maximum allow at le compression 
stress in the posts of truss-braced upright frames shall be determined from Division I and Divi­
sion V. 

I 2238.2 Overturning and Height-to-Depth Ratio. Overturning shall be based on the critical 
combination of vertical and horizontal loads. Stabilizing forces provided by anchor bolts to the 
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floor shall not be considered to resist overturning unless the anchors are specifically designed and I 
installed to resist the uplift forces. Unless all columns are so anchored, the minimum ratio between 
righting moment and overturning moment shall be 1.5. Sections 2237.4 and 2~.37.7 shall be consid­
ered in the design. 

The height-to-depth ratio of a storage rack shall not exceed 6 to I measuring to the top of the top­
most load unless the rack is anchored or braced externally. 

2238.3 Connections to Buildings. Connections of racks to buildings, if any, shall be designed 
and installed to prevent reactions or displacements of the buildings or racks from damaging one 
another. Section 2237.5 shall be considered. 
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Division VII-DESIGN STANDARD FOR STRUCTURAL APPLICATIONS OF 
STEEL CABLES FOR BUILDINGS 

Based on the Criteria for Structural Applications of Steel Cables fo,r Buildings, 
1973 Edition. 

SECTION 2239 - SCOPE 

This standard is intended to provide for the design, fabrication and erection of cables used as 
load-carrying members in building structures or parts thereof. 

SECTION 2240- MATERIAL 

2240.1 Cables. Cable shall be either zinc-coated steel structural strand, zinc-coated steel structur­
al wire rope or equivalent. 

2240.2 Poured Zinc Fittings. Zinc used for attaching fittings shall be at least equal to the grade 
designated as "high grade." 

SECTION 2241- LOAD COMBINATIONS FOR SELECTION OF CABL.ES 

The effective design breaking strength of the cable shall be equal to or greater than the largest value 
produced by the following cable tension conditions: 

1. 2.2 T1 4. 2.0 T4 
2. 1.6 T1 + 2.7 T2 5. 2.0 T5 

3. 2.2 T3 6. 2.0 T6 

WHERE: 
T1 = net tension in cable due to dead load and prestress. 

T2 change in cable tension due to the application of live load. 

T3 net tension in cable due to dead load, prestress and live load. 

T4 net tension in cable due to dead load, prestress, live load and wind or earthquake. 
Ts net tension in cable during erection of the structure. 

T6 net tension in cable due to dead load, prestress and wind. 

SECTION 2242 - DESIGN CONSIDERATIONS 

The design and analysis shall be based on the following considerations, in addition to those 
mentioned elsewhere in this standard. 

1. The effective design breaking strength shall be equal to the specified minimum breaking 
strength, except that when saddles are used the effective design breaking strength shall be reduced 
as follows: 

EFFECTIVE DESIGN BREAKING STRENGTH 
RATIO OF SADDLE RADIUS TO RATIO OF SADDLE RADIUS TO AS PERCENT OF SPEI:IAED MINIMUM 

STRAND DIAMETER WIRE ROPE DIAMETER BREAKING ST~ENGTH 

20 and over 15 and over 100 
19 14 95 
18 13 90 
15 12 85 
16 II 80 

15 minimum IOminimum 75 
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3. Elastic stretch of the cables and deformation of the supporting structure shall be taken into 
account in the design. 

4. Displacement resulting from changes in magnitude and position of the J,Jad and its effects on 
cable stresses shall be considered. 

SECTION 2243 - DEFLECTIONS 

Cables supporting floors and roofs shall be proportioned with due regard to thf: deflection produced 
by the design loads. 

Cables supporting floors and roofs shall be so proportioned that the maximum deflection under 
the combined action of applied loads and cable stretch will not damage the supported structure of 
finishes. 

SECTION 2244 - END FITTINGS, SADDLES AND CLAMPS 

2244.1 End Fittings. In general, end fittings for anchored cables shall be designed and attached to 
develop the breaking strength of the cables. 

End fittings shall be so positioned that visual inspection of the fittings and wire rope near the fit­
tings can be accomplished. Such an arrangement shall not provide a collection point for dirt, mois­
ture or other corrosive agents. 

2244.2 Saddles. Saddles shall be designed with due consideration of bearing pressures, bend radii 
and groove diameters. All surfaces in contact with cables shall be smooth. The ends of grooves shall 
be contoured to avoid excessive bending and/or chafing of the cable. 

2244.3 Clamps. Clamps shall be designed with due consideration of bearing pressures, deflection 
angles, holding power and groove diameters. All surfaces in contact with caoles shall be smooth. 
All edges that contact the cable shall be sufficiently rounded to suit all conditions of design and 
erection. 

SECTION 2245 - PROTECTIVE COATINGS 

Unless environmental conditions warrant the use of coating with other types of materials, or leaving 
the cables uncoated, cables shall have protection at least equivalent to Class A zinc coating on all 
wires as specified in Section 2240.1. 

SECTION 2246 - FABRICATION 

2246.1 General. Cables for building structures shall be fabricated in acwrdance with the best 
current practice. 

2246.2 Splices. Splicing of finished cables between end fittings shall not be permitted. 

2246.3 Prestretching. Cables shall be fabricated to achieve the minimum values for the modulus 
of elasticity specified by the designer. 

2246.4 Cable Length Measurements. Length measurements shall be mad! under loadings spe­
cified by the designer. 

2246.5 Striping. Cables shall be longitudinally striped while under the spedfied loadings estab­
lished for length measurement. 

SECTION 2247 - ERECTION 

2247.1 Bracing. Temporary bracing shall be introduced wherever necessary to accommodate all 
loads to which the structure may be subjected during construction, including erection equipment 
and the operation of same. Such bracing shall be left in place as long as may be required for safety. 
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2247.2 Adequacy of Temporary Connections. As erection progresses, temporary connections 
shall be adequate for the most severe combinations of loads that may be encountt:red. 

2247.3 Cable Installation. Care shall be exercised during erection to avoid damaging the cables 
and their coatings. 

Each cable shall be positioned such that the relative turns from one end socket :o the other end 
socket (external turns) are a maximum of 10 degrees. This will establish the theoretical position of 
the longitudinal stripe line as the line from striped end socket to striped end sockr~t. At any cross 
section between sockets, the maximum turns of a point on the actual stripe line relative to a point on 
the theoretical position of the stripe line shall be± 90 degrees (internal turns). 

Fittings fastened to intermediate points along the cable shall be fastened to the cable in a position 
within a l 0-degree tum from the actual stripe line. A positive twist may be induced in the cable as 
the fitting is positioned to the structure. 

2247.4 Intermediate Fittings. Intermediate fittings shall be designed and attachd in a manner to 
prevent damage to the cable. 

2247.5 Permanent Fittings Attached in the Field. When permanent fittings are attached to 
cables in the field, the work shall be performed in accordance with the suggestions of the cable man­
ufacturer. 
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Division VIII-DESIGN STANDARD FOR LOAD AND RESISTANCE FACTOR 
DESIGN FOR STRUCTURAL STEEL BUILDINGS 

Based on Load and Resistance Factor Design Specifh:ation 
for Structural Steel Buildings of the 

American Institute of Steel Construction, Inc. 

(September 1, 1986, with Supplement No.1, January 1, 1989) 

Section 2248 of this division contains the exceptions to the referenced specification. Section 
2249 of this division is "Load and Resistance Factor Design Specification for Structural Steel 
Buildings" and Supplement No. I, reproduced with permission of the publisher. 

NOTE: I Pa = I Nfm2, I MPa = I N/mm2 

SECTION 2248 - SCOPE 

The American Institute of Steel Construction specification adopted by this division applies to the 
design, fabrication, erection and quality control of structural steel except as modified by this part. 
Where other codes, standards or specifications are referred to in this standard, they are to be consid­
ered as only an indication of an acceptable method or material that can be usecl with the approval of 
the building official. 

1. Appendices. Appendices Sections BS Local Buckling, E3 Columns and Other Compression 
Members, FI Design for Flexure, F4 Web-tapered Members, G Plate Girders, H3 Members under 
Torsion and Combined Forces, K2 Ponding and K4 Fatigue are specifically adopted and made a part 
of this standard. 

2. Sec. At is amended as follows: 

This standard is intended as an alternative to Division IX. 

3. Sec. A2.1 is amended by changing the last sentence as follows: 

For the design of cold-formed steel structural members, which profiles cor,tain rounded corners 
and slender flat elements, the provisions of Divisions V and X shall apply. (Note: If the proposed 
Division X, based on AISI "Load and Resistance Factor Design for Cold-f01med Steel Structural 
Members," is adopted, this cross-reference should be added.) 

4. Sec. A4 is amended as follows: 

The nominal loads shall be the minimum design loads required by the code, and the load combi­
nations shall be as specified in Section A4.I. 

5. Sec. A6 is amended further by substituting "Division IV" for Rt~search Council for 
Structural Connections "Specifications for Structural Joints Using ASTM A 325 or A 490 
Bolts." 

SECTION 2249 - ADOPTION 

Reproduced with permission from the American Institute of Steel Construction, I East Wacker 
Drive, Suite 3IOO, Chicago, Illinois 60601. Persons desiring to reprint in whole or in part any por­
tion of this specification must secure permission from the American Institute of Steel Construction, 
Inc. 
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A. GENERAL PROVISIONS 
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TABLE OF CONTENTS 

AI. Scope (Modified per Section 2248) 
A2. Limits of Applicability 

1. Structural Steel Defined (Modified per Section 2248) 
2. Types of Construction 

A3. Material 
I. Structural Steel 
2. Steel Castings and Forgings 
3. Bolts 
4. Anchor Bolts and Threaded Rods 
5. Filler Metal and Flux for Welding 
6. Stud Shear Connectors 

A4. Loads and Load Combinations (Modified per Section 2248) 
I. Loads, Load Factors and Load Combinations 
2. Impact 
3. Crane Runway Horizontal Forces 

AS. Design Basis 
I. Required Strength at Factored Loads 
2. Limit States 
3. Design for Strength 
4. Design for Serviceability and Other Considerations 

A6. Referenced Codes and Standards (Modified per Section 2248) 
A 7. Design Documents 

I. Plans 
2. Standard Symbols and Nomenclature 
3. Notation for Welding 

B. DESIGN REQUIREMENTS 
Bl. Gross Area 
B2. NetArea 
B3. Effective Net Area 
B4. Stability 
BS. Local Buckling 

1. Classification of Steel Sections 
2. Sections for Plastic Analysis 
3. Slender Compression Elements 

B6. Bracing at Supports 
B7. Limiting Slenderness Ratios 

C. FRAME AND OTHER STRUCTURES 
Cl. Second Order Effects 
C2. Frame Stability 

1. Braced Frames 
2. Unbraced Frames 

2-544 



1994 UNIFORM BUILDING CODE 
CHAP. 22, DIV. VIII 

2249 

D. TENSION MEMBERS 
Dl. Design Tensile Strength 
D2. Built-up Members 
D3. Eyebars and Pin-connected Members 

E. COLUMNS AND OTHER COMPRESSION MEMBERS 
El. Effective Length and Slenderness Limitations 

1. Effective Length 
2. Plastic Analysis 

E2. Design Compressive Strength 
E3. Flexural-torsional Buckling 
E4. Built-up Members 
ES. Pin-connected Compression Members 

F. BEAMS AND OTHER FLEXURAL MEMBERS 
Fl. Design for Flexure 

1. Unbraced Length for Plastic Analysis 
2. Flexural Design Strength 
3. Compact Section Members with 4 :5 L r 

4. Compact Section Members with 4 > L r 

5. Tees and Double-angle Beams 
6. Noncompact Plate Grinders 
7. Nominal Flexural Strength of Other Sections 

F2. Design for Shear 
1. Web Area Determination 
2. Design Shear Strength 

F3. Transverse Stiffeners 
F4. Web-tapered Members (see Appendix F4) 

G. PLATE GIRDERS 

H. MEMBERS UNDER TORSION AND COMBINED FORCES 
Hl. Symmetric Members Subject to Bending and Axial Force 

1. Doubly and Singly Symmetric Members in Flexure and Tension 
2. Doubly and Singly Symmetric Members in Flexure and Compre~sion 

H2. Unsymmetric Members and Members under Torsion and Combined Torsion, Flexure 
and/or Axial Force 

H3. Alternate Interaction Equations for Members under Combined Stress 
(see Appendix H3) 

I. COMPOSITE MEMBERS 
11. Design Assumptions 
I2. Compression Members 

1. Limitations 
2. Design Strength 
3. Columns with Multiple Steel Shapes 
4. Load Transfer 

13. Flexural Members 
1. Effective Width 
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2. Strength of Beams with Shear Connectors 
3. Strength of Concrete-encased Beams 
4. Strength during Construction 
5. Formed Steel Deck 
6. Design Shear Strength 

I4. Combined Compression and Flexure 
IS. Shear Connectors 

1. Materials 
2. Horizontal Shear Force 
3. Strength of Stud Shear Connectors 
4. Strength of Channel Shear Connectors 
5. Required Number of Shear Connectors 
6. Shear Connector Placement and Spacing 

I6. Special Cases 

J, CONNECTIONS, JOINTS AND FASTENERS 
Jl. General Provisions 

l. Design Basis 
2. Simple Connections 
3. Moment Connections 
4. Compression Members with Bearing Joints 
5. Minimum Strength of Connections 
6. Placement of Welds and Bolts 
7. Bolts in Combination with Welds 
8. High-strength Bolts in Combination with Rivets 
9. Limitations on Bolted and Welded Connections 

J2. Welds 
1. Groove Welds 
2. Fillet Welds 
3. Plug and Slot Welds 
4. Design Strength 
5. Combination of Welds 
6. Matching Steel 

J3. Bolts, Threaded Parts and Rivets 
1. High-strength Bolts 
2. Effective Bearing Area 
3. Design Tension or Shear Strength 
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4. Combined Tension and Shear in Bearing-type Connections 
5. High-strength Bolts in Slip-critical Joints 
6. Bearing Strength at Bolt Holes 
7. Size and Use of Holes 
8. Long Grips 
9. Minimum Spacing 

10. Minimum Edge Distance 
11. Maximum Edge Distance and Spacing 

J4. Design Shear Rupture Strength 
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JS. Connecting Elements 
1. Eccentric Connections 
2. Design Strength of Connecting Elements 

J6. Fillers 
J7. Splices 
JS. Bearing Strength 

1. Milled or Finished Surfaces 
2. Expansion Rollers and Rockers 

J9. Column Bases and Bearing on Concrete 
JlO.Anchor Bolts and Embedments 

1. Anchor Bolts 
2. Embedments 
3. Prestressed Embedments 

K. STRENGTH DESIGN CONSIDERATIONS 
Kl. Webs and Flanges with Concentrated Forces 

1. Design Basis 
2. Local Flange Bending 
3. Local Web Yielding 
4. Web Crippling 
5. Sidesway Web Buckling 
6. Compression Buckling of the Web 
7. Compression Members with Web Panels Subject to High Shear 
8. Stiffener Requirements for Concentrated Loads 

K2. Ponding 
K3. Torsion 
K4. Fatigue 

L. SERVICEABILITY DESIGN CONSIDERATIONS 
Lt. Camber 
L2. Expansion and Contraction 
L3. Deflections, Vibration and Drift 

1. Deflections 
2. Vibration 
3. Drift 

L4. Connection Slip (see Section J3.5) 
LS. Corrosion 

M. FABRICATION, ERECTION AND QUALITY CONTROL 
Ml. Shop Drawings 
M2. Fabrication 

1. Cambering, Curving and Straightening 
2. Thermal Cutting 
3. Planning of Edges 
4. Welded Construction 
5. Bolted Construction 
6. Compression Joints 
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7. Dimensional Tolerances 
8. Finishing of Column Bases 

M3. Shop Painting 
I. General Requirements 
2. Inaccessible Surfaces 
3. Contact Surfaces 
4. Finished Surfaces 
5. Surfaces Adjacent to Field Welds 

M4. Erection 
1. Alignment of Column Bases 
2. Bracing 
3. Alignment 
4. Fit of Column Compression Joints 
5. Field Welding 
6. Field Painting 
7. Field Connections 

MS. Quality Control 
1. Cooperation 
2. Rejections 
3. Inspection of Welding 

1994 UNIFORM BUILDING CODE 

4. Inspection of Slip-critical High-strength Bolted Connections 
5. Identification of Steel 

B. APPENDICES 
B. DESIGN REQUIREMENTS 
BS. Local Buckling 

3. Slender Compression Elements 

E. COLUMNS AND OTHER COMPRESSION MEMBERS 
E3. Flexural-torsional Buckling 

F. BEAMS AND OTHER FLEXURAL MEMBERS 
Fl. Design for Flexure 

7. Nominal Flexural Strength of Other Sections 
F4. Web-tapered Members 

1. General Requirements 
2. Design Tensile Strength 
3. Design Compressive Strength 
4. Design Flexural Strength 
5. Design Shear Strength 
6. Combined Flexure and Axial Force 

G. PLATE GIRDERS 
G 1. Limitations 
G2. Design Flexural Strength 
G3. Design Shear Strength with Tension Field Action 
G4. Transverse Stiffeners 
GS. Flexure-shear Interaction 

H. MEMBERS UNDER TORSION AND COMBINED FORCES 
H3. Alternate Interaction Equations for Members under Combined StreHs 
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K. STRENGTH DESIGN CONSIDERATIONS 
K2. Ponding 
K4. Fatigue 

I. Loading Conditions; Type and Location of Material 
2. Design Stress Range 
3. Design Strength of Bolts in Tension 

NUMERICAL VALUES 

NOMENCLATURE 

The section number in parentheses after the definition of a symbol refers to the section where the 
symbol is first defined. 

A Cross-sectional area, in.2 (mm2) (Fl.3) 
AB Loaded area of concrete, in.2 (mm2) (12.4) 
Ah Nominal body area of a fastener, in.2 (mm2) (13.4) 
Ah Area of an upset rod based on the major diameter of its threads, in 2 (mm2) (13.3) 
Ac Area of concrete, in. 2 (mm2) (12.2) 
Ac Area of concrete slab within effective width, in.2 (mm2) (15.2) 
Ae Effective net area, in.2 (mm2) (12.2) 
At Area of flange, in.2 (mm2) (Appendix F4) 
Ag Gross area, in.2 (mm2) (Bl) 
An Net area, in.2 (mm2) (B2) 
Ans Net area subject to shear, in.2 (mm2) (J4) 
Aph Projected bearing area, in.2 (mm2) (D3, J8.l) 
Ar Area of reinforcing bars, in. 2 (mm2) (12.2) 
As Area of steel cross section, in.2 (mm2) (12.2, 15.2) 
Asc Cross-sectional area of stud shear connector, in.2 (mm2) (15.3) 
Ast Shear area on the failure path, in.2 (mm2) (D3) 
Aw Web area, in.2 (mm2) (F2.l) 
A 1 Area of steel bearing concentrically on a concrete support, in. 2 (m m2) (J9) 
A2 Total cross-sectional area of a concrete support, in.2 (mm2) (J9) 
B Factor for bending stress in web-tapered members, in. (mm), definec. by Formulas A-F4-7 

through A-F4-IO (Appendix F4) 
B1,B2 Factors used in determining Mu for combined bending and axial fcrces when first order 

analysis is employed (HI) 
Ch Bending coefficient dependent on moment gradient (FI.3) 
Cm Coefficient applied to bending term in interaction formula for prismatic members and de­

pendent on column curvature caused by applied moments (HI) 
C'm Coefficient applied to bending term in interaction formula for tapered members and de-

pendent on axial stress at the small end of the member (Appendix F4) 
Cp Ponding flexibility coefficient for primary member in a flat roof (K2) 
Cpc Plate girder coefficient (Appendix G2) 
C5 Ponding flexibility coefficient for secondary member in a flat roof (K2) 
Cv Ratio of "critical" web stress, according to linear buckling theory, tc' the shear yield stress 

of web material (Appendix G4) 
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Cw Warping constant, in.6 (mm6) (Fl.3) 

1994 UNIFORM BUILDING CODE 

D Outside diameter of circular hollow section, in. (mm) (Appendix B5.3) 
D Dead load due to the self-weight of the structural and permanent elements on the structure 

(A4.l) 
D Factor used in Formula A-04-2, dependent on the type of transverse stiffeners used in a 

plate girder (Appendix G4) 
E Modulus of elasticity of steel [29,000 ksi (200 000 N/mm2)] (E2) 
E Earthquake load (A4.1) 
Ec Modulus of elasticity of concrete, ksi (N/mm2) (12.2) 
Em Modified modulus of elasticity, ksi (N/mm2) (12.2) 
FBM Nominal strength of the base material to be welded, ksi (N/mm2) (12.4) 
FExX Classification strength of weld metal, ksi (N/mm2) (A3.5 and 12.4) 
Fa Axial design strength, ksi (N/mm2) (AS.l) 
Fhy Flexural stress for tapered members defined by Formulas A-F4-4 and A-F4-5 (Appendix 

F4) 
Fer Critical stress, ksi (N/mm2) (E2) 
Fe Elastic buckling stress, ksi (N/mm2) (Appendix E3) 
Fex Elastic flexural buckling stress about the major axis, ksi (N/mm2) (Appendix E3) 
Fey Elastic flexural buckling stress about the minor axis, ksi (N/mm2) (Appendix E3) 
Fez Elastic torsional buckling stress about the major axis, ksi (N/mm2) (Appendix E3) 
Fmy Modified yield stress for composite columns, ksi (N/mm2) (12.2) 
Fn Nominal shear rupture strength, ksi (N/mm2) (14) 
F, Compressive residual stress in flange, ksi (N/mm2) (Fl.3) 
F.,g Stress for tapered members defined by Formula A-F4-4 (Appendix F4) 
Fu Specified minimum tensile strength of the type of steel being used, ksi (N/mm2) (D l) 
Fw Nominal strength of the weld electrode material, ksi (N/mm2) (12.4) 
Fwg Stress for tapered members defined by Formula A-F4-7, ksi (N/mm2) (J2.4) 
Fv Specified minimum yield stress of the type of steel being used, ksi (N/mm2). As used in 

this specification, "yield stress" denotes either the specified minimum yield point (for 
those steels that have a yield point) or specified yield strength (for those l:teels that do not 
have a yield point) 

Fvf Specified minimum yield stress of the flange, ksi (N/mm2) (B5.1) 
Fvm Yield stress obtained from mill test reports or from physical tests, ksi (N/mm2) (N2) 
Fyr Specified minimum yield stress of reinforcing bars, ksi (N/mm2) (12.2) 
Fys Static yield stress, ksi (N/mm2) (N2) 
Fvst Specified minimum yield stress of the stiffener material, ksi (N/mm2) (Appendix G4) 
Fyw Specified minimum yield stress of the web, ksi (N/mm2) (F2.2) 
G Shear modulus of elasticity of steel, ksi (N/mm2) [G = 11,200 ksi (G = "17 000 N/mm2)] 

(Fl.3) 
H Horizontal force, kips (N) (Hl.2) 
Hs Length of stud connector after welding, in. (mm) (13.5) 
I Moment of inertia, in.4 (mm4) 
ld Moment of inertia of the steel deck supported on secondary members, in.4 (mm4) (K2) 
lp Moment of inertia of primary members, in.4 (mm4) (K2) 
Is Moment of inertia of secondary members, in.4 (mm4) (K2) 
1st Moment of inertia of a transverse stiffener, in.4 (mm4) (Appendix G4) 
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Lp 
Lpd 
4 
4 
Ls 
Mt 
Mz 
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M1r 
M, 

M'rrx, 
M,y 

Mp 
M' p 

Torsional constant for a section, in.4 (mm4) (Fl.3) 
Effective length factor for prismatic member (C2) 
Slip coefficient (J3) 

Effective length factor for torsional buckling (Appendix E3) 
Effective length factor for a tapered member (Appendix F4.3) 
Unbraced length of member measured between the center of gravity of the bracing mem­
bers, in. (E2) 
Story height, in. (mm) (Hl.2) 
Distance in line of force from center of a standard or oversized hole or from the center of 
the end of a slotted hole to an edge of a connected part, in. (mm) (J3.6) 
Live load due to occupancy (A4.1) 
Laterally unbraced length; length between points which are either braced against lateral 
displacement of compression flange or braced against twist of the cmss section, in. (mm) 
(Fl. I) 
Length of channel shear connector, in. (mm) (15.4) 
Limiting laterally unbraced length for full plastic bending capacity, uniform moment case 
(Cb = 1.0), in. (mm) (F1.3) 
Column spacing in direction of girder, in. (mm) (K2) 
Limiting laterally unbraced length for plastic analysis, in. (mm) (F 1.1) 
Limiting laterally unbraced length for inelastic lateral-torsional buckling, in. (mm) (Fl.3) 
Roof live load (A4.1) 
Column spacing perpendicular to direction of girder, in. (mm) (K2) 
Smaller moment at end of unbraced length of beam or beam-column, kip-in. (N·m) (Fl.l) 
Larger moment at end of unbraced length of beam or beam-column kip-in. (N·m) (Fl.3) 
Elastic buckling moment, kip-in. (N·m) (Fl.4) 
Required flexural strength in member due to lateral frame translation, kip-in. (N·m) (HI) 
Nominal flexural strength, kip-in. (N·m) (Fl.2) 
Flexural strength defined in Formulas A-H3-7 and A-H3-8 for use in 
alternate interaction equations for combined bending and axial force, kip-in. (N·m) (Ap­
pendix H3) 
Required flexural strength in member assuming there is no lateral tnmslation of the frame, 
kip-in. (N·m) (HI) 
Plastic bending moment, kip-in. (N·m) (Fl.l) 
Moment defined in Formulas A-H3-5 and A-H3-6, for use in altemate interaction equa­
tions for combined bending and axial force, kip-in. (N·m) (Appendix H3) 
Limiting buckling moment, Mer, when A.= A,. and Cb = 1.0, kip-in. (N·m) (Fl.3) 
Required flexural strength, kip-in. (N·m) (HI) 
Length of bearing, in. (mm) (Kl.3) 
Number of stud connectors in one rib at a beam intersection (13.5) 
Force transmitted by one fastener to the critical connected part, kips (N) (13.9) 
Euler buckling strength, kips (N) (HI) 
Elastic buckling load, kips (N) (14) 
Nominal axial strength (tension or compression), kips (N) (D 1) 
Bearing load on concrete, kips (N) (19) 
Required axial strength (tension or compression), kips (N) (HI) 
Yield strength, kips (N) (B5.I) 
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Full reduction factor for slender compression elements (Appendix E3) 
Reduction factor for slender stiffened compression elements (Appendix B5) 
Nominal strength of one stud shear connector, kips (N) (15) 
Reduction factor for slender unstiffened compression elements (Appendix B5.3) 
Nominal load due to initial rainwater or ice exclusive of the ponding contribution (A4.1) 
Plate girder bending strength-reduction factor (Appendix G) 
Hybrid girder factor (Appendix Fl.7) 
Nominal resistance (A5.3) 
Web shear strength, kips (N) (Kl.7) 
Elastic section modulus, in.3 (mm3) 
Spacing of secondary members, in. (mm) (K2) 
Snow load (A4.1) 
Elastic section modulus of larger end of tapered member about its major 1xis, in. 3 (mm3) 
(Appendix F4) 
Effective section modulus about major axis, in.3 (mm3) (Appendix Fl.i) 
Elastic section modulus referred to tension and compression flanges, respectively, in. 3 

(mm3) (Appendix G2) 
Required tension force, kips (N) (13.5) 
Factored applied tension force per bolt, kips (N) (13.5) 
Specified pretension load in high-strength bolt, kips (N) (13.5) 
Reduction coefficient, used in calculating effective net area (B3) 
Shear force, kips (N) (110.2) 
Nominal shear strength, kips (N) (F2.2) 
Required shear strength, kips (N) (Appendix G4) 
Wind load (A4.1) 
Beam buckling factor defined by Formula Fl-8 (Fl.3) 
Beam buckling factor defined by Formula Fl-9 (Fl.3) 
Plastic section modulus, in.3 (mm3) 
Clear distance between transverse stiffeners, in. (mm) (F2.2) 
Distance between connectors in a built-up member, in. (mm) (E4) 
Shortest distance from edge of pin hole to edge of member measured par.lllel to direction 
of force, in. (mm) (D3) 
Ratio of web area to compression flange area (Appendix G2) 
Compression element width (Table B5.1) 
Reduced effective width for slender compression elements, in. (mm) (Appendix B5.3) 
Effective edge distance, in. (mm) (D3) 
Flange width, in. (mm) (Kl.5) 
Numerical coefficients (12.2) 
Nominal fastener diameter, in. (mm) (13.6) 
Overall depth of member, in. (mm) (F2.1) 
Pin diameter, in. (mm) (D3) 
Roller diameter, in. (mm) (18.2) 
Depth at larger end of unbraced tapered segment, in. (mm) (Appendix F4) 
Web depth clear of fillets, in. (mm) (K 1.5) 
Diameter of a standard size hole, in. (mm) (13.9) 
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Depth at smaller end of unbraced tapered segment, in. (mm) (Appendix F4) 
Base of natural logarithm= 2. 71828 ... 
Computed compressive stress in the stiffened element, ksi (N/mm2) (Appendix B5.3) 
Computed axial stress in column, ksi (N/mm2) (A5.1) 
Smallest computed bending stress at one end of a tapered segment, ksi (N/mm2) (Appen­
dix F4) 
Largest computed bending stress at one end of a tapered segment, ksi (N/mm2) (Appendix 
F4) 
Specified compressive strength of concrete, ksi (N/mm2) (12.2) 
Stress due to 1.2D + 1.2R, ksi (N/mm2) (Appendix K2) 
Computed tension stress in bolts or rivets, ksi (N/mm2) (13.4) 
Required normal stress, ksi (N/mm2) (H2) 
Required shear stress, ksi (N/mm2) (H2) 
Computed shear stress in bolts or rivets, ksi (N/mm2) (13.4) 
Transverse center-to-center spacing (gage) between fastener gage lines, in. (mm) (B2) 
Acceleration due to gravity= 32.2 ft./sec·2 (9.8 m/s2) (A4.3) 
Clear distance between flanges less the fillet or corner radius for mlled shapes; and for 
built-up sections, the distance between adjacent lines of fasteners or the clear distance be­
tween flanges when welds are used, in. (mm) (B5.1) 
Assumed web depth for stability, in. (mm) (B5.1) 
Nominal rib height, in. (mm) (13.5) 
Factor used in Formula A-F4-6 for web-tapered members (Appendix F4.3) 
Factor used in Formula A-F4-7 for web-tapered members (Appendix F4.3) 
Factor defined by Formula F3-1 for minimum moment of inertia for a transverse stiffener 
(F3) 
Web plate buckling coefficient (F2.2) 
Distance from outer face of flange to web toe of fillet, in. (mm) (Kl.3) 
Largest laterally unbraced length along either flange at the point of load, in. (K 1.5) 
Length of bearing, in. (mm) (18.2) 
Ratio of web to flange yield stress or critical stress in hybrid beams (Appendix G2) 
Governing radius of gyration, in. (mm) (E2) 
Minimum radius of gyration of individual component in a built-up member, in. (mm) (E4) 
Radius of gyration of compression flange plus one third of the compression portion of the 
web taken about an axis in the plane of the web, in. (mm) (Appendix Fl. 7) 
Radius of gyration, fT, for the smaller end of a tapered member, in. (mm) (Appendix F4.3) 
Radius of gyration of the steel shape, pipe or tubing in composite columns. For steel shapes 
it may not be less than 0.3 times the overall thickness of the composite section, in. (mm) 
(12) 
Polar radius of gyration about the shear center, in. (mm) (Appendix E3) 
Radius of gyration about x andy axes at the smaller end of a tapered member, respectively, 
in. (mm) (Appendix F4.3) 
Radius of gyration about x andy axes, respectively, in. (mm) (Fl. J, E3) 
Longitudinal center-to-center spacing (pitch) of any two consecutivt: holes, in. (mm) (B2) 
Thickness of connected part, in. (mm) (13.6) 
Thickness of the critical part, in. (mm) (13.9) 
Flange thickness, in. (mm) (B5.1) 

2-553 



CHAP. 22, DIV. VIII 
2249 1994 UNIFORM BllJILDING CODE 

~- Flange thickness of channel shear connector, in. (mm) (I5.4) 
tw Web thickness of channel shear connector, in. (mm) (I5.4) 
tw Web thickness, in. (mm) (F2.I) 
w Plate width; distance between welds, in. (mm) (B3) 
w Unit weight of concrete, lbs./cu. ft. (N/m3) (12) 
wr Average width of concrete rib or haunch, in. (mm) (13.5) 
x Subscript relating symbol to strong axis bending 
x,,, Yo Coordinates of the shear center with respect to the centroid, in. (mm) (Appendix E3) 
y Subscript relating symbol to weak axis bending 
z Distance from the smaller end of tapered member used in Formula A-F4-l for the variation 

in depth, in. (mm) (Appendix F4) 
!Joh Translation deflection of the story under consideration, in. (mm) (HI) 
y Depth tapering ratio (Appendix F4) 

Subscript for tapered members (Appendix F4) 
~ Exponent for alternate beam-column interaction equation (Appendix H3) 
rt Exponent for alternate beam-column interaction equation (Appendix H3) 
A.:, Column slenderness parameter (E2) 
A., Equivalent slenderness parameter (Appendix E3) 
Aett Effective slenderness ratio defined by Formula A-F4-2 (Appendix F4) 
'Ap Limiting slenderness parameter for compact element (B5.I) 
)...,. Limiting slenderness parameter for noncompact element (B5.I) 
1.1 Coefficient of friction (J I 0.2) 
<!> Resistance factor (A5.3) 
<l>b Resistance factor for flexure (B I) 
<l>c Resistance factor for compression (E2) 
<l>c Resistance factor for axially loaded composite columns (12.2) 
<l>st Resistance factor for shear on the failure path (D3) 
<1>r Resistance factor for tension (D I) 
<1>v Resistance factor for shear (F2.2) 

A1. SCOPE 

Modified per Part I. 

CHAPTER A 

GENERAL PROVISIONS 

This standard is intended as an alternative to Chapter 22, Division IX. 

A2. LIMITS OF APPLICABILITY 

1. Structural Steel Defined. Modified per Part I. 

As used in this Specification, the term structural steel refers to the steel elements of the structural 
steel frame essential to the support of the design loads. Such elements are generally enumerated in 
Section 2.1 of the AISC Code of Standard Practice for Steel Buildings and Bridges, 1986. For the 
design of cold-formed steel structural members, which profiles contain rounded corners and slen­
der flat elements, the provisions of Chapter 22, Division V, shall apply. 
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2. Types of Construction. Two basic types of construction and associated design assumptions are 
permissible under the conditions stated herein, and each will govern in a specific manner the size of 
members and the types and strength of their connections. Both types must corr.ply with the stability 
requirements of Section B4. 

Type FR (fully restrained), commonly designated as "rigid-frame" (contint.ous frame), assumes 
that beam-to-column connections have sufficient rigidity to hold the original :mgles between inter­
secting members virtually unchanged. 

Type PR (partially restrained) assumes that the connections of beams and girders possess an in­
sufficient rigidity to hold the original angles between intersecting members virtually unchanged. 

The design of all connections shall be consistent with assumptions as to type of construction 
called for on the design drawings. 

The FR construction is permitted under the LRFD Specification. 

The use of Type PR construction under this Specification depends on the evidence of predictable 
proportion of full end restraint. Where the connection restraint is ignored, commonly designated 
"simple framing," it is assumed that under gravity loads the ends of the beam~• and girders are con­
nected for shear only and are free to rotate. For "simple framing" the following requirements apply: 

a. The connections and connected members must be adequate to carry the factored gravity loads 
as "simple beams." 

b. The connections and connected members shall be adequate to resist the factored lateral loads. 

c. The connections shall have sufficient inelastic rotation capacity to avoid overload of fasteners 
or welds under combined factored gravity and lateral loading. 

When the rotational restraint of the connections is used in the design of the connected members or 
for the stability of the structure as a whole, the capacity of the connection for wch restraint shall be 
established by analytical or empirical means. 

Type PR construction may necessitate some inelastic, but self-limiting, deformation of a struc­
tural steel part. 

A3. MATERIAL 
1. Structural Steel. Material conforming to one of the following standard specifications is ap­
proved for use under this Specification: 

A36, A53 Grade B, A242, A441, ASOO, A501, A514, A529, A570 Grades 40, 45 and 50, 
A572, A588, A606, A607 and A618. 

Certified mill test reports or certified reports of tests made by the fabricator or a testing laboratory 
in accordance with ASTM A6 or A568, as applicable, shall constitute sufficier.t evidence of confor­
mity with one of the above ASTM standards. If requested, the fabricator shall provide an affidavit 
stating that the structural steel furnished meets the requirements of the grade specified. 

Unidentified steel, if surface conditions are acceptable according to criteria contained in ASTM 
A6, may be used for unimportant members or details, where the precise physical properties and 
weldability of the steel would not affect the strength of the structure. 

For A6 Group 4 and 5 rolled shapes to be used as members subject to primary tensile stresses due 
to tension or flexure, toughness need not be specified if splices are made by bolting. If such mem­
bers are spliced using full penetration welds, the steel shall be specified in the contract document to 
be supplied with Charpy V-Notch testing in accordance with ASTM A6, Surplementary Require­
ment SS. The impact test shall meet a minimum average value of 20 ft-lbs. (27.1 N·m) absorbed 
energy at+ 70°F. (21 °C.). 

The above supplementary toughness requirements shall also be considered for welded full-pene­
tration joints other than splices in heavy rolled and built-up members subjf:ct to primary tensile 
stresses. 
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Additional requirements for joints in heavy rolled and built-up members are given in Sections 
11.10, Jl.ll, 12.7, 12.8 and M2.2. 

2. Steel Castings and Forgings. Cast steel shall conform to one of the following standard specifi­
cations: 

A27 Grade 65-25 and AI48 Grade 80-50. 

Steel forgings shall conform to the following standard specification: 

A668. 

Certified test reports shall constitute sufficient evidence of conformity with the standards. 

3. Bolts. Steel bolts shall conform to one of the following standard specification:;: 

A307, A325, A449, A490, A563 and F436. 

A449 bolts may be used only in connections requiring bolt diameters greater thar 11/ 2 inches (38 
mm) and shall not be used in slip-critical connections. A449 material is acceptable fDr high-strength 
anchor bolts and threaded rods of any diameter. 

Manufacturer's certification shall constitute sufficient evidence of conformity with the stan­
dards. 

4. Anchor Bolts and Threaded Rods. Anchor bolt and threaded rod steel shall ccnform to one of 
the following standard specifications: 

A36, A354, A588, A687 and ANSI B 18.1-72, Grade 2A tolerance. 

Steel bolts conforming to other provisions of Section A3 may be used as anchor bolts. 

Manufacturer's certification shall constitute sufficient evidence of conformity with the stan-
dards. 

5. Filler Metal and Flux for Welding. Welding electrodes and fluxes shall conform to one of the 
following specifications of the American Welding Society.* 

A5.1, A5.5, A5.17, A5.18, A5.20, A5.23, A5.28 and A5.29. 

Manufacturer's certification shall constitute sufficient evidence of conformity with the stan­
dards. 

6. Stud Shear Connectors. Steel stud shear connectors shall conform to the requirements of 
approved national standards. 

Manufacturer's certification shall constitute sufficient evidence of conformity with the code. 

A4. LOADS AND LOAD COMBINATIONS 

Modified per Part I. 

The nominal loads shall be the minimum design loads required by the code and the load combina­
tions shall be as specified in Section A4.1. 

1. Loads, Load Factors and Load Combinations. The following nominal loads are to be consid­
ered: 

D dead load due to the weight of the structural elements and the permanent features on the 
structure 

L live load due to occupancy and moveable equipment 
4 = roof live load 
W wind load 

*Approval of these welding electrode specifications is given without regard to weld metal nC>tch toughness re­
quirements, which are generally not critical for building construction. 
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R = load due to initial rainwater or ice exclusive of the ponding contribution 
The required strength of the structure and its elements must be determined from the appropriate 

critical combination of factored loads. The most critical effect may occur wh•!n one or more loads 
are not acting. The following load combinations and the corresponding load factors shall be investi­
gated: 

1.4D 

1.2D + l.6L + 0.5(4 or S orR) 

1.2D + 1.6(4 or S orR) + (0.5L or 0.8 W) 

1.2D + 1.3W + 0.5L + 0.5(4 or S orR) 

1.2D + 1.5£ + (0.5L or 0.2S) 

0.9D- (l.3W or 1.5£) 

(A4-1) 

(A4-2) 

(A4-3) 

(A4-4) 

(A4-5) 

(A4-6) 
EXCEPTION: The load factor on Lin combinations A4-3, A4-4 and A4-5 shall equal 1.0 for garages, 

areas occupied as places of public assembly and all areas where the live load is greater than I 00 psf ( 4.8 kN/ 
m2). 

2. Impact. For structures carrying live loads which induce impact, the assumed nominal live load 
shall be increased to provide for this impact in Formulas (A4- 2) and (A4-3j. 

If not otherwise specified, the increase shall be: 

For supports of elevators and elevator machinery 100% 
For supports of light machinery, shaft or motor driven, not less than 20% 
For supports of reciprocating machinery or power driven units, not less than 50% 
For hangers supporting floors and balconies 33% 
For cab-operated traveling crane support girders and their connections 25% 
For pendant-operated traveling crane support girders and their connectims 10% 

3. Crane Runway Horizontal Forces. The nominal lateral force on crane ntnways to provide for 
the effect of moving crane trolleys shall be a minimum of 20 percent of the sum of weights of the 
lifted load and of the crane trolley, but exclusive of other parts of the crane. The force shall be as­
sumed to be applied at the top of the rails, acting in either direction normal to the runway rails, and 
shall be distributed with due regard for lateral stiffness of the structure supporting the rails. 

The longitudinal force shall be a minimum of 10 percent of the maximum wheel loads of the 
crane applied at the top of the rail, unless otherwise specified. 

AS. DESIGN BASIS 

1. Required Strength at Factored Loads. The required strength of structural members and con­
nections shall be determined by structural analysis for the appropriate factored load combinations 
given in Section A4. 

Design by either elastic or plastic analysis is permitted, except that plastic analysis is permitted 
only for steels with yield stress not exceeding 65 ksi (450 N/mm2) and is subject to provisions of 
Sections B5.2, C2, El.2, Fl.l, HI and II. 

Except for hybrid girders and members of A514 steel, beams and girders (including members 
designed on the basis of composite action) which meet the requirements of the above, and are con­
tinuous over supports or are rigidly framed to columns by means of rivets, high-strength bolts, or 
welds, may be proportioned for 9f10 of the negative moments produced by gravity loading which are 
maximum at points of support, provided that, for such members, the maximum positive moment 
shall be increased by 11to of the average negative moments. This reduction shall not apply to mo-
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ments produced by loading on cantilevers. If the negative moment is resisted by a column rigidly 
framed to the beam or girder, the 1110 reduction may be used in proportioning the column for the 
combined axial and bending loading, provided that the stress,..fa, due to any concurn:nt axial load on 
the member, does not exceed 0.15Fa. 

2. Limit States. LRFD is a method of proportioning structures so that no applkable limit state 
shall be exceeded when the structure is subjected to all appropriate factored load combinations. 

Strength limit states are related to safety and concern maximum load carrying capacity. Service­
ability limit states are related to performance under normal service conditions. The term "resis­
tance" includes both strength limit states and serviceability limit states. 

3. Design for Strength. The design strength of each structural component or a:;semblage shall 
equal or exceed the required strength based on the factored nominal loads. The design strength <J>Rn 
is calculated for each applicable limit state as the nominal strength, Rn, multiplied by a resistance 
factor, <j>. The required strength is determined for each applicable load combination as stipulated in 
Section A4. 

Nominal strength, Rn, and resistance factors, <j>, are given in the appropriate charters. Additional 
strength considerations are given in Chapter K. 

4. Design for Serviceability and Other Considerations. The overall structure and the individual 
members, connections and connectors should be checked for serviceability. Provisions for design 
for serviceability are given in Chapter L. 

A6. REFERENCED CODES AND STANDARDS 
Modified per Part I. 

American National Standards Institute 

B18.1-72 

A58.1-82 

American Society for Testing and Materials 

A6-84c A27-84 A36-84a 
A53-84a A148-84 A242-84 
A307-84 A325-84 A354-84b 
A441-84 A449-84a A490-84 
A500-84 A501-84 A514-84a 
A529-84 A563-84 A570-84a 
A572-84 A588-84a A606-84 
A607-84a A618-84 A668-83 
A687-84 C33-85 C330-85 
F436-84 
American Welding Society 

A5.1-81 A5.5-81 A5.17-80 
A5.18-79 A5.20-79 A5.23-80 
A5.28-79 A5.29-80 Dl.l-85 
International Conference of Building Officials 

U.B.C. Chapter 22, Division IV 

A7. DESIGN DOCUMENTS 

1. Plans. The design plans shall show a complete design with sizes, sections and relative locations 
of the various members. Floor levels, column centers and offsets shall be dimensioned. Drawings 
shall be drawn to a scale large enough to show the information clearly. 
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Design documents shall indicate the type or types of construction as defined in Section A2.2 and 
include the nominal loads and design strengths if necessary for preparation of shop drawings. 

Where joints are to be assembled with high-strength bolts, the design documents shall indicate 
the connection type (slip-critical, tension or bearing). 

Camber of trusses, beams and girders, if required, shall be called for in the dt:sign documents. The 
requirements for stiffeners and bracing shall be shown on the design docum,:nts. 

2. Standard Symbols and Nomenclature. Welding and inspection symbols used on plans and 
shop drawings shall preferably be the American Welding Society symbols. Other adequate welding 
symbols may be used, provided a complete explanation thereof is shown in the design documents. 

3. Notation for Welding. Notes shall be made in the design documents and on the shop drawings 
of those joints or groups of joints in which the welding sequence and technique of welding should be 
carefully controlled to minimize distortion. 

Weld lengths called for in the design documents and on the shop drawings fhall be the net effec­
tive lengths. 

CHAPTER B 

DESIGN REQUIREMENTS 

This chapter contains provisions which are common to the Specification as a whole. 

81. GROSS AREA 

The gross area Ag of a member at any point is the sum of the products of the thickness and the 
gross width of each element measured normal to the axis of the member. For angles, the gross width 
is the sum of the widths of the legs less the thickness. 

Plate girders, coverplated beams and rolled or welded beams shall be proportioned on the basis of 
the gross section. No deduction shall be made for shop or field bolt holes in ei1her flange, unless the 
reduction of the area of either flange by such holes calculated in accordance with the provisions of 
Section B2 exceeds 15 percent of the gross flange area, in which case the area in excess of 15 percent 
shall be deducted. 

Hybrid girders may be proportioned on the basis of their gross section, pro,ided that they are not 
required to resist an axial force greater than <l>b times 0.15 A8FyJ- No limit is placed on the flexural 
stress in the web. 

Flanges of welded plate girders may be varied in thickness or width by splicing plates or by using 
cover plates. 

82. NET AREA 

The net area, An, of a member is the sum of the products of the thickness and the net width of each 
element computed as follows: 

In computing net area for tension, the width of a bolt hole shall be taken as 1/1 6-inch (2 mm) great­
er than the nominal dimension of the hole normal to the direction of applied stress. For shear, the 
width shall be taken as the nominal dimension of the hole. 

For a chain of holes extending across a part in any diagonal or zigzag line, the net width of the part 
shall be obtained by deducting from the gross width the sum of the diameters or slot dimensions as 
provided in Section J3.7 of all holes in the chain, and adding, for each gage space in the chain, the 
quantity s2/48• 
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g = transverse center-to-center spacing (gage) between fastener gage Jines, in. (mm) 
s = longitudinal center-to-center spacing (pitch) of any two consecutive holes, in. (mm) 

For angles, the gage for holes in opposite adjacent legs shall be the sum of the gages from the back 
of the angles less the thickness. 

The critical net area, An, of the part is obtained from that chain which gives the least net width. 

In determining the net area across plug or slot welds, the weld metal shall not be considered as 
adding to the net area. 

83. EFFECTIVE NET AREA 

When the load is transmitted directly to each of the cross-sectional elements by connectors, the 
effective net area, Ae, is equal to the net area, An. 

When the load is transmitted by bolts or rivets through some, but not all, of the cross-sectional 
elements of the member, the effective net area, Ae, shall be computed as: 

Ae = U An (B3-l) 

WHERE: 
An = net area of the member, in. 2 (mm2) 

U = reduction coefficient 
When the load is transmitted by welds through some, but not all, of the cross-sectional elements 

of the member, the effective net area Ae shall be computed as: 

Ae = U Ag (B3-2) 

WHERE: 
Ag = gross area of member, in.2 (mm2) 

Unless a larger coefficient can be justified by tests or other rational criteria, the following values 
of U shall be used: 

a. W, M or S shapes with flange widths not less than two thirds the depth, and structural tees cut 
from these shapes, provided the connection is to the flanges. Bolted or riveted connections 
shall have no fewer than three fasteners per line in the direction of stress ....... U = 0.90 

b. W, M or S shapes not meeting the conditions of Subparagraph a, structural tees cut from these 
shapes and all other shapes, including built-up cross sections. Bolted or riveted connections 
shall have no fewer than three fasteners per line in the direction of stress ....... U = 0.85 

c. All members with bolted or riveted connections having only two fasteners P'!r line in the di-
rection of stress .................................................... U = 0.75 

When load is transmitted by transverse welds to some, but not all, of the cross-se,:tional elements 
of W, M or S shapes and structural tees cut from these shapes, Ae shall be taken as the area of the 
directly connected elements. 

When the load is transmitted to a plate by longitudinal welds along both edges it the end of the 
plate, the length of the welds shall not be less than the width of the plate. The effective net area, Ae. 
shall be computed as: 

(B3-2) 

Unless a larger coefficient can be justified by tests or other rational criteria, the following values of 
U shall be used: 

a. When l> 2w ....................................................... U= 1.0 
b. When 2w > l > 1.5w ................................................. U = 0.87 
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c. When 1.5w > lw ................................................... U = 0.75 

WHERE: 
I = weld length, in. (mm) 

w = plate width (distance between welds), in. (mm) 

B4. STABILITY 
General stability shall be provided for the structure as a whole and for each compression element. 

Consideration shall be given to significant load effects resulting from the deflected shape of the 
structure or of individual elements of the lateral-load-resisting system. 

BS. LOCAL BUCKLING 

1. Classification of Steel Sections. Steel sections are classified as compact, noncom pact and slen­
der element sections. For a section to qualify as compact, its flanges shall he continuously con­
nected to the web or webs and the width-thickness ratios of its compression elements must not 
exceed the limiting width-thickness ratios "Ap from Table B5.1. If the width-thi,:kness ratio of one or 
more compression elements exceeds "Ap, but does not exceed A,., the section is noncom pact. If the 
width-thickness ratio exceeds A,. from Table BS.l, the element is referred to a.s a slender compres­
sion element. 

For unstiffened elements which are supported along only one edge, parallel to the direction of the 
compression force, the width shall be taken as follows: 

a. For flanges of !-shaped members and tees, the width b is half the full nominal width. 

b. For legs of angles and flanges of channels and tees, the width b is the full nominal dimension. 

c. For plates, the width b is the distance from the free edge to the first row ·:>f fasteners or line of 
welds. 

d. For stems of tees, d is taken as the full nominal depth. 

For stiffened elements, i.e., supported along two edges parallel to the direction of the compres­
sion force, the width shall be taken as follows: 

a. For webs of rolled or formed sections, h is the clear distance between flanges less the fillet or 
comer radius at each flange; he is twice the distance from the neutral axis to the inside face of 
the compression flange less the fillet or comer radius. 

b. For webs of built-up sections, h is the distance between adjacent lines of fasteners or the clear 
distance between flanges when welds are used, and he is twice the distance from the neutral 
axis to the nearest line of fasteners at the compression flange or the insidf: face of the compres­
sion flange when welds are used. 

c. For flange or diaphragm plates in built-up sections, the width b is the distance between adja­
cent lines of fasteners or lines of welds. 

d. For flanges of rectangular hollow structural sections, the width b is the clear distance between 
webs less the inside comer radius on each side. If the comer radius is not known, the flat width 
may be taken as the total section width minus three times the thicknes~•-

For tapered flanges of rolled sections, the thickness is the nominal value half-way between the 
free edge and the corresponding face of the web. 

2-561 



CHAP. 22, DIV. VIII 
2249 1994 UNIFORM BUILDING CODE 

TABLE 85.1 
Limiting Width-Thickness Ratios for Compression ElemBnts 
Description of Element Width- Limiting Width-Thickness Ratios 

Thick-
ness 
Ratio 

A.p A., 

Flanges of !-shaped rolled beams and chan- bit 
65/ fi7 141/ jFy- 10 

nels in flexure 

Flanges of !-shaped hybrid or welded beams bit 
65/ fi7 106 

in flexure jFyw- 16.5 

Flanges of !-shaped sections in pure com- bit NA 95/ [F'; 
pression, plates projecting from compression 
elements; outstanding legs of pairs of angles 
in continuous contact; flanges of channels in 
pure compression 

Flanges of square and rectangular box and bit 190/ [F'; :!38/ jFv- F/ 
hollow structural sections of uniform thick-
ness subject to bending or compression; 
flange cover plates and diaphragm plates 
between lines of fasteners or welds 

Unsupported width of cover plates per- bit NA 317/ jF,.- F/ 
!orated with a succession of access holesb 

Legs of single angle struts; legs of double bit NA 
76/ [F'; angle struts with separators; unstiffened ele-

ments, i.e., supported along one edge 

Stems of tees dlt NA 127/ [F'; 
All other uniformly compressed stiffened ele- bit NA 

253/ [F'; ments, i.e., supported along two edges hcltw 
Webs in flexural compression8 hcltw 640/ fi7 970/ [F'; 

Webs in combined flexural and axial com- flcltw for 
pression Puft/>bPY S 0.125 

640 (I _ 2.75Pu) c 
jF'; tf>bPy 

for 970/ [F'; 
Pu/t/>b Py > 0.125 

m( 2 33 - ~) ~ me jF'; . t/>b Py jF'; 

Circular hollow sections 0/t 
In axial compression 2,070/~d 3,300/~ 
In flexure 2,070/ yd 8,970/ y 

8 For hybrid beams, use the yield strength of the flange, Fyt, instead of Fy. 
bAssumes net area of plate at widest hole. 
cAssumes an inelastic rotation capacity of 3. For structures in zones of high seismicity, a greater ro:ation capacity 

may be required. See Table C-85.1. 
dFor plastic design use 1 ,300/ Fy. 
9 F, =compressive residual stress in flange 

= 1 o ksi for rolled shapes 
= 16.5 ksi for welded shapes. 

NOTE: See next page for metric conversions. 
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Limiting Width-Thickness Ratios for Compression Elements 
Description of Element Width- Limiting Width-Thickness Ratios 

Thick-
ness A.p A., 
Ratio 

Flanges of !-shaped rolled beams and bit it 0.83/ jFy: F, channels in flexure 0.38 

Flanges of !-shaped hybrid or welded bit :p,; ~ beams in flexure 0.62 0.38 
'f 

Flanges of !-shaped sections in pure bit NA 
0.56 /1; compression, plates projecting from 

compression elements; outstanding 
legs of pairs of angles in continuous 
contact; flanges of channels in pure 
compression 

Flanges of square and rectangular box bit 
1.12/1; ~ and hollow structural sections of uni-

fonn thickness subject to bending or 
1.40 

compression; flange cover plates and 
diaphragm plates between lines of las-
teners or welds 

Unsupported width of cover plates per- bit NA 

~ !orated with a succession of access 
holesb 

1.86 

Legs of single angle struts; legs of bit NA 
0.45 /1; double angle struts with separators; 

unstiffened elements, i.e., supported 
along one edge 

Stems of tees dlt NA 
0.75 /1; 

y 

All other unifonnly compressed stiff- bit NA 
1.49 /1; ened elements, i.e., supported along hcltw 

two edges y 

Webs in flexural compressions hcltw 
3.76it 5.70 /1; 

Webs in combined flexural and axial hcltw for 
compression Pu/tl>b Py :s 0.125 

3.76 /1;( I - 2.75Pu r 
Fv thPy 

for 5.70 /1; 
Pu/th Py > 0.125 

/1;( Pu) it 1.12 2.33 - t/>b Py :s 1.49 Fv 

Circular hollow sections Dlt 
In axial compression 0.07(EI~" 0.11 (E/~) 
In flexure 0.07(EI y ~ 0.31 (EI y) 

8For hybrid beams, use the yield strength of the flange, Fyt, instead of Fy. 
bAssumes net area of plate at widest hole. 
0Assumes an inelastic rotation capacity of 3. For structures in zones of high seismicity, a greater rotation capacity 
may be required. See Table C-85.1. 

dFor plastic design use 0.045 (EIFy). 
8 F, = compressive residual stress 1n flange 

= 70 N/mm2 for rolled shapes 
= 115 N/mm2 for welded shapes. 
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2. Sections for Plastic Analysis. Plastic analysis is permitted when flanges subject to compression 
involving hinge rotation and all webs have a width-thickness ratio less than or equal to the limiting 
'Ap from Table B5.1. For circular hollow sections, see Footnote d of Table B5.1. 

Plastic analysis shall be subject to the limitations as outlined in Section A5.1. 

3. Slender Compression Elements. For the flexural design of !-shaped sections, channels and 
rectangular or circular sections with slender compression elements, see Appendix Fl.7. For other 
shapes in flexure or members in axial compression that have slender compression elements, see 

Appendix B5.3. For plate girders with hjt,. > 970/ jii"; (For SI: 5.70 jE/ Fyf ), see Appendix 
G. 

B6. BRACING AT SUPPORTS 

At points of support for beams, girders and trusses, restraint against rotation about their longitu­
dinal axis shall be provided unless restraint against rotation is otherwise assured. 

B7. LIMITING SLENDERNESS RATIOS 

For members whose design is based on compressive force, the slenderness ratio Kl!r preferably 
should not exceed 200. 

For members whose design is based on tensile force, the slenderness ratio Ur preferably should 
not exceed 300. The above limitation does not apply to rods in tension. Such tension members may 
be subject to compressive force not exceeding 50 percent of the design compressive strength when 
such compressive force is due to wind or earthquake. 

CHAPTER C 

FRAMES AND OTHER STRUCTURES 

This chapter specifies general requirements to assure stability of the structure as a whole. 

C1. SECOND ORDER EFFECTS 

Second order (PI:!..) effects shall be considered in the design of frames. 

C2. FRAME STABILITY 

1. Braced Frames. In trusses and frames where lateral stability is provided by diagonal bracing, 
shear walls or equivalent means, the effective length factor, K, for compression members shall be 
taken as unity, unless structural analysis shows that a smaller value may be used. 

The vertical bracing system for a braced multistory frame shall be adequate, as determined by 
structural analysis, to prevent buckling of the structure and maintain the lateral stability of the struc­
ture, including the overturning effects of drift, under the factored loads given in Section A4. 

The vertical bracing system for a multistory frame may be considered to function together with 
in-plane shear-resisting exterior and interior walls, floor slabs and roof decks, which are properly 
secured to the structural frames. The columns, girders, beams and diagonal members, when used as 
the vertical bracing system, may be considered to comprise a vertical cantilever, simply connected 
truss in the analyses for frame buckling and lateral instability. Axial deformation of all members in 
the vertical bracing system shall be included in the lateral stability analysis. 

Girders and beams included in the vertical bracing system of a braced multistmy frame shall be 
proportioned for axial force and moment caused by concurrent factored horizontal and gravity 
loads. 
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2. Unbraced Frames. In frames where lateral stability depends upon the bending stiffness of rig­
idly connected beams and columns, the effective length factor, K, of compression members shall be 
determined by structural analysis and shall not be less than unity. 

Analysis of the required strength of unbraced multistory frames shall includ,~ the effects of frame 
instability and column axial deformation under the factored loads given in Section A4. 

In plastic design, the axial force in the columns caused by factored gravity plus factored horizon­
tal loads shall not exceed 0.75 Ag F_v· 

CHAPTER D 

TENSION MEMBERS 

This chapter applies to prismatic members subject to axial tension caused by static forces acting 
through the centroidal axis. For members subject to combined axial tension and flexure, see Section 
Hl. For members subject to fatigue, see Section K4. For tapered members, see Appendix F4. For 
threaded rods, see Section J3. 

01. DESIGN TENSILE STRENGTH 

The design strength of tension members cj>1Pn shall be the lower value obtained according to the 
limit states of yielding in the gross section and fracture in the net section. 

a. For yielding in the gross section: 

<l>t = 0.90 
Pn = FvAg 
b. For fracture in the net section: 

<l>t = 0.75 

Pn = FuAe 
WHERE: 

Ae effective net area, in.2 (mm2) 
Ag gross area of member, in.2 (mm2) 

Fv specified minimum yield stress, ksi (N/mm2) 
Fu = specified minimum tensile strength, ksi (N/mm2) 
Pn nominal axial strength, kips (N) 

(Dl-1) 

(01-2) 

When members without holes are fully connected by welds, the effective net section used in For­
mula (Dl-2) shall be computed using the smaller of the gross area of the member or the effective 
area of the welds as defined in Section J2. When holes are present in a welded member between end 
connections, or at the welded connection in the case of plug or slot welds, the net section through the 
holes shall be used in Formula (01-2). 

02. BUILT-UP MEMBERS 

The longitudinal spacing of connectors between elements in continuous contact consisting of a 
plate and a shape or two plates shall not exceed: 

24 times the thickness of the thinner plate or 12 inches (305 mm) for painted members or un­
painted members not subject to corrosion. 

14 times the thickness of the thinner plate or 7 inches (180 mm) for unpainted members of 
weathering steel subject to atmospheric corrosion. 
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The longitudinal spacing of connectors between components should preferably limit the slender­
ness ratio in any component between the connectors to 300 or less. 

Either perforated cover plates or tie plates without lacing may be used on th! open sides of 
built-up tension members. Tie plates shall have a length not less than two thirds 1he distance be­
tween the lines of welds or fasteners connecting them to the components of the member. The thick­
ness of such tie plates shall not be less than 1 I 50 of the distance between these lines. The longitudinal 
spacing of intermittent welds or fasteners at tie plates shall not exceed 6 inches ( 152 mm). The spac­
ing of tie plates shall be such that the slenderness ratio of any component in the ler.gth between tie 
plates should preferably not exceed 300. 

D3. EYEBARS AND PIN-CONNECTED MEMBERS 
The design strength of eyebars shall be determined in accordance with Section DJ a with Ag taken 

as the cross-sectional area of the body. 

Eyebars shall be of uniform thickness, without reinforcement at the pin holes, and have circular 
heads whose periphery is concentric with the pin hole. 

The radius of transition between the circular head and the eyebar body shall not be less than the 
head diameter. 

The width of the body of the eyebars shall not exceed eight times its thickness. 
The thickness can be less than 1/2 inch (13 mm) only if external nuts are provided to tighten pin 

plates and filler plates into snug contact. The width b from the hole edge to the plate edge perpendic­
ular to the direction of applied load shall be greater than two thirds and, for the purpose of calcula­
tion, not more than 3/4 times the eyebar body width. 

The pin diameter shall not be less than 7/8 times the eyebar body width. 
The pin-hole diameter shall not be more than 11J2-inch (1.0 mm) greater than the pin diameter. 
For steels having a yield stress greater than 70 ksi (480 N/mm2), the hole diameter shall not ex-

ceed five times the plate thickness and the width of the eyebar body shall be reduced accordingly. In 
pin-connected members, the pin hole shall be located midway between the edges cf the member in 
the direction normal to the applied force. For pin-connected members in which the pin is expected 
to provide for relative movement between connected parts while under full load, the diameter of pin 
hole shall not be more than 1/32 inch (1.0 mm) greater than the diameter of the pin. The width of the 
plate beyond the pin hole shall be not less than the effective width on either side of the pin hole. 

In pin-connected plates other than eyebars, the design strength shall be determined according to 
Formula (Dl-2) and the bearing strength of the projected area of pin shall be determined according 
to Section J8. The minimum net area beyond the bearing end of the pin hole, parallel to the axis of 
the member, shall not be less than two thirds of the net area required for strength acwss the pin hole. 

The design strength of a pin-connected member <PrPn shall be the lowest value of the following 
limit states: 

a. Tension on the net effective area: 
<l>t =0.75 
Pn = 2tbef!Fu 

b. Shear on the effective area: 
<l>sJ = 0.75 
Pn =AsJFy 

c. Bearing on the projected area of the pin: 
<I> = 1.0 
Pn =ApbFy 

WHERE: 

(D3-l) 

(D3-2) 

(D3-3) 

a = shortest distance from edge of the pin hole to the edge of the member me~lsured parallel to 
the direction of the force, in. (mm) 
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Apb = projected bearing area, in.2 (mm2) 
Ast = 2t (a+ d/2), in.2 (mm2) 
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heft 2t + 0.63 (For SI: 2t + 16), but not more than the actual distance from the edge of the hole 
to the edge of the part measured in the direction normal to the applied force, in. (mm) 

d= pin diamete~ in. (mm) 

t = thickness of plate, in. (mm) 

The comers beyond the pin hole may be cut 45 degrees to the axis of the member, provided the net 
area beyond the pin hole, on a plane perpendicular to the cut, is not less than that required beyond the 
pin hole parallel to the axis of the member. 

Thickness limitations on both eyebars and pin-connected plates may be watved whenever exter­
nal nuts are provided so as to tighten pin plates and filler plates into snug contact. When the plates 
are thus contained, the bearing strength shall be determined according to Se,;tion 18. 

CHAPTER E 

COLUMNS AND OTHER COMPRESSION MEMBERS 

This section applies to prismatic members subject to axial compression through the centroidal axis. 
For members subject to combined axial compression and flexure, see Chapter H. For tapered mem­
bers, see Appendix F4. 

E1. EFFECTIVE LENGTH AND SLENDERNESS LIMITATIONS 

1. Effective Length. The effective length factor, K, shall be determined in accordance with Sec­
tion C2. 

2. Plastic Analysis. Plastic analysis, as limited in Section A5.1, is permitted if the column slender­
ness parameter N.: defined by Formula (E2-4) does not exceed 1.5K. 

E2. DESIGN COMPRESSIVE STRENGTH 

The design strength of compression members whose elements have width .. thickness ratios less 
than f...T of Section B5.1 is <l>cPn. 

</Jc 0.85 

P. AgFcr (E2-1) 
for Ac :5 1.5 

Fer (0.658;.hFy (E2-2) 

for Ac :5 1.5 

Fer [ 0.877 ]F (E2-3) 
A_2 y c 

where 

A. = Kl j!i (E2-4) 
c m E 

Ag = gross area of member, in.2 (mm2) 

E modulus of elasticity, ksi (N/mm2) 

Fy = specified yield stress, ksi (N/mm2) 
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K = effective length factor 
unbraced length of member, in. (mm) 
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r governing radius of gyration about plane of buckling, in. (mm) 

For members whose elements do not meet the requirements of Section B5.1, see Appendix B5.3. 

E3. FLEXURAL-TORSIONAL BUCKLING 

Singly symmetric and unsymmetric columns, such as angle or tee-shaped columns, and doubly 
symmetric columns such as cruciform or built-up columns with very thin walls, may require con­
sideration of the limit states of flexural-torsional and torsional buckling. See Appmdix E3 for the 
determination of design strength for these limit states. 

E4. BUILT-UP MEMBERS 

At the ends of built-up compression members bearing on base plates or milled surfaces, all com­
ponents in contact with one another shall be connected by a weld having a length not less than the 
maximum width of the member or by bolts spaced longitudinally not more than fom diameters apart 
for a distance equal to one and one-half times the maximum width of the member. 

Along the length of built-up compression members between the end connections required above, 
longitudinal spacing for intermittent welds, bolts or rivets shall be adequate to provide for the trans­
fer of calculated stress. However, where a component of a built-up compression menber consists of 
an outside plate, except as provided in the next sentence, the maximum spacing sha! 1 not exceed the 

thickness of the thinner outside plate times 127/ JF; (For SI: 0. 75 j E/ Fy) or 12 i11ches (305 mm), 
when intermittent welds are provided along the edges of the components or when fasteners are pro­
vided on all gage Jines at each section. When fasteners are staggered, the maximum spacing on each 

gage line shall not exceed the thickness of the thinner outside plate times 190/ JF; (For SI: 

l.12jE/Fy) or 18 inches (457 mm). 

For unpainted built-up members made of weathering steel which will be exposed to atmospheric 
corrosion, the fasteners connecting a plate and a shape or two-plate components in ,;ontact with one 
another shall not exceed 14 times the thickness of the thinnest part or 7 inches (lBO mm), and the 
maximum edge distance shall not exceed eight times the thickness of the thinnest part, or 5 inches 
(127 mm). 

Compression members composed of two or more shapes shall be connected to oo.e another at in­
tervals such that the slenderness ratio U,. of either shape, between the fasteners, does not exceed the 
governing slenderness ratio of the built-up member. The least radius of gyration, r, shall be used in 
computing the slenderness ratio of each component part. 

The design strength of built-up members composed of two or more shapes shall be determined in 
accordance with Section E2 or Appendix E3 subject to the following modification. If the buckling 
mode involves relative deformation that produces shear forces in the connectors between individu­
al shapes, Kl/r is replaced by ( Kl/r )m determined as follows: 

a. for snug-tight bolted connectors: 

(E4-l) 
m 

b. for welded connectors and for fully tightened bolted connectors as required for slip-critical 
joints: 

with !J-. > 50 
I 
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m 

with f: s SO 
I 

m 
where 

a distance between connectors 
a r; = largest column slenderness of individual components 

( ~~) column slenderness of built-up member acting as a unit 

0 

(~l) modified column slenderness of built-up member 

r; minimum radius of gyration of individual component 

CHAP. 22, DIV. VIII 
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(E4-2) 

(E4-3) 

Open sides of compression members built up from plates or shapes shall be provided with contin­
uous cover plates perforated with a succession of access holes. The unsupported width of such 
plates at access holes, as defined in Section BS.l, is assumed to contribute to the design strength, 
provided that: 

a. The width-thickness ratio conforms to the limitations of Section BS.l. 

b. The ratio of length (in direction of stress) to width of hole shall not exceed two. 

c. The clear distance between holes in the direction of stress shall be not less than the transverse 
distance between nearest lines of connecting fasteners or welds. 

4. The periphery of the holes at all points shall have a minimum radius of 11/z inches (38 mm). 

The function of perforated cover plates may be performed by lacing with tie plates at each end 
and at intermediate points if the lacing is interrupted. Tie plates shall be as near the ends as practica­
ble. In main members providing design strength, the end tie plates shall have a length of not less 
than the distance between the lines of fasteners or welds connecting them to the components of the 
member. Intermediate tie plates shall have a length not less than 1/z of this dist<mce. The thickness of 
tie plates shall not be less than 1/so of the distance between lines of welds or fasteners connecting 
them to the segments of the members. In welded construction, the welding on each line connecting a 
tie plate shall aggregate not less than 1 ~J the length of the plate. In bolted and riveted construction, 
the spacing in the direction of stress in tie plates shall not be more than six diameters and the tie 
plates shall be connected to each segment by at least three fasteners. 

Lacing, including flat bars, angles, channels or other shapes employed as lacing, shall be so 
spaced that the Ur ratio of the flange included between their connections shall not exceed the gov­
erning slenderness ratio for the member as a whole. Lacing shall be proportioned to provide a shear­
ing strength normal to the axis of the member equal to 2 percent of the compressive design strength 
of the member. The Ur ratio for lacing bars arranged in single systems shall not exceed 140. For 
double lacing this ratio shall not exceed 200. Double lacing bars shall be joined at their intersec­
tions. For lacing bars in compression, L may be taken as the unsupported length of the lacing bar 
between welds or fasteners connecting it to the components of the built-up member for single lac­
ing, and 70 percent of that distance for double lacing. The inclination of lacing bars to the axis of the 
member should preferably be not less than 60° for single lacing and 4S 0 for double lacing. When 
the distance between the lines of welds or fasteners in the flanges is more thafl IS inches, the lacing 
shall be double or be made of angles. 

2-569 



CHAP. 22, DIV. VIII 
2249 1994 UNIFORM BUILDING CODE 

ES. PIN-CONNECTED COMPRESSION MEMBERS 

Pin-connections of pin-connected compression members shall conform to the requirements of 
Section D3 except Formulas (Dl-1) and (D3-2) do not apply. 

CHAPTER F 

BEAMS AND OTHER FLEXURAL MEMBERS 

This section applies to singly or doubly symmetric beams including hybrid beams and girders 
loaded in the plane of symmetry. It also applies to channels loaded in a plane passing through the 
shear center parallel to the web or restrained against twisting at load points and points of support. 
For design flexural strength for members not covered in Section Fl, see Appendix Fl.7. For mem­
bers subject to combined flexural and axial force, see Section HI. For unsymmetric beams and 
beams subject to torsion combined with flexure, see Section H2. 

F1. DESIGN FOR FLEXURE 
1. Unbraced Length (or Plastic Analysis. Plastic analysis, as limited in Section A5, shall be per­
mitted when the laterally unbraced length, 4, of the compression flange at plastic hinge locations 
associated with the failure mechanism, for a compact section bent about the major axis, does not 
exceed ipd, determined as follows: 

a. For doubly symmetric and singly symmetric I-shaped members with the compression flange 
larger than the tension flange (including hybrid members) loaded in the plane of the web. 

3,600 + 2,200(M1/Mp) (Fl-1) 
Lpd = F ry 

y 

For SI: 

WHERE: 
Fy specified minimum yield stress of the compression flange, ksi (N/mm2) 

M 1 = smaller moment at end of unbraced length of beam, kip-in. (N·mm) 
Mp plastic moment ( = Fy Z for homogeneous sections; computed from fully 

plastic stress distribution for hybrids), kip-in. (N·mm) 
ry radius of gyration about minor axis, in. (mm) 

(MJIMp) is positive when moments cause reverse curvature 
b. For solid rectangular bars and symmetric box beams 

5,000 + 3,000(MJMp) 
Lpd = F rv ~ 3, 000 ry/ Fy 

y 

ForSI: 

(Fl-2) 

There is no limit on 4 for members with circular or square cross sections or for any beam bent 
about its minor axis. 

In the region of the last hinge to form, and in regions not adjacent to a plastic hi 11ge, the flexural 
design strength shall be determined in accordance with Section Fl.2. 
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2. Flexural Design Strength. The flexural design strength, determined by the limit state of later­
al-torsional buckling, is <l>bMn, where the nominal strength, Mn, shall be determined in accordance 
with the following sections, and <l>b = 0.90. 

3. Compact Section Members with L, s L,. For laterally unsupported compact section members 
bent about the major axis: 

[ (
Lb - LP)] M" = Cb MP - (Mp - Mr) Lr _ LP $ MP (F1-3) 

WHERE: 
Cb = 1.75 + 1.05(Mt/M2) + 0.3 (Mt/M2)2 $ 2.3 where Mt is the smaller ~.nd M2 the larger end 

moment in the unbraced segment of the beam; M 1/M2 is positive when the moments cause 
reverse curvature and negative when bent in single curvature. 

Cb 1.0 for unbraced cantilevers and for members where the moment within a significant por­
tion of the unbraced segment is greater than or equal to the larger of the segment end mo­
ments. For the use of larger Cb values, recognized design procedures shall be used. 

4 = distance between points braced against lateral displacement of the compression flange, or 
between points braced to prevent twist of the cross section. 

For 1-shaped members including hybrid sections and channels bent about their major axis: 

300ry 
LP = rr;:- (F1-4) 

For SI: 

For solid rectangular bars and box beams: 

For SI: 

WHERE: 
A = cross-sectional area, in.2 (mm2) 
J = torsional constant, in.4 (mm4) 

..;Fv! 

3, 150ry r.-: 
--viA 

MP 

0.13ry E r.-: 
M vlA 

p 

(F1-5) 

The limiting laterally unbraced length, 4, and the corresponding buckling moment M, shall be 
determined as follows: 

a. For 1-shaped members, doubly symmetric and singly symmetric with the compression flange 
larger than or equal to the tension flange, and channels loaded in the plane of the web: 

rvXI j / 2 Lr = · F 1 + ..; 1 + X2(Fyw - Fr) (F1-6) 
(Fyw - r) 

Mr (Fyw - Fr)Sx (F1-7) 

WHERE: 

x, nj¥ 
Sx 2 

(F1-8) 

x2 4cw (~f 
ly GJ 

(F1-9) 
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Cw = warping constant, in.6 (mm6) 

E modulus of elasticity of steel [29,000 ksi (200 000 N/mm2)] 

Fr = compressive residual stress in flange; 10 ksi (70 N/mm2) for rolled shapes, 16.5 ksi (115 
N/mm2) for welded shapes 

Fyw 
G 

lv 

yield stress of web, ksi (N/mm2) 

shear modulus of elasticity of steel [11,200 ksi (77 000 N/mm2)] 

moment of inertia about y-axis, in.4 (mm4) 

Sx section modulus about major axis, in.3 (mm3) 

b. For symmetric box section bent about the major axis and loaded in the plane of symmetry, Mr 
and 4 shall be determined from Formulas F1-7 and F1-IO, respectively. 

c. For solid rectangular bars bent about the major axis: 

For SI: 

57, OOOrv fiA 
Mr 

2ryE fiA 
Mr 

Mr = FvSx 

(Fl-10) 

(FI-ll) 

4. Compact Section Members with 4 > 4 For laterally unsupported members with compact 
section members bent about the major axis: 

Mn =Mer ~ CbMr (F1-12) 

where Mer is the critical elastic moment, determined as follows: 

a. For !-shaped members, doubly symmetric and singly symmetric with compression flange 
larger than the tension flange (including hybrid members) and channels loaded in the plane of 
the web: 

2 

Ely GJ + (~~) ly Cw 

b. For solid rectangular bars and symmetric box sections: 

57, ooo cb fiA 
Mer = Lb/ry 

For SI: 

(Fl-13) 

(F1-14) 

5. Tees and Double-angle Beams. The nominal strength of tees and double- angle beams loaded in 
the plane of symmetry, with flange and web slenderness ratios less than the corresponding values of 
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(Fl-15) 

(Fl-16) 

The plus sign for B applies when the stem is in tension and the minus sign applies when the stem is 
in compression. 

6. Noncompact Plate Girders. The nominal strength of a doubly symmetric, single-web plate 
girder, including hybrid sections, shall be calculated by the provisions of Appendix Fl.7 if lzcltw :5 

970/ jii";(For SI: 5.70 j E/ Fy1) or by the provisions of Appendix G if hcltw > 970/ [ii; (For SI: 

5.70jE/F,1). 

7. Nominal Flexural Strength of Other Sections. There is no lateral-ton:ional buckling limit 
state for circular or square shapes or for any shape bent about its minor axis 

For the nominal strength Mn of other cross section types, including noncom pact sections or sec­
tions with slender elements, see Appendix Fl. 7. See Appendix G for design of plate girders with 
slender webs. 

F2. DESIGN FOR SHEAR 

This section applies to the web (or webs in the case of multiple web members) of singly or doubly 
symmetric beams, including hybrid beams, subject to shear in the plane of symmetry, and channels 
subject to shear in the web. Where failure might occur by shear along a plane through fasteners, 
refer to Section J4. For members subjected to high shear from concentrated loads, see Section K 1.7. 

1. Web Area Determination. The web area, Aw, shall be taken as the overa II depth, d, times the 
web thickness, tw. 

2. Design Shear Strength. The design shear strength of webs is <l>v Vn where <l>v = 0.90 and the 
nominal shear strength, Vn, determined as follows: 

Forth :5 181jk/Fvw (ForSI: ~ :5 l.lOjKE/Fvw) 
w w 

for 181jk/Fvw <!:!. :5 234jk/Fvw 
fw 

v. 

For SI: v. 

for!:!. > 234 jk/Fyw (For SI: th > 
fw w 

For SI: 

Vn = 0.6 FvwAw 

(For SI: 1.10 jkE/Fyw 

187 fk71i:w 
0.6 FywAw h/tw 

uofkEiii:, 
0.6 FywAw h/tw 

1.37 jkE/Fyw) 

v. A 26,400k 
w (h/tw) 2 

V = A 0.91 Ek 
n w (h/tw)2 

(F2-1) 

1.37 jkE/Fvw) 

(F2-2) 

(F2-3) 
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The web plate buckling coefficient, k, is given by 

k = 5 + (a}h)z 
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(F2-4) 

Except that k shall be taken as 5 if a/h exceeds 3.0 or [260/(hltw)]2. When stiffeners are notre­
quired, k = 5. In unstiffened girders, hit shall not exceed 260. 

Maximum (hltw) limits are given in Appendix Gl. 

An alternative design method for plate girders utilizing tension field action is gi'ven in Appendix 
G. 

F3. TRANSVERSE STIFFENERS 

Transverse stiffeners are not required when hltw ~ 418 JF;: (For SI: hltw ~ 2.45 j E/ Fvw ), or 
when the required shear, Vu, as determined by structural analysis for the factored loads, is less than 
or equal to 41 v Vn fork= 5 given in Section F2. Transverse stiffeners used to develop the web design 
shear strength as provided in Section F2 shall have a moment of inertia about an axis in the web 
center for stiffener pairs or about the face in contact with the web plate for single stiffeners, which 
shall not be less than arw3j, where 

. = ___bl_- 2> 05 
1 (ajh)z - . (F3-1) 

Intermediate stiffeners may be stopped short of the tension flange, provided bearhg is not needed 
to transmit a concentrated load or reaction. The weld by which intermediate stiffeners are attached 
to the web shall be terminated not less than four times or more than six times the web thickness from 
the near toe of the web-to-flange weld. When single stiffeners are used, they shall h! attached to the 
compression flange, if it consists of a rectangular plate, to resist any uplift tendency due to torsion in 
the plate. When lateral bracing is attached to a stiffener or a pair of stiffeners, thesf in tum shall be 
connected to the compression flange to transmit 1 percent of the total flange stress, unless the flange 
is composed only of angles. 

Bolts connecting stiffeners to the girder web shall be spaced not more than 12 inches (305 mm) on 
center. If intermittent fillet welds are used, the clear distance between welds shall not be more than 
16 times the web thickness or more than 10 inches (254 mm). 

F4. WEB-TAPERED MEMBERS 
See Appendix F4. 

G. PLATE GIRDERS 

CHAPTER G 

Plate girders shall be distinguished from beams on the basis of the web slendemess ratio, flcltw. 

When this value is greater than 970/ JF:t (For SI: 5. 70/ j E/ Fy1), the provisions of Appendix G shall 

apply for design flexural strength, otherwise Appendix Fl.7 is applicable. 

For design shear strength and transverse stiffener design, see appropriate sectiom. in Chapter F, or 
see Appendices G3 and G4 if tension field action is utilized. 

CHAPTER H 

H. MEMBERS UNDER TORSION AND COMBINED FORCES 

This section applies to prismatic members subjected to axial force and flexure about one or both 
axes of symmetry, with or without torsion, and torsion only. For web-tapered members, see Appen­
dix F4. 
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H1. SYMMETRIC MEMBERS SUBJECT TO BENDING AND AXIAL FORCE 
1. Doubly and Singly Symmetric Members in Flexure and Tension. The interaction of flexure 
and tension in symmetric shapes shall be limited by Formulas Hl-la and HI-lb. 

p 
for ifJPn ~ 0.2 

(HI-la) 

'" Pu 02 ,or ifJPn < . 

Pu ( Mux Muy ) < l O 
2f/JPn + f/Jifr!nx + f/Jifr/ny - . 

(Hl-lb) 

WHERE: 
M, = nominal flexural strength determined in accordance with Section Fl, kip-in. (N·mm) 
Mu required flexural strength, kip-in. (N·mm) 
P, nominal tensile strength determined in accordance with Section D I, kips (N) 
Pu required tensile strength, kips (N) 
<l>h resistance factor for flexure= 0.90 
<1>t resistance factor for tension, <1>t = 0. 90 (see Section D l) 
Second order effects may be considered in the determination of Mu for use in Formulas H 1-l a and 

H 1-l b. A more detailed analysis of the interaction of flexure and tension may be made in lieu of 
using Formulas HI-la and HI-lb. 

2. Doubly and Singly Symmetric Members in Flexure and Compression. The interaction of 
flexure and compression in symmetric shapes shall be limited by Formulas HI- I a and HI- I b where 

M, nominal flexural strength determined in accordance with Subsection b, below, kip-in. 
(N·mm) 

Mu required flexural strength determined in accordance with Subsection a, below, kip-in. 
(N·mm) 

P, nominal compressive strength determined in accordance with Section E2, kips (N) 
Pu required compressive strength, kips (N) 

<l>h resistance factor for flexure= 0.90 
<l>c = resistance factor for compression, <l>c = 0.85 (see Section E2) 

a. Determination of Mu. In structures designed on the basis of elastic analy:;is, Mu may be deter­
mined from a second order elastic analysis using factored loads. In structures designed on the basis 
of plastic analysis, Mu shall be determined from a plastic analysis that satisfies the requirements of 
Sections CJ and C2. In structures designed on the basis of elastic first order analysis the following 
procedure for the determination of Mu may be used in lieu of a second order analysis: 

Mu = B1M,1 +BzMJ1 (Hl-2) 

WHERE: 

Cm = a coefficient whose value shall be taken as follows: 
Mt1 = required flexural strength in member as a result of lateral translation of the frame only, 

kip-in. (N·mm) 
Mnt = required flexural strength in member assuming there is no lateral translation of the frame, 

kip-in. (N·mm) 
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Pe = AgFy!A.2c where Ac is defined by Formula E2-4 with K $ 1.0 in the plane of bending 

i. For restrained compression members in frames braced against joint translation and not subject 
to transverse loading between their supports in the plane of bending, 

Cm = 0.6- 0.4(Mt/M2) (Hl-4) 

where M 1tM2 is the ratio of the smaller to larger moments at the ends of that portion of the member 
unbraced in the plane of bending under consideration. M1/M2 is positive when the member is bent in 
reverse curvature, negative when bent in single curvature. 

ii. For compression members in frames braced against joint translation in the plane of loading and 
subjected to transverse loading between their supports, the value of Cm can be determined by ratio­
nal analysis. In lieu of such analysis, the following values may be used: 

for members whose ends are restrained ................................ Cm = 0.85 

for members whose ends are unrestrained ............................... Cm = 1.0 

I 
(Hl-5) 

or 

(Hl-6) 

'f.Pu required axial load strength of all columns in a story, kips (N) 

lloh translation deflection of the story under consideration, in. (mm) 

:E H sum of all story horizontal forces producing lloh, kips (N) 

L story height, in. (mm) 

Pe AgFyf).}c, kips (N/mm2), where Ac is the slenderness parameter defined by Formula E2-4, 
in which the effective length factor, K, in the plane of bending shall be d~termined in ac­
cordance with Section C2.2, but shall not be less than unity. 

b. Determination of Mn. In the use of Formulas HI-la and Hl-lb, Mnx shall be d~termined in ac­
cordance with Section Fl. The actual value of Cb specified in Section Fl.3 may be used, provided 
that the maximum moment, Mux, occurs at the end of the member or at the end of an unbraced seg­
ment of a member. When the maximum moment occurs between the ends, Mnx shall be determined 
with Ch = 1.0. When Formula H 1-2 is used for determining Mu, the maximum moment for a braced 
member bent about the strong axis and laterally braced only at its ends will occur at an end whenev­
er the calculated value of Bt is equal to or less than 1. 

H2. UNSYMMETRIC MEMBERS AND MEMBERS UNDER TORSION AIND 
COMBINED TORSION, FLEXURE AND/OR AXIAL FORCE 

The design strength, $Fy, of the member shall equal or exceed the required strength expressed in 
terms of the normal stress, .fun, or the shear stress,.fuv, determined by elastic analysi~ for the factored 
loads: 

a. For the limit state of yielding under normal stress: 
fun $ ifJFy 

ifJ = 0.90 

b. For the limit state of yielding under shear stress: 
fuv or s; 0.6 (jJFy 

ifJ = 0.90 
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For the limit state of buckling: 

fun orfuv :5 </>c Fer. as applicable. 

WHERE: 
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(H2-3) 

<Pc = 0.85 and Fer shall be determined from Formula A-E3-2 or E3-3, as applicable. 

Some constrained local yielding shall be permitted in areas adjacent to areas which remain elas­
tic. 

H3. ALTERNATE INTERACTION EQUATIONS FOR MEMBERS UNDER COMBINED 
STRESS 

See Appendix H3. 

CHAPTER I 

COMPOSITE MEMBERS 

General. This chapter applies to composite columns composed of rolled or bvilt-up structural steel 
shapes, pipe or tubing and structural concrete acting together and to steel beams supporting a rein­
forced concrete slab so interconnected that the beams and the slab act together to resist bending. 
Simple and continuous composite beams with shear connectors and concrete- encased beams, con­
structed with or without temporary shores, included. 

11. DESIGN ASSUMPTIONS 

Force Determination. In determining forces in members and connections of a structure that in­
cludes composite beams, consideration must be given to the effective sections at the time each in­
crement of load is applied. 

Elastic Analysis. For an elastic analysis of continuous composite beams without haunched ends, 
it is acceptable to assume that the stiffness of a beam is uniform throughout the beam length and may 
be computed using the moment of inertia of the composite transformed section in the positive mo­
ment region. 

Plastic Analysis. When plastic analysis is used, the strength of flexural composite members shall 
be determined from plastic stress distributions as specified in 13. 

Plastic Stress Distribution for Positive Moment. If the slab in the positive moment region is con­
nected to the steel beam with shear connectors, a concrete stress of 0.85 f'c ~;hall be assumed uni­
formly distributed throughout the effective compression zone. Concrete tensile strength shall be 
neglected. A uniformly distributed steel stress of Fy shall be assumed throug1out the tension zone 
and throughout the compression zone in the structural steel section. The net tensile force in the steel 
section shall be equal to the compressive force in the concrete slab. 

Plastic Stress Distribution for Negative Moment. If the slab in the negative moment region is 
connected to the steel beam with shear connectors, a tensile stress of Fyr shall be assumed in all 
adequately developed longitudinal reinforcing bars within the effective width of the concrete slab. 
Concrete tensile strength shall be neglected. A uniformly distributed steel stress of Fy shall be as­
sumed throughout the tension zone and throughout the compression zone in the structural steel sec­
tion. The net compressive force in the steel section shall be equal to the total tensile force in the 
reinforcing steel. 

Elastic Stress Distribution. When a determination of elastic stress distribution is required, 
strains in steel and concrete shall be assumed directly proportional to the distance from the neutral 
axis. The stress shall equal strain times E or Ec. Concrete tensile strength shall be neglected. Maxi­
mum stress in the steel shall not exceed Fy. Maximum compressive stress in the concrete shall not 
exceed 0.85f'c· In composite hybrid beams, the maximum stress in the steel flange shall not exceed 
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Fyf but the strain in the web may exceed the yield strain; the stress shall be taken as Fyw at such 
locations. 

Fully Composite Beam. Shear connectors are provided in sufficient numbers to develop the 
maximum flexural strength of the composite beam. For elastic stress distribution it shall be as­
sumed that no slip occurs. 

Partially Composite Beam. The shear strength of shear connectors governs the flexural strength 
of the partially composite beam. Elastic computations such as those for deflections. fatigue and vi­
brations shall include the effect of slip. 

Concrete-encased Beam. A beam totally encased in concrete cast integrally with the slab shall be 
assumed to be interconnected to the concrete by natural bond, without additional anchorage, pro­
vided that: (1) concrete cover over beam sides and soffit is at least 2 inches (51 mrn); (2) the top of 
the beam is at least I 1h inches (38 mm) below the top and 2 inches (51 mm) above the bottom of the 
slab; and (3) concrete encasement contains adequate mesh or other reinforcing steel to prevent spal­
ling of concrete. 

Composite Column. A steel column fabricated from rolled or built-up steel shapes and encased 
in structural concrete or fabricated from steel pipe or tubing and filled with structural concrete. 

12. COMPRESSION MEMBERS 
1. Limitations. To qualify as a composite column, the following limitations shall be met. 

a. The cross-sectional area of the steel shape, pipe or tubing must comprise at least 4 percent of the 
total composite cross section. 

b. Concrete encasement of a steel core shall be reinforced with longitudinal load-carrying bars, 
longitudinal bars to restrain concrete and lateral ties. Longitudinal load carrying bars shall be con­
tinuous at framed levels; longitudinal restraining bars may be interrupted at framed levels. The 
spacing of ties shall be not greater than 2/3 of the least dimension of the composite cross section. The 
cross-sectional area of the transverse and longitudinal reinforcement shall be at least 0.007 square 
inch per inch (0.18 mm2 per rom) of bar spacing. The encasement shall provide at least 1.5 inches 
(38 mm) of clear cover outside of both transverse and longitudinal reinforcement. 

c. Concrete shall have a specified compressive f'c strength of not less than 3 ksi (21 N/mm2) nor 
more than 8 ksi (55 N/mmZ) for normal-weight concrete and not less than 4 ksi <28 N/mm2) for 
light-weight concrete. 

d. The specified minimum yield stress of structural steel and reinforcing bars used in calculating 
the strength of a composite column shall not exceed 55 ksi (380 N/mm2). 

e. The minimum wall thickness of structural steel pipe or tubing filled with concrete shall be 

equal to b J Fy/3E for each face of width bin rectangular sections and D J Fy/8E for circular sec­
tions of outside diameter D. 

2. Design Strength. The design strength of axially loaded composite columns is lj> ~Pn, where <l>c = 
0.85 and the nominal axial compressive strength, Pn, shall be determined from Formulas E2-1 
through E2-4 with the following modifications: 

a. As gross area of steel shape, pipe or tubing; in.2 (mm2) (replaces Ag) 
rm = radius of gyration of the steel shape, pipe or tubing except that for sted shapes, it shall 

not be less than 0.3 times the overall thickness of the composite cro>s section in the 
plane of buckling, in. (replaces r) 

b. Replace Fy with modified yield stress, Fmy• from Formula 12-1 and replace E with modified 
modulus of elasticity, Em, from Formula 12-2. 

Fmy = Fy + CJ Fyr (Ar/A .. ) + cd'c (A,/ A .. ) (12-1) 

(12-2) 
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WHERE: 
Ac area of concrete, in.2 (mm2) 

Ar 

As 
E 

= 
= 
= 

area of longitudinal reinforcing bars, in.2 (mm2) 
area of steel, in.2 (mm2) 
modulus of elasticity of steel, ksi (N/mm2) 

Ec 
Fy 

= 
= 

modulus of elasticity of concrete,* ksi (N/mm2) as given in Section 2608 (f) of the code 
specified minimum yield stress of steel shape, pipe or tubing, ksi C'l/mm2) 

Fyr specified minimum yield stress of longitudinal reinforcing bars, ksi (N/mm2) 

f'c specified compressive strength of concrete, ksi (N/mm2) 

CJ,C2, 
q = numerical coefficients. For concrete-filled pipe and tubing: Ct = 1.0, c2 = 0.85 and CJ = 

0.4; for concrete encased shapes c 1 = 0.7, c2 = 0.6 and c3 = 0.2 
3. Columns with Multiple Steel Shapes. If the composite cross section includes two or more steel 
shapes, the shapes must be interconnected with lacing, tie plates or batten plat(S to prevent buckling 
of individual shapes before hardening of concrete. 

4. Load Transfer. The portion of the design strength of axially loaded composite columns resisted 
by concrete shall be developed by direct bearing at connections. When the supporting concrete area 
is wider than the loaded area on one or more sides and otherwise restrained ag2inst lateral expansion 
on the remaining sides, the maximum design strength of concrete shall be 1.7'~c!'c AB. where <l>c = 
0.60 is the resistance factor in bearing on concrete and A B is the loaded area. 

13. FLEXURAL MEMBERS 
1. Effective Width. The portion of the effective width of the concrete slab on each side of the beam 
center line shall not exceed: 

a. One eighth of the beam span, center to center of supports; 

b. One half the diameter to the centerline of the adjacent beam; or 

c. The distance from the beam centerline to the edge of the slab. 

2. Strength of Beams with Shear Connectors. 1. The positive design flexural strength, <l>b Mn, 
shall be determined as follows: 

a. For he lfw :5 640/ fF:t (For SI: he ltw :5 3. 76 j E/ Fv! ): 
<1> b = 0.85; Mn shall be determined from the plastic stress distribution on the composite sec­
tion. 

b. For hcltw > 640/ JF:t (For SI: heltw :5 3.76jE/Fyf): 
<l>b = 0.90; Mn shall be determined from the superposition of elastic stresses, considering the 
effects of shoring. 

The negative design flexural strength, <l>b Mn, shall be determined for the :;teel section alone, in 
accordance with the requirements of Section F. 

Alternatively, the negative design flexural strength, <i>hMn, may be comput,~d with <l>b = 0.85 and 
Mn determined from the plastic stress distribution on the composite section. provided that: 

a. Steel beam is an adequately braced compact section, as defined in Section B5. 

b. Shear connectors connect the slab to the steel beam in the negative moment region. 

*£..may be computed from E, = wl.
5 ffc (For SI: E, = 0.041 wl.

5 ffc ) where w, the unit weight of con­
crete, is expressed in lbs./cu.ft. (kg!m3) and f~ is expressed in ksi (Nfmm2). 
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c. Slab reinforcement parallel to the steel beam, within the effective width of the :;Jab, is properly 
developed. 

3. Strength of Concrete-encased Beams. The design flexural strength, q, b Mn, shall be computed 
with <P b = 0.90 and Mn determined from the superposition of elastic stresses, considering the effects 
of shoring. 

Alternatively, the design flexural strength, <!lhMn, may be computed with <Ph= 0.90 and Mn deter­
mined from the plastic stress distribution on the steel section alone. 

4. Strength During Construction. When temporary shores are not used during c::mstruction, the 
steel section alone shall have adequate strength to support all loads applied prior to the concrete 
attaining 75 percent of its specified strength,!~. The design flexural strength of the steel section 
shall be determined in accordance with the requirements of Section Fl. 

5. Formed Steel Deck 

a. General. The design flexural strength, <P b Mn, of composite construction consisting of concrete 
slabs on formed steel deck connected to steel beams shall be determined by the applicable portions 
of Section 13.2, with the following modifications: 

This section is applicable to decks with nominal rib height not greater than 3 inch~s (76 mm). The 
average width of concrete rib or haunch, wn shall be not less than 2 inches (51 mm). but shall not be 
taken in calculations as more than the minimum clear width near the top of the steel deck. See Sec­
tion 13.5c for additional restrictions. 

The concrete slab shall be connected to the steel beam with welded stud shear connectors 3/4 inch 
(19 mm) or less in diameter. Studs may be welded either through the deck or directly to the steel 
beam. Stud shear connectors, after installation, shall extend not less than 1112 inche~: (38 mm) above 
the top of the steel deck. 

The slab thickness above the steel deck shall not be less than 2 inches (51 mm). 

b. Deck Ribs Oriented Perpendicular to Steel Beam. Concrete below the top of the steel deck 
shall be neglected in determining section properties and in calculating Ac for deck ribs oriented per­
pendicular to the steel beams. 

The spacing of stud shear connectors along the length of a supporting beam shall not exceed 32 
inches (815 mm). 

The nominal strength of a stud shear connector shall be the value stipulated in ~:ection 15 multi­
plied by the following reduction factor: 

O~ (wr/hr) [(Hs/hr) - 1.0] $; 1.0 (13-1) 
..;Nr 

WHERE: 
hr nominal rib height, in. (mm) 
H.f = length of stud connector after welding, in. (mm), not to exceed the value (hr + 3) [For SI: 

(hr + 75 mm)] in computations, although actual length may be greater 
Nr = number of stud connectors in one rib at a beam intersection, not to exceed three in compu­

tations, although more than three studs may be installed 
Wr average width of concrete rib or haunch (as defined in Section 13.5a), in. 
To resist uplift, steel deck shall be anchored to all supporting members at a spacing not to exceed 

16 inches (410 mm). Such anchorage may be provided by stud connectors, a combination of stud 
connectors and arc spot (puddle) welds or other devices specified by the designer. 

c. Deck Ribs Oriented Parallel to Steel Beam. Concrete below the top of the steel deck may be 
included in determining section properties and shall be included in calculating A~ in Section 15. 

Steel deck ribs over supporting beams may be split longitudinally and separated to form a con­
crete haunch. 
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When the nominal depth of steel deck is 11/2 inches (38 mm) or greater, the average width, Wr, of 
the supported haunch or rib shall be not less than 2 inches (51 mm) for the first stud in the transverse 
row, plus 4 stud diameters for each additional stud. 

The nominal strength of a stud shear connector shall be the value specified in Section 15, except 
that when Wr lh r is less than 1.5, the value from Section 1.5 shall be multiplied by the following 
reduction factor: 

(13-2) 

where hr and Hs are as defined in Section 13 .5b and wr is the average width of concrete rib or haunch 
as defined in Section 13.5a. 

6. Design Shear Strength. The design shear strength of composite beams shall be determined by 
the shear strength of the steel web, in accordance with Section F2. 

14. COMBINED COMPRESSION AND FLEXURE 

The interaction of axial compression and flexure in the plane of symmetry on composite members 
shall be limited by Formulas H1-1 through H1- 6 with the following modifications: 

Fmy modified yield stress, ksi (N/mm2), see Section 12 
Mn nominal flexural strength determined from plastic stress distribution on the composite 

cross section except as provided below, kip-in. (N·mm) 

Pe A,F mv/Az..elastic buckling load, kips (N) 
I.e = column slenderness parameter defined by Formula E2-4 as modifi,~d in Section 12.2 
<l>b resistance factor for flexure from Section 13 

<l>c 0.85 
When the axial term in Formulas Hl-la and H1-lb is less than 0.3, the nominal flexural strength, 

Mn, shall be determined by straight-line transition between the nominal flexural strength deter­
mined from the plastic distribution on the composite cross sections at (Pul<l>b P,,) = 0.3 and the flexu­
ral strength at Pu = 0 as determined in Section 13. If shear connectors are required at Pu = 0, they 
shall be provided whenever Pul<l>b Pn is less than 0.3. 

15. SHEAR CONNECTORS 

This section applies to the design of stud and channel shear connectors. The design of connectors 
of other types, shall be in accordance with Section 16. 

1. Materials. Shear connectors shall be headed steel studs not less than four stud diameters in length 
after installation, or hot-rolled steel channels. The stud connectors shall conform to the require­
ments of Section A3.6. The channel connectors shall conform to the requirements of Section A3. 
Shear connectors shall be embedded in concrete slabs made with ASTM C 33 aggregate or with 
rotary kiln produced agfregates conforming to ASTM C 330, with concrete unit weight not less 
than 90 pcf (1440 kg/m ). 

2. Horizontal Shear Force. Except for concrete-encased beams as defined in Section 11, the entire 
horizontal shear at the interface between the steel beam and the concrete slab !:hall be assumed to be 
transferred by shear connectors. For composite action with concrete subject to flexural compres­
sion, the total horizontal shear force between the point of maximum positive moment and the point 
of zero moment shall be taken as the smallest of the following: (1) 0.85 J'c1\c; (2) AsFv;* and (3) 
E~ . 
WHERE: 

Ac = area of concrete slab within effective width, in.2 (mm2) 

*For hybrid beams. the yield force must be computed separately for each component oftt,e cross section; A5 Fy of 
the entire cross section is the sum of the component yield forces. 
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As 
f'c 
Fy 

= 

= 

area of steel cross section, in.2 (mm2) 

specified compressive strength of concrete, ksi (N/mm2) 

minimum specified yield stress, ksi (N/mm2) 

:EOn = sum of nominal strengths of shear connectors between the point of maximum positive mo­
ment and the point of zero moment, kips (N) 

In continuous composite beams where longitudinal reinforcing steel in the negative moment 
regions is considered to act compositely with the steel beam, the total horizontal shear force 
between the point of maximum negative moment and the point of zero moment shall be taken as the 
smaller of ArFvr and :EOn; 

WHERE: 
Ar area of adequately developed longitudinal reinforcing steel within the effective width of 

the concrete slab, in.2 (mm2) 

Fvr minimum specified yield stress of the reinforcing steel, ksi (N/mm2) 
:EQn sum of nominal strengths of shear connectors between the point of maximum negative 

moment and the point of zero moment, kips (N) 
3. Strength of Stud Shear Connectors. The nominal strength of one stud shear connector em­
bedded in a solid concrete slab is 

Q. = 0.5 A,,. )J',. E,. :5 Asc F. (15-l) 

WHERE: 
Asc cross-sectional area of a stud shear connector, in.2 (mm2) 

Ec modulus of elasticity of concrete, *ksi (N/mm2) 

f'c specified compressive strength of concrete, ksi (N/mm2) 

Fu minimum specified tensile strength of a stud shear connector, ksi (N/mm2) 

For a stud shear connector embedded in a slab on a formed steel deck, refer to Section 13 for re­
duction factors given by Formulas 13-l and 13-2 as applicable. The reduction f2.ctors should be 

applied only to 0.5Asc Jf'c Ec term in Formula 15-l. 

4. Strength of Channel Shear Connectors. The nominal strength of one channel shear connector 
embedded in a solid concrete slab is 

WHERE: 
4: length of channel shear connector, in. (mm) 

fJ = flange thickness of channel shear connector, in. (mm) 

tw = web thickness of channel shear connector, in. (mm) 

(15-2) 

5. Required Number of Shear Connectors. The number of shear connectors required between the 
section of maximum bending moment, positive or negative, and the adjacent section of zero mo­
ment shall be equal to the horizontal shear force as determined in Section 15.2 divided by the nomi­
nal strength of one shear connector as determined from Section 15.3 or Section 15.4. 

6. Shear Connector Placement and Spacing. Shear connectors required on each side of the point 
of maximum bending moment, positive or negative, may be distributed uniformly between that 
point and the adjacent points of zero moment. However, the number of shear connectors placed be­
tween any concentrated load and the nearest point of zero moment shall be sufficient to develop the 
maximum moment required at the concentrated load point. 

*Ec may be computed from Ec = wl.
5 ffc (For SI: Ec = 0.041 wl.

5 ffc ) where w, the unit weight of con­
crete, is expressed in lbs./cu.ft. (kg!m3) and f~· is expressed in ksi (N/mm2). 
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Except for connectors installed in the ribs of formed steel decks, shear connectors shall have at 
least 1 inch (25 mm) of lateral concrete cover. Unless located over the web, the diameter of studs 
shall not be greater than 2.5 times the thickness of the flange to which they are welded. The mini­
mum center to center spacing of stud connectors shall be 6 diameters along the longitudinal axis of 
the supporting composite beam and 4 diameters transverse to the longitudinal 2.xis of the supporting 
composite beam, except that within the ribs of formed steel decks the center to center spacing may 
be as small as 4 diameters in any direction. The maximum center to center spacing of shear connec­
tors shall not exceed 8 times the total slab thickness. 

16. SPECIAL CASES 
When composite construction does not conform to the requirements of Section 11 through Sec­

tion 15, the strength of shear connectors and details of construction shall be established by a suitable 
test program. 

CHAPTER J 

CONNECTIONS, JOINTS AND FASTENERS 

J1. GENERAL PROVISIONS 

1. Design Basis. Connections consist of connecting elements (e.g., stiffeners, gussets, angles, 
brackets) and connectors (welds, bolts, rivets). These components shall be proportioned so that 
their design strength equals or exceeds the required strength determined by (a) structural analysis 
for factored loads acting on the structure or (b) a specified proportion of the strength of the con­
nected members, whichever is appropriate. 

2. Simple Connections. Except as otherwise indicated in the design documents, connections of 
beams, girders or trusses shall be designed as flexible, and may ordinarily be proportioned for the 
reaction shears only. Flexible beam connections shall accommodate end rotntions of unrestrained 
(simple) beams. To accomplish this, inelastic deformation in the connection is permitted. 

3. Moment Connections. End connections of restrained beams, girders and trusses shall be de­
signed for the combined effect of forces resulting from moment and shear induced by the rigidity of 
the connections. 

4. Compression Members with Bearing Joints. When columns bear on bearing plates or are fin­
ished to bear at splices, there shall be sufficient connectors to hold all parts securely in place. 

When other compression members are finished to bear, the splice material and its connectors 
shall be arranged to hold all parts in line and shall be proportioned for 50 percent of the factored 
strength of the member. 

All compression joints shall be proportioned to resist any tension developed by the factored loads 
specified by Formula A4-6. 

5. Minimum Strength of Connections. Except for lacing, sag rods or girts, connections providing 
design strength shall be designed to support a factored load not less than 10 kips (44.5 kN). 

6. Placement of Welds and Bolts. Groups of welds or bolts at the ends of any member which trans­
mit axial force into that member shall be sized so that the center of gravity of the group coincides 
with the center of gravity of the member, unless provision is made for the eccentricity. The forego­
ing provision is not applicable to end connections of statically-loaded singl1! angle, double angle 
and similar members. 

7. Bolts in Combination with Welds. In new work, A307 bolts or high-strength bolts propor­
tioned as bearing-type connections shall not be considered as sharing the load in combination with 
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welds. Welds, if used, shall be provided to carry the entire force in the connection. High-strength 
bolts proportioned for slip-critical connections may be considered as sharing the load with the 
welds. 

In making welded alterations to structures, existing rivets and high-strength bolts tightened to the 
requirements for slip-critical connections may be utilized for carrying loads resultir.g from existing 
dead loads, and the welding need only provide the additional design strength required. 

8. High-strength Bolts in Combination with Rivets. In both new work and alterations, in con­
nections designed as slip-critical connections in accordance with the provisions of Section 13, 
high-strength bolts may be designed to share the load with rivets. 

9. Limitations on Bolted and Welded Connections. Fully tensioned high-strength bolts (see 
Table 13.1) or welds shall be used for the following connections: 

Column splices in all tier structures 200 feet (60 960 mm) or more in height. 

Column splices in tier structures I 00 to 200 feet (30 480 mm to 60 960 mm) in height, if the least 
horizontal dimension is less than 40 percent of the height. 

Column splices in tier structures less than I 00 feet (30 480 mm) in height, if the least horizontal 
dimension is less than 25 percent of the height. 

Connections of all beams and girders to columns and of any other beams and gird~rs on which the 
bracing of columns is dependent, in structures over 125 feet (38 100 mm) in height. 

In all structures carrying cranes of over 5-ton (44.5 kN) capacity: roof-truss spikes and connec­
tions of trusses to columns, column splices, column bracing, knee braces and crane supports. 

Connections for supports of running machinery, or of other live loads which produce impact or 
reversal of stress. 

Any other connections stipulated on the design plans. 

In all other cases connections may be made with A307 bolts or snug-tight high-strength bolts. 

For the purpose of this Section, the height of a tier structure shall be taken as the vertical distance 
from the curb level to the highest point of the roof beams in the case of flat roofs, or to the mean 
height of the gable in the case of roofs having a slope of more than 221J in 12 (2.22 in I 0). Where the 
curb level has not been established, or where the structure does not adjoin a street, the mean level of 
the adjoining land shall be used instead of curb level. Penthouses may be excluded in computing the 
height of structure. 

10. Splices In Heavy Sections 

This paragraph applies to ASTM A6 Group 4 and 5 rolled shapes, or shapes built-up by welding 
plates more than 2 inches (51 mm) thick together to form the cross section,* and where the cross 
section is to be spliced and subject to primary tensile stresses due to tension or flexure. When tensile 
forces in these sections are to be transmitted through splices by full-penetration groove welds, ma­
terial notch-toughness requirements as given in Section A3.1 a, weld across hole details as given in 
11.11, welding preheat requirements as given in J2.7 and the thermal-cut surface preparation and 
inspection requirements as given in M2.2 apply. 

At tension splices in Group 4 and 5 shapes and built-up members of material more than 2 inches 
(51 mm) thick, weld tabs and backing shall be removed and the surfaces ground smooth. 

When splicing ASTM A6 Group 4 and 5 rolled shapes or shapes built-up by welding plates more 
than 2 inches (51 mm) thick to form a cross section, and where the section is to be used as a primary 

*When the individual elements of the cross section are spliced prior to being joined to form th~ cross section in 
accordance with ASW Dl.l, Article 3.4.6, the applicable provisions of AWS Dl.l apply in lieu of the requirement 
of this section. 
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compression member, all weld access holes required to facilitate groove welding operations shall 
satisfy the provisions of 11.11. 

Alternatively, splicing of such members subject to compression, including members which are 
subject to tension due to wind or seismic loads, may be accomplished using splice details which do 
not induce large weld shrinkage strains such as partial penetration flange groove welds with fil­
let-welded surface lap plate splices on the web or with bolted or combination bolted/fillet-welded 
lap plate splices. 

11. Beam Copes and Weld Access Holes 
All weld access holes required to facilitate welding operations shall have a kngth from the toe of 

the weld preparation not less than ! 1/2 times the thickness of the material in which the hole is made. 
The height of the access hole shall be adequate for deposition of sound weld metal in the adjacent 
plates and provide clearance for weld tabs for the weld in the material in which the hole is made but 
not less than the thickness of the material. In hot-rolled shapes and built-up shapes, all beam copes 
and weld access holes shall be shaped free of notches or sharp reentrant comers except when fillet 
web-to-flange welds are used in built-up shapes, access holes are permitted to terminate perpendic­
ular to the flange. 

For Group 4 and 5 shapes and built-up shapes of material more than 2 inches (51 mm) thick, the 
thermally cut surfaces of beam copes and weld access holes shall be ground to bright metal and 
inspected by either magnetic particle or dye penetrant methods. If the curved transition portion of 
weld access holes and beam copes are formed by predrilled or sawed holes, that portion of the ac­
cess hole or cope need not be ground. Weld access holes and beam copes in other shapes need not be 
ground nor inspected by dye penetrant or magnetic particle. 

J2. WELDS 

All provisions of American Welding Society Structural Welding Code-Steel, A WS D 1.1, except I 
Sections 2.3, 2.4, 2.5, 8.13.1, 9, and 10 as applicable, apply to work performed under this Specifica­
tion. 

1. Groove Welds 

a. Effective Area. The effective area of groove welds shall be considered as the effective length of 
the weld times the effective throat thickness. 

The effective length of a groove weld shall be the width of the part joined. 

The effective throat thickness of a complete-penetration groove weld shalll:e the thickness of the 
thinner part joined. 

The effective throat thickness of a partial-penetration groove weld shall he as shown in Table 
12.1. 

The effective throat thickness of a flare groove weld when flush to the surface of a bar or 90° bend 
in a formed section shall be as shown in Table 12.2. Random sections of production welds for each 
welding procedure, or such test sections as may be required by design docurr.ents, shall be used to 
verify that the effective throat is consistently obtained. 

Larger effective throat thicknesses than those in Table 12.2 are permitted, provided the fabricator 
can establish by qualification that he can consistently provide such larger effective throat thick­
nesses. Qualification shall consist of sectioning the weld normal to its axis, at mid-length and termi­
nal ends. Such sectioning shall be made on a number of combinations of material sizes 
representative of the range to be used in the fabrication or as required by the designer. 

b. Limitations. The minimum effective throat thickness of a partial-penetration groove weld shall 
be as shown in Table 12.4. Weld size is determined by the thicker of the two parts joined, except that 
the weld size need not exceed the thickness of the thinnest part joined when a larger size is required 
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by calculated strength. For this exception, particular care shall be taken to provide sufficient preheat 
for soundness of the weld. 

TABLE J2.1 
Effective Throat Thickness of Partial Penetration Groove Welds 

Welding Welding Included Angle at Effective Throat 
Process Position Root of Groove lhickness 

Shielded metal arc J or U joint 
Submerged arc 

Bevel or V joint Depth of chamfer 

Gas metal arc All 2: 60° 

Flux-cored arc Bevel or V joint Depth of chamfer 
< 60° but 2: 45° minus 1f8-in. (3 mm) 

TABLE J2.2 
Effective Throat Thickness of Flare Groove Welds 

Type Radius (R) Effective Throat 
of Weld of Bar or Bend Thickness 

Flare bevel groove All 5/1eR 

Flare V-groove All 1/2H* 

*Use 3f8Rfor Gas Metal Arc Welding (except short circuiting transfer process) when R 2: 1 i1. (25 mm) 

2. Fillet Welds 
a. Effective Area. The effective area of fillet welds shall be taken as the effective length times the 
effective throat thickness. 

The effective length of fillet welds, except fillet welds in holes and slots, shaLl be the overall 
length of full-size fillets, including returns. 

The effective throat thickness of a fillet weld shall be the shortest distance fron the root of the 
joint to the face of the diagrammatic weld, except that for fillet welds made by the submerged arc 
process, the effective throat thickness shall be taken equal to the leg size for 3fs inch (9.5 mm) and 
smaller fillet welds, and equal to the theoretical throat plus 0.11 inch (2.8 mm) for fillet welds over 
3/s inch (9.5 mm). 

For fillet welds in holes and slots, the effective length shall be the length of the centerline of the 
weld along the center of the plane through the throat. In the case of overlapping fillets, the effective 
area shall not exceed the nominal cross-sectional area of the hole or slot, in the pl~Jle of the faying 
surface. 

b. Limitations. The minimum size of fillet welds shall be as shown in Table 12.5. 
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TABLE J2.4 
Minimum Effective Throat Thickness of 

Partial-penetration Groove Welds 

Material Thickness of Thicker Minimum EffectivE' Throat 
Part Joined (in.) Thickness• (in.) 

x 25.4formm 

To 1t4 inclusive 1/s 
Over 1/4 to 1/2 3/16 
Over 1/2 to 3/4 1/4 
Over 3/4 to 1 1 /~ 5/1s 
Over 11/2 to 2 /4 3fs 
Over 21/2 to 6 1/2 
Over6 5fs 

•see Sect. J2. 

TABLE J2.5 
Minimum Size of Fillet Welds 

Material Thickness of Thicker Minimum Size Clf Fillet 
Part Joined (in.) Weld" (in.) 

x 25.4for mm 

To 1t4 inclusive 1/s 
Over 1/4 to 1/2 3/16 
Over 1/2 to 3/4 1/4 
Over 3/4 5/16 

8 Leg dimension of fillet welds. 

Minimum weld size is determined by the thicker of the two parts joined, ex(:ept that the weld size 
need not exceed the thickness of the thinner part. For this exception, particular care shall be taken to 
provide sufficient preheat for soundness of the weld. Weld sizes larger than the thinner part joined 
are permitted if required by calculated strength. In the as-welded condition, the distance between 
the edge of the base metal and the toe of the weld may be less than 1/16 inch ( 1.6 mm) provided the 
weld size is clearly verifiable. 

The maximum size of fillet welds that may be used along edges of connected parts shall be: 

Along edges of material less than 1/4-inch (6.4 mm) thick, not greater than the thickness of the 
material. 

Along edges of material 1/4 inch (6.4 mm) or more in thickness, not greater than the thickness of 
the material minus 1/16 inch (1.6 mm), unless the weld is especially designated on the drawings to be 
built out to obtain full-throat thickness. 

The effective length of fillet welds designed on the basis of strength shall not be less than 4 times 
the nominal size, or else the size of the weld shall be considered not to exceed one fourth of its effec­
tive length. If longitudinal fillet welds are used alone in end connections of ilat bar tension mem­
bers, the length of each fillet weld shall be not less than the perpendicular di:;tance between them. 
The transverse spacing of longitudinal fillet welds used in end connections of tension members 
shall not exceed 8 inches (203 mm), unless the member is designed on the basis of effective net area 
in accordance with Section B3. 

Intermittent fillet welds may be used to transfer calculated stress across a joint or faying surfaces 
when the strength required is less than that developed by a continuous fillet weld of the smallest 
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pennitted size, and to join components of built-up members. The effective length of any segment of 
intennittent fillet welding shall be not less than four times the weld size, with a minimum of ti h 
inches (38 mm). 

In lap joints, the minimum amount of lap shall be five times the thickness of the thinner part 
joined, but not less than 1 inch (25 mm). Lap joints joining plates or bars subjected to axial stress 
shall be fillet welded along the end of both lapped parts, except where the deflection of the lapped 
parts is sufficiently restrained to prevent opening of the joint under maximum loading. 

Side or end fillet welds tenninating at ends or sides, respectively, of parts or members shall, wher­
ever practical, be returned continuously around the comers for a distance not less th.m two times the 
nominal size of the weld. This provision shall apply to side and top fillet welds connecting brackets, 
beam seats and similar connections, on the plane about which bending moments an! computed. For 
framing angles and simple end plate connections which depend upon flexibility of the outstanding 
legs for connection flexibility, end returns shall not exceed four times the nominal :;ize of the weld. 
Fillet welds which occur on opposite sides of a common plane shall be interrupted at the comer 
common to both welds. End returns shall be indicated on the design and detail drawings. 

Fillet welds in holes or slots may be used to transmit shear in lap joints or to prevent the buckling 
or separation of lapped parts and to join components of built-up members. Such fillet welds may 
overlap, subject to the provisions of Section 12. Fillet welds in holes or slots are not to be considered 
plug or slot welds. 

3. Plug and Slot Welds 
a. Effective Area. The effective shearing area of plug and slot welds shall be considered as the 
nominal cross-sectional area of the hole or slot in the plane of the faying surface. 

b. Limitations. Plug or slot welds may be used to transmit shear in lap joints or to prevent buckling 
of lapped parts and to join component parts of built-up members. 

The diameter of the holes for a plug weld shall not be less than the thickness of th'! part containing 
it plus 5/16 inch (7.9 mm), rounded to the next larger odd 1/16 inch (1.6 mm), or greater than two and 
one-fourth times the thickness of the weld metal. 

The minimum center-to-center spacing of plug welds shall be four times the diameter of the hole. 
The length of slot for a slot weld shall not exceed 10 times the thickness of the wdd. The width of 

the slot shall not be less than the thickness of the part containing it plus 5t 16 inch (7.9 mm), rounded 
to the next larger odd 1116 inch (1.6 mm), nor shall it be larger than two and one-fourth times the 
thickness of the weld. The ends of the slot shall be semicircular or shall have the comers rounded to 
a radius not less than the thickness of the part containing it, except those ends which extend to the 
edge of the part. 

The minimum spacing of lines of slot welds in a direction transverse to their length shall be four 
times the width of the slot. The minimum center-to-center spacing in a longitudinal direction on any 
line shall be two times the length of the slot. 

The thickness of plug or slot welds in material 5/s inch (16 mm) or less in thickness shall be equal 
to the thickness of the material. In material over 5 /g inch ( 16 mm) in thickness, the thickness of the 
weld shall be at least one half the thickness of the material but not less than 5 /g inch (16 mm). 

4. Design Strength. The design strength of welds shall be the lower value of ¢!FBM and ¢!Fw, when 
applicable, where FBM and Fw are the nominal strengths of the base material and the weld electrode 
material, respectively. The values of¢!, FBM and Fw and limitations thereon are given in Table 12.3. 
5. Combination of Welds. If two or more of the general types of welds (groove, fillet, plug, slot) 
are combined in a single joint, the design strength of each shall be separately computed with refer­
ence to the axis of the group in order to detennine the design strength of the combination. 

6. Matching Steel. The choice of electrode for use with complete-penetration groove welds sub­
ject to tension nonnal to the effective area is dictated by the requirements for matc1ing steels given 
in approved national standards. 

2-588 



1994 UNIFORM BUILDING CODE 

7. MIXED WELD METAL 

CHAP. 22, DIV. VIII 
2249 

When notch-toughness is specified, the process consumables for all weld metal, tack welds, root 
pass and subsequent passes, deposited in a joint shall be compatible to assure notch-tough compos­
ite weld metal. 

8. PREHEAT FOR HEAVY SHAPES 

For A6 Group 4 and 5 shapes and welded built-up members made of plates more than 2 inches (51 
mm) thick, a preheat equal to or greater than 350°F. (176.7°C.) shall be used when making 
groove-weld splices. 

J3. BOLTS, THREADED PARTS AND RIVETS 

1. High-strength Bolts. Except as otherwise provided in this standard, use of high-strength bolts 
shall conform to the provisions of Chapter 22, Division IV. 

If required to be tightened to more than 50 percent of their minimum specified tensile strength, 
A449 bolts in tension and bearing-type shear connections shall have a F436 hardened washer in­
stalled under the bolt head, and the nuts shall meet the requirements of A563. When assembled, all 
joint surfaces, including those adjacent to the washers, shall be free of scale, except tight mill scale. 
Except as noted below, all A325 and A490 bolts shall be tightened to a bolt tension not less than that 
given in Table J3.1. Tightening shall be done by the tum-of-nut method, a direct tension indicator or 
by calibrated wrench. 
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Types of Weld and 
Stress8 

Tension normal to 
effective area 

Compression normal 
to effective area 

Tension or 
compression parallel 
to axis of weld 

Shear on effective 
area 

Compression normal 
to effective area 

Tension or 
compression parallel 
to axis of weldd 

Shear parallel to axis 
of weld 

Tension normal to 
effective area 

Stress on effective 
area 

Tension or 
compression parallel 
to axis of weldd 

Shear parallel to 
laying surfaces (on 
effective area) 

TABLE J2.3 
Design Strength of Welds 

Material Resistance Factor cjl 
Nominal strength 

FaMorFw 

Complete Penetration Groove Weld 

Base 0.90 Fy 

Base 0.90 Fy 

Base weld 0.90 0.60F. 
electrode 0.80 0.60~xx 

Partial Penetration Groove Welds 

Base 0.90 Fy 

Base8 weld 0.75 0.60FExx electrode 

Base weld 0.90 F. 
electrode 0.80 0.60~EXX 

Fillet Welds 

Base8 weld 0.75 0.60FExx electrode 

Base 0.90 Fy 

Plug or Slot Welds 

Base8 weld 
electrode 

0.75 0.60FExx 

BFor definition of effective area, see Sect. J2. 
bFor "matching" weld metal, see Table 4.1.1, AWS 01.1. 

Ruquired Weld 
strength levelb,c 

"Matching" weld must be 
used. 

Weld metal with a 
strength level equal to to 
less than "matching" 
may b!' used. 

Weld metal with a 
strength level equal to 
or less than "matching" 
weld rr,etal may be 
used. 

Weld r1etal with a 
strength level equal to 
or less than "matching" 
weld metal may be 
used. 

Weld r1etal with a 
strength level equal to 
or less than "matching" 
weld metal may be 
used. 

cweld metal one strength level stronger than "matching" weld metal will be permitted. 
dFillet welds and partial-penetration groove welds joining component elements of built-up members, such as 
flange-to-web connections, may be designed without regard to the tensile or compressive stress in these elements 
parallel to the axis of the welds. 

8 The design of connected material is governed by Sect. J4. 
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Bolt Size, in. 

x 25.4formm 

1/2 
5fa 
3/4 
1/a 

1 
11/a 
11/4 
13/a 
11/2 

TABLE J3.1 
Minimum Bolt Tension, kipsa 

( x 4448 for N) 

A325 Bolts 

12 
19 
28 
39 
51 
56 
71 
85 

103 
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A490 Bolts 

15 
24 
35 
49 
64 
80 

102 
121 
148 

•Equal to 0.70 of minimum tensile strength of bolts, rounded off to nearest kip, as specified in ASTM specifications 
for A325 and A490 bolts with UNC threads. 

Bolts in connections not subject to tension loads, where slip can be perrnitt·~d and where loosen­
ing or fatigue due to vibration or load fluctuations are not design considerations, need only to be 
tightened to the snug-tight condition. The snug-tight condition is defined as ·:he tightness attained 
by a few impacts of an impact wrench or the full effort of a worker with an ordinary spud wrench and 
must bring the connected plies into firm contact. The nominal strength value given in Table 13.2 for 
bearing-type connections shall be used for bolts tightened to the snug-tight condition. Bolts to be 
tightened only to the snug-tight condition shall be clearly identified on the design and erection 
drawings. 

2. Effective Bearing Area. The effective bearing area of bolts, threaded pa1ts and rivets shall be 
the diameter multiplied by the length in bearing, except that for countersunk bolts and rivets, one 
half the depth of the countersink shall be deducted. 

3. Design Tension or Shear Strength. The design strength of bolts and threaded parts shall be tak­
en as the product of the resistance factor, <!>,and the nominal strength given in Table 13.2 of the un­
threaded nominal body area of bolts and threaded parts other than upset rods (see Footnote c of 
Table J3.2). High-strength bolts required to support the applied load by means of direct tension shall 
be proportioned so that their average required strength, computed on the basi:; of nominal bolt area 
and independent of any initial tightening force, will not exceed the design :>trength. The applied 
load shall be the sum of the factored external loads and any tension resulting from prying action 
produced by deformation of the connected parts. 
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Description of Fasteners 

Description of Fasteners 

A307 bolts 

A325 bolts, when threads are 
not excluded from shear planes 

A325 bolts, when threads are 
excluded from shear planes 

A490 bolts, when threads are 
not excluded from shear planes 

A490 bolts, when threads are 
excluded from the shear planes 

Threaded parts meeting the 
requirements of Sect. A3, when 
threads are not excluded from 
the shear planes 

Threaded parts meeting the 
requirements of Sect. A3, when 
threads are excluded from the 
shear planes 

A502, Gr. 1, hot-driven rivets 

A502, Gr. 2 & 3, hot-driven 
rivets 

1994 UNIFORM BUILDING CODE 

TABLE J3.2 
Design Strength of Fasteners 

Shear Strength in Bearing-type 
Tensile Strength Connectons 

x 6.89 for N/mm2 

Resistance Factor Nominal Strength, Resistance Factor tJominal Strength, 
~ ksi ~ ksi 

0.75 45.0" 0.60 27.0b,9 

9o.od 0.65 54.oe 

oo.od 72.09 

112.5d 67.59 

112.5d 90.09 

0.75Fua,c 0.45Fu 

0.75Fua,c 0.60Fu 

45.0" 36.09 

60.0" 48.09 

8 Static loading only. 
bThreads permitted in shear planes. 
cThe nom1nal tensile strength of the threaded portion of an upset rod, based upon the cross-sectioral area at its 

major diameter, Aj, shall be larger than the nominal body area of the rod before upsetting times Fy-
dFor A 325 and A490 bolts subject to tensile fatigue loading, see Appendix K4. 
9 When bearing-type connections used to splice tension members have a fastener pattern whose le'lgth, measured 
parallel to the line of force, exceeds 50 in. (1270 mm), tabulated values shall be reduced by 20%. 

TABLEJ3.3 
Tension Stress Limit (f1), ksi, for Fasteners 

in Bearing-type Connections 

Threads Excluded 
Threads Included in the Shear Plane frorn the Shear Plane 

Description of Fasteners x 6.89 for N/mm2 

A307 bolts 39- 1.8{, s 30 

A325bolts 85 - 1.8fv S 68 85- 1.4fv s 68 

A490 bolts 106- 1.8fv S 84 106- 1.4fv s 84 

Threaded parts A 449 bolts over 0.73Fu - 1.8fv S 0.56Fu 0.73Fu- 1.4;~ s 0.56Fu 
11/2-in. diameter 
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A502 Gr. 1 rivets 

A502 Gr. 2 rivets 

44- 1.3fv S 34 

59 -1.3(, s 45 
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4. Combined Tension and Shear in Bearing-type Connections. Bolts and rivets subject to com­
bined tension and shear shall be so proportioned that the tension stress, ft, produced by factored 
loads on the nominal body area, Ab, does not exceed the values computed from the formulas in Table 
13.3. The value offv, the shear produced by the same factored loads, shall not ~xceed the values for 
shear given in Section 13.3. 

5. High-strength Bolts in Slip-critical Joints. The design shear resistance of slip-critical joints 
shall be determined by using the tabulated values from Table 13.4 multiplied by <j> = 1.0, except cj> = 
0.85 for the long-slotted holes when the load is in the direction of the slot. The shear on the bolt due 
to service loads shall be less than the tabulated values. When the loading combination includes 
wind or seismic loads in addition to dead and live loads, the total of the combined load effects, at 
service loads, may be multiplied by 0. 75 in accordance with ANSI 58.1. 

When specified by the designer, the nominal slip resistance for connections having special faying 
surface conditions may be increased to the applicable values in RCSC Load and the Resistance Fac­
tor Design Specification. 

When a bolt in a slip-critical connection is subjected to a service tensile force T, the nominal resis­
tance in Table 13.4 shall be multiplied by the reduction factor (1 - T/Tb) where This the minimum 
pretension load from Table 13.1. 

6. Bearing Strength at Bolt Holes. When Lis not less than J1/ 2d and the distance center to center 
of bolts is not less than 3d, the design bearing strength on two or more bolts in tt e line of force is <J>Rn, 
where <j> = 0.75. 

Type of Bolt 

A325 
A490 

TABLE J3.4 
Nominal Slip-critical Shear Strength, ksi, 

of High-strength Boltsa 

Nominal Shear Strength 

x 6.89 for N/mm2 

Oversized and 
Standard Size Holes Short-slotted Holes 

17 15 
21 18 

Long-slotted Holesb 

12 
15 

8 Ciass A (slip coefficient 0.33). Clean mill scale and blast cleaned surfaces with Class A coa1ings. For desij,n 
strengths with other coatings see RCSC "Load and Resistance Factor Design Specification for Structural oints 
Usin~ ASTM A325 or A490 Bolts.• 

bTabu ated values are for the case of load application transverse to the slot. When the load i~ parallel to the slot, 
multiply tabulated values by 0.85. 

In standard or short-slotted holes, 

Rn = 2.4 dtFu 

In long-slotted holes perpendicular to the load, 

Rn = 2.0dtFu 

(13-la) 

(13-lb) 

For the bolt closest to the edge, in all connections not covered by Formulas 13- 1 a and 13-1 b, the 
design bearing of a single bolt, or two or more bolts in line of force, each with an end distance less 
than 11/zd, shall be determined by <J>Rn, where <j> = 0.75. 
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Rn = LtFu (13-lc) 

If deformation around the bolt hole is not a design consideration and adequate sracing and edge 
distance as required by Sections J3.9 and J3.10 is provided, the following formula may be used in 
lieu of Formulas 13-la and J3-lb, where <1> = 0.75. 

Rn = 3.0 dtFu (13-1 d) 

WHERE: 
d nominal dia. of bolt, in. (mm) 

Fu = specified tensile strength of connected part, ksi (N/mm2) 

L distance in line of force from the center of a standard or oversized hole or from the center 
of the end of a slotted hole to an edge of a connected part, in. (mm) 

= thickness of connected part, in. (mm) 

7. Size and Use of Holes. 
a. The maximum sizes of holes for rivets and bolts are given in Table 13.5, except that larger 

holes, required for tolerance on location of anchor bolts in concrete foundations, may be used in 
column base details. 

Bolt 
Diameter 

1/2 
51 a 
314 
7/a 
1 

2: 11/a 

Standard 

TABLE J3.5 
Nominal Hole Dimensions 

Hole Dimensions 

Oversize (Diameter) Shot·slot 
(Diameter) (Width x length) 

( x 25.4 for mm) 

9/16 5fs 9/16 X 11 /16 
11f16 13/16 11f16 X 7/a 
13/16 15/16 13f16 X 1 
15/16 11/16 15/16 X 11/a 
11/16 11/4 11/16 X 15/16 

d+ 1/16 d+ 5/16 (d+ 1/15) x (d+ 3fsl 

Long-slot 
(Width x length) 

9116 X 11/4 
11116 X 15/16 
13116 X 17/a 
15116 X 23/16 
11116 X 21/2 

(d+ "/16) x (2.5 X d) 

b. Standard holes shall be provided in member-to-member connections, unless oversized, 
short-slotted or long-slotted holes in bolted connections are approved by the designer. Finger shims 
up to 1/4 inch (6 mm) may be introduced into slip-critical connections designed on the basis of 
standard holes without reducing the nominal shear strength of the fastener to tt:at specified for 
slotted holes. 

c. Oversized holes may be used in any or all plies of slip-critical connections, but they shall not 
be used in bearing-type connections. Hardened washers shall be installed over oversized holes in an 
outer ply. 

d. Short-slotted holes may be used in any or all plies of slip-critical or bearing- t:rpe connections. 
The slots may be used without regard to direction of loading in slip-critical connections, but the 
length shall be normal to the direction of the load in bearing-type connections. Washers shall be 
installed over short-slotted holes in an outer ply; when high-strength bolts are used, such washers 
shall be hardened. 

e. Long-slotted holes may be used in only one of the connected parts of either a slip-critical or 
bearing-type connection at an individual faying surface. Long- slotted holes may be used without 
regard to direction of loading in slip-critical connections, but shall be normal to the direction of load 
in bearing-type connections. Where long-slotted holes are used in an outer ply, plate washers or a 
continuous bar with standard holes, having a size sufficient to completely cover the slot after instal-
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lation, shall be provided. In high-strength bolted connections, such plate washers or continuous 
bars shall not be less than 5/16-inch (7.9 mm) thick and shall be of structural grade material, but need 
not be hardened. If hardened washers are required for use of high-strength bolts, the hardened wash­
ers shall be placed over the outer surface of the plate washer or bar. 

f. When A490 bolts over 1 inch (25 mm) in diameter are used in slotted or oversized holes in 
external plies, a single hardened washer conforming to F436, except with 51t6·inch (7.9 mm) mini­
mum thickness, shall be used in lieu of the standard washer. 

8. Long Grips. A307 bolts providing design strength, and for which the grip exceeds five 
diameters, shall have their number increased 1 percent for each additional 1/16 inch (1.6 mm) in the 
grip. 

TABLE J3.6 
Values of Spacing Increment C1, in. 

Slotted Holes 

Perpendicular to Parallel to Line of Force 
Nominal Diameter of Line of Force 

Fastener Oversized Holes Short-slots Long-slots3 

x 25.4for mm 

s 7/a 1fa 0 3/16 11/2d· 1/16 
3/16 1 0 1/4 

2 11/a 1/4 0 5/1s 
17/11 

11/2d· /16 

3 When length of slot is less than maximum allowed in Table J3.5, C1 may be reduced by the difference between the 
maximum and actual slot lengths. 

9. Minimum Spacing. The distance between centers of standard, oversiztd or slotted fastener 
holes shall not be less than three times the nominal diameter of the fastener, or .ess than that required 
by the following paragraph, if applicable. 

Along a line of transmitted forces, the distance between centers of holes shall not be less than 3d 
when Rn is determined by 13-1 a and 13-1 b. Otherwise the distance between ·:enters of holes shall 
not be less than the following: 

a. For standard holes: 

WHERE: 
dh = diameter of standard size hole, in. (mm) 

Fu = specified minimum tensile strength of the critical connected part, ksi (N/mm2) 

P = force transmitted by one fastener to the critical connected part, kip (N) 

thickness of the critical connected part, in. (mm) 

cp 0.75 

(13-2) 

b. For oversized and slotted holes, the distance required for standard holes in Subparagraph a, 
above, plus the applicable increment Ct from Table 13.6, but the clear distance between holes shall 
not be less than one bolt diameter. 

10. Minimum Edge Distance. The distance from the center of a standard hole to an edge of a con­
nected part shall not be less than the applicable value from Table 13.7 or the value from Formula 
13-3, as applicable. 

Along a line of transmitted force, in the direction of the force, the distance from the center of a 
standard hole to the edge of the connected part shall not be less than 11/2d when Rn is determined by 
Formulas 13-1 a or 13-1 b. Otherwise the edge distance shall not be less than 
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_E_ 
cpF.t 

where$, P, Fu, tare defined in Section J3.9. 

TABLE J3.7 
Minimum Edge Distance, in. 

(J3-3) 

(Center of Standard Holea to Edge of Connected Part) 

Nominal Rivet or Bolt Diameter (in.) At Sheared Edges At Rolled Edges ol Plates, Shapes 
or Bars of Gas Cut Edgesb 

x 25.4formm 

1/2 7/a 3/4 
5fa 11/a 7fe 
314 11/4 1 
7/a 11f2C 11/l 
1 13f4C 11/ ~ 

11/a 2 11/, 
11/4 21/4 1% 

Over 11/4 13/4 x Diameter 1114 x D1ameter 

8 For oversized or slotted holes, see Table J3.8. 
bAll edge distances in this column may be reduced 1t8-in. (3 mm) when the hole is at a point where stress does not 

exceed 25% of the maximum design strength in the element. 
"These may be 11/4 in. (32 mm) at the ends of beam connection angles. 

The distance from the center of an oversized or slotted hole to an edge of a connected part shall 
not be less than that required for a standard hole plus the applicable increment, C2, !'rom Table 13.8. 

11. Maximum Edge Distance and Spacing. The maximum distance from the center of any rivet 
or bolt to the nearest edge of parts in contact shall be 12 times the thickness of tht:: connected part 
under consideration, but shall not exceed 6 inches (152 mm). Bolted joints in unpainted steel ex­
posed to atmospheric corrosion require special limitations on pitch and edge distance. See Section 
E4. 

J4. DESIGN SHEAR RUPTURE STRENGTH 

The design strength for the limit state of rupture along a shear failure path in mai 1 members shall 
be taken as $FnAns· 

WHERE: 

Ans net area subject to shear. 

Fn 0.6 Fu (14-1) 

<I> = 0.75 

JS. CONNECTING ELEMENTS 

This section applies to the design of connecting elements, such as stiffeners, gm sets, angles and 
brackets and the panel zones of beam-to-column connections. 

1. Eccentric Connections. Intersecting axially stressed members shall have their gravity axes in­
tersect at one point, if practical; if not, provision shall be made for bending and shearing stresses due 
to the eccentricity. 
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TABLE J3.8 
Values of Edge Distance Increment C2 , in. 

Slotted Holes 

Nominal Diameter of 
Perpendicular to Edge 

Fastener (in.) Oversized Holes Short Slots Long Slotsa 

x 25.4formm 

:s 7/a 1/1s 1/a 

1 1/a 1/a 314d 

:s 11/a 1fa 3/1s 
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Parallel to Edge 

0 

awhen len~th of slot is less than maximum allowable (see Table J3.5), G.! may be reduced by one-half the difference 
between t e maximum and actual slot lengths. 

2. Design Strength of Connecting Elements. The design strength <!JRn of welded, bolted and riv­
eted connecting elements statically loaded in tension (e.g., splice and gusset plates) shall be the 
lower value obtained according to the limit states of yielding, fracture of th{ connecting element 
and block shear rupture. 

a. For yielding of the connecting element: 
<I> = 0.90 
Rn = AgFy (15-1) 

b. For fracture of the connecting element where An :5 0.85 Ag: 
<I> = 0.75 (15-2) 
Rn = AnFu 

c. For block shear rupture: Block shear is a failure mode in which the resistance is determined by 
the sum of the shear strength on a failure path(s) and the tensile strength on a perpendicular 
segment. When ultimate strength on the net section is used to determine the resistance on one 
segment, yielding on the gross section shall be used on the perpendicular segment: <1> = 0.75. 
Design strength shall be the larger of the two failure modes. 

At beam end connections where the top flange is coped, and in similar situations, failure can oc­
cur by shear along a plane through the fasteners, acting in combination with te11sion along a perpen­
dicular plane. In such cases, the ultimate strength on the net section (shear or ·:ension) shall be used 
to determine the resistance of one segment and yielding on the gross section (~:hear or tension) shall 
be used for the perpendicular segment, with <1> = 0.75 for both. By alternating the choice of which 
segment resistance is based on ultimate strength, two possible values of design strength are ob­
tained. The larger value shall be taken as the design strength. 

For all other connecting elements, the design strength <!JRn shall be determined for the applicable 
limit state to insure that the design strength is equal to or greater than the requi1ed strength, where Rn 
is the nominal strength appropriate to the geometry and type of loading on the connecting element. 
The shear limit state is governed by: 

<I> = 0.80 
(J5-3) 

J6. FILLERS 

In welded construction, any filler 1/4 inch (6.4 mm) or more in thickness shall extend beyond the 
edges of the splice plate and shall be welded to the part on which it is fitted with sufficient weld to 
transmit the splice plate load, applied at the surface of the filler. The welds joining the splice plate to 
the filler shall be sufficient to transmit the splice plate load and shall be long enough to avoid over-
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loading the filler along the toe of the weld. Any filler less than 1/4-inch (6.4 mm) thick shall have its 
edges made flush with the edges of the splice plate and the weld size shall be the sum of the size 
necessary to carry the splice plus the thickness of the filler plate. 

When bolts or rivets carrying loads pass through fillers thicker than 1/4 inch, except in connec­
tions designed as slip-critical connections, the fillers shall be extended beyond the splice material 
and the filler extension shall be secured by enough bolts or rivets to distribute the total stress in the 
member uniformly over the combined section of the member and the filler, or an equivalent number 
of fasteners shall be included in the connection. 

J7. SPLICES 
Groove-welded splices in plate girders and beams shall develop the full strength of the smaller 

spliced section. Other types of splices in cross sections of plate girders and beams shall develop the 
strength required by the forces at the point of splice. 

J8. BEARING STRENGTH 
The strength of surfaces in bearing is <I>Rn. where<!>= 0.75 and Rn is defined below for various 

types of bearing. 

1. Milled or Finished Surfaces. For milled surfaces, pins in reamed, drilled or bored holes, and 
ends of fitted bearing stiffeners, 

WHERE: 
Apb = projected bearing area, in. 2 (mm2) 

Fy = specified minimum yield stress, ksi (N/mm2) 
2. Expansion Rollers and Rockers. For expansion rollers and rockers, 

Rn = 1.5 (F_v- 13) ld/20 
For SI: Rn = 1.5 (Fy - 90) ld/20 

WHERE: 
d = diameter, in. (mm) 
I = length of bearing, in. (mm) 

J9. COLUMN BASES AND BEARING ON CONCRETE 

(18-1) 

(J8-2) 

Proper provision shall be made to transfer the column loads and moments to the footings and 
foundations. 

In the absence of code regulations, design bearing loads on concrete may be taken as ¢x:Pp: 
On the full area of a concrete support . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pp = 0.85f'cA 1 

On less than the full area of a concrete support ................... Pp = 0.85f'cA 1 j A2/ A 1 

WHERE: 
A 1 = area of steel concentrically bearing on a concrete support, in. (mm2) 
A2 = maximum area of the portion of the supporting surface that is geometrically similar to and 

concentric with the loaded area, in. 2 (mm2) 
¢x: = 0.60 

jA2/A 1 ~ 2 

J10. ANCHOR BOLTS AND EMBEDMENTS 
1. Anchor Bolts. Anchor bolts shall be designed to provide resistance to all design conditions on 
completed structures of tension and shear at the bases of columns, including the net tensile compo­
nents of any bending moment which may result from column base restraint. 
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2. Embedments. The concrete structure shall be designed to safely support the loads from the 
embedment with an appropriate factor of safety to ensure that the embedmer1t strength is notre­
duced as a result of local or gross failure of the supporting concrete structuw. 

The strength and design of the structural steel elements of the embedment shall be in accordance 
with this specification. Bolts, studs and bars functioning as embedment anchors resisting tensile 
loads shall be designed to transfer the design load to the concrete by means of bond, shear, bearing 
or a combination thereof. 

Shear loads shall be considered to be transmitted by the embedment to the concrete by either 
shear lugs or shear friction. 

The friction force V. kips (N), to resist shear shall be computed as follows: 

V = JlP (110-1) 

WHERE: 
P = normal force, kips (N) 
11 = coefficient of friction 

The coefficient of friction, 11 ,shall be 0.90 for concrete placed against as- rolled steel with contact 
plane a full plate thickness below the concrete surface; 0.70 for concrete or grout placed against 
as-rolled steel with contact plane coincidental with the concrete surface; 0.55 for grouted condi­
tions with the contact plane between grout and as-rolled steel above the con~rete surface. 

3. Prestressed Embedments. Anchorage to concrete structures by means of post-tensioned 
high-strength steel members is permissible. The material and the design requirements of the 
high-strength steel members and associated anchorage, as well as the fabrication and installation 
procedures, shall conform to the appropriate provisions of applicable codes. 

CHAPTER K 

STRENGTH DESIGN CONSIDERATIONS 

This chapter covers additional member strength design considerations relat~d to introduction of 
concentrated forces, ponding, torsion and fatigue. 

K1. WEBS AND FLANGES WITH CONCENTRATED FORCES 

1. Design Basis. Members with concentrated loads applied normal to one flange and symmetric to 
the web shall have a flange and web design strength sufficient to satisfy the local flange bending, 
web yielding strength, web crippling and side-sway web buckling criteria of Sections Kl.2, K1.3, 
K1.4 and Kl.5. Members with concentrated loads applied to both flanges shall have a web design 
strength sufficient to satisfy the web yielding, web crippling and column web buckling criteria of 
Sections Kl.3, Kl.4 and Kl.6. 

Where pairs of stiffeners are provided on opposite sides of the web, at concentrated loads, and 
extend at least half the depth of the member, Sections Kl.2 and Kl.3 need not be checked. 

For column webs subject to high shears, see Section Kl.7; for bearing stiffeners, see Section 
Kl.8. 

2. Local Flange Bending. The flange design strength in bending due to a ten:;ile load shall be <I>Rn, 
kips (N). 

WHERE: 
Fyf specified minimum yield stress of flange, ksi (N/mm2) 

Rn = 6.25t2tFyf (Kl-1) 
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fJ = thickness of the loaded flange, in. (mm) 

$ = 0.90 
If the length of loading measured across the member flange is less than 0.15b, where b is the 

member flange width, Formula (Kl-1) need not be checked. 

3. Local Web Yielding. The design strength of the web at the toe of the fillet under concentrated 
loads shall be $Rn, kips (N), where$= 1.0 and Rn is determined as follows: 

a. When the force to be resisted is a concentrated load producing tension or compression, applied 
at a distance from the member end that is greater than the depth of the member, 

Rn = (5k + N) Fywtw (Kl-2) 

b. When the force to be resisted is a concentrated load applied at or near the end of the member, 

Rn = (2.5k + N) Fywtw (Kl-3) 

WHERE: 
Fvw specified minimum yield stress of the web, ksi (N/mm2) 

k = distance from outer face of flange to web toe of fillet, in. (mm) 
N length of bearing, in. (mm) 
tw web thickness, in. (mm) 

4. Web Crippling. For unstiffened portions of webs of members under concentrated loads, the de­
sign compressive strength shall be $Rn, kips, where$= 0.75 and the nominal stren;~th, Rn, is deter­
mined as follows: 

a. When the concentrated load is applied at a distance not less than d/2 from the •!nd of the mem­
ber: 

For SI: 

R. ~ 135t0 [I + 3 (~)(~)''] jF,,tJt, 

R. ~ 080F. [I + 3 (~)(~)"] jEF,.(tjt,) 

(Kl-4) 

b. When the concentrated load is applied less than a distance d/2 from the end of the member: 

R. ~ 68F. [I + 3 (~)(;;)"] jF,,tJt. 

For SI: R, ~ 040+ + 3 (~)(;;)''] jEF~(tjt,) 
WHERE: 

d = overall depth of the member, in. (mm) 
fJ = flange thickness, in. (mm) 

(K1-5) 

If stiffeners are provided and extend at least one-half the web depth, Formulas (K 1-4) and (K 1-5) 
need not be checked. 

5. Sidesway Web Buckling. For webs of members with flanges not restrained against relative 
movement by stiffeners or lateral bracing and subject to concentrated compressive loads, the design 
compressive strength shall be $Rn, kips (N), where$= 0.85 and the nominal strength, Rn, shall be 
determined as follows: 

a. If the loaded flange is restrained against rotation and (dcltw)l(plbj) is less than 2.3: 
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(K1-6) 

b. If the loaded flange is not restrained against rotation and (d,;ltw )l(plbt) ·.s less than 1. 7: 

R = 12,000t~ [ 04 (dc/tw)

3

] (K1_7) 
n h . l/br 

For SI: 0.40Et~ [o 4 (dc/tw)

3

] 
h · ljb1 

WHERE: 
bt flange width, in. (mm) 
de d- 2k = web depth clear of fillets, in. (mm) 

largest laterally unbraced length along either flange at the point of load, in. (mm) 
tw web thickness, in. (mm) 
Formulas (K1-6) and (K1-7) need not be checked providing (d,;ltw )l(plbt) exceeds 2.3 or 1. 7, re­

spectively, or for webs subject to distributed load. 

If a concentrated load is located at a point where the web flexural stress due to factored load is 
below yielding, 24,000 (0.8E) may be used in lieu of 12,000 (0.40E) in Formulas (Kl-6) and 
(Kl-7). 

6. Compression Buckling of the Web. For unstiffened portions of webs of mf:mbers under concen­
trated loads to both flanges, the design compressive strength shall be <J>Rn, kips (N), where 

tP = 0.90 

Rn 
4, 1 OOt~ jF;. 

(K1-8) 
de 

For SI: Rn = 
24t~jEFvw 

de 

Rn may be exceeded provided that a transverse stiffener or pair of stiffeners is attached to the web 
to satisfy Section F3. 

7. Compression Members with Web Panels Subject to High Shear. For compression members 
subject to high shear stress in the web, the design web shear strength shall be q1Rv, kips (N), where <1> 

= 0.90 and Rv shall be determined as follows: 

a. For Pu ~ 0.75 Pn: 

Rv = 0. 7 Fydctw 

b. For Pu > 0.75 Pn: 

Rv = 0.7 Fyd,;tw [1.9- 1.2 (Pu!Pn)] 

(K1-9) 

(K1-10) 
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WHERE: 
Pn = nominal axial strength, kips (N) 

Pu = required axial strength, kips (N) 

1994 UNIFORM BUILDING CODE 

8. Stiffener Requirements for Concentrated Loads. When required, stiffeners shall be placed in 
pairs at unframed ends of beams and girders. They shall be placed in pairs at points of concentrated 
load on the interior of beams, girders or columns if the load exceeds the nominal strength, <I>Rn, as 
determined from Sections Kl.2 through Kl.6, as applicable. 

If the concentrated load, tension or compression exceeds the criteria for <I>Rn of Section K1.2 or 
K 1.3, respectively, stiffeners need not extend more than one half the depth of the web, except as 
follows: 

If concentrated compressive loads are applied to the members and if the load e)ceeds the com­
pressive strength of the web <I>Rn given in Section K1.4 or K1 .6, the stiffeners shall be designed as 
axially compressed members (columns) in accordance with requirements of Section E2 with an ef­
fective length equal to 0. 75h, a cross section composed of two stiffeners and a strip of the web hav­
ing a width of 25tw, at interior stiffeners and 12tw at the ends of members. 

When the load normal to the flange is tensile, the stiffeners shall be welded to tb~ loaded flange. 
When the load normal to the flange is compressive, the stiffeners shall either bear on or be welded to 
the loaded flange. 

K2. PONDING 

The roof system shall be investigated by structural analysis to assure adequate strength and sta­
bility under ponding conditions, unless the roof surface is provided with sufficient slope toward 
points of free drainage or adequate individual drains to prevent the accumulation of rainwater. 

The roof system shall be considered stable and no further investigation is needed if: 

Cp + 0. 9Cs $ 0.25 (K2-1) 

and Id;;::: 25 (s4) w-6 [For SI: ld;;::: 12.1 (s4) w- 10] (H2-2) 

WHERE: 

32L.L; yL.L; 
1074 ForSI: ~4£4 

32SL: ySL: 
107~ ForSI: ~4£~ 

moment of inertia of the steel deck supported on secondary members, in.4 per ft. (mm4 per 
mm) 

lp moment of inertia of primary members, in.4 (mm4) 

Is moment of inertia of secondary members, in.4 (mm4) 

Lp column spacing in direction of girder (length of primary members), ft. (mm) 

4 = column spacing perpendicular to direction of girder (length of secondary members), ft. 
(mm) 

S = spacing of secondary members, ft. (mm) 

y the unit mass of water in kg/mm3 times the acceleration of gravity in mm's2, 9.81 x I0-6 
N/mm2. 

For trusses and steel joists, the moment of inertia, Is. shall be decreased 15 percent when used in 
the above equation. A steel deck shall be considered a secondary member when i;: is directly sup­
ported by the primary members. 

See Appendix K2 for an alternate determination of flat roof framing stiffness. 
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For limiting values of normal and shear stress, due to torsion and other loading, see Section H2. 
Some constrained local yielding may be permitted. 

K4. FATIGUE 

Few members or connections in conventional buildings need to be design~d for fatigue, since 
most load changes in such structures occur only a small number of times or produce only minor 
stress fluctuations. The occurrence of full design wind or earthquake loads is too infrequent to war­
rant consideration in fatigue design. However, crane runways and supporting structures for machin­
ery and equipment are often subject to fatigue loading conditions. 

Members and their connections subject to fatigue loading shall be propo11.ioned in accordance 
with the provisions of Appendix K4 for service loads. 

CHAPTER L 

SERVICEABILITY DESIGN CONSIDERATIONS 

This chapter is intended to provide design guidance for serviceability considerations not covered 
elsewhere. Serviceability is a state in which the function of a building, its appearance, maintainabil­
ity, durability and comfort of its occupants are preserved under normal usage. 

The general design requirement for serviceability is given in Section A5.4. Limiting values of 
structural behavior to ensure serviceability (e.g., maximum deflections, accekrations, etc.) shall be 
chosen with due regard to the intended function of the structure. 

Where necessary, serviceability shall be checked using realistic loads for the appropriate service­
ability limit state. 

L1. CAMBER 
If any special camber requirements are necessary to bring a loaded member into proper relation 

with the work of other trades, as for the attachment of runs of sash, the requirements shall be set 
forth in the design documents. 

Beams and trusses detailed without specified camber shall be fabricated so that after erection any 
camber due to rolling or shop assembly shall be upward. If camber involves the erection of any 
member under a preload, this shall be noted in the design documents. 

L2. EXPANSION AND CONTRACTION 

Adequate provision shall be made for expansion and contraction appropriate to the service condi­
tions of the structure. 

L3. DEFLECTIONS, VIBRATION AND DRIFT 

1. Deflections. Deformations in structural members and structural systems due to service loads 
shall not impair the serviceability of the structure. 

2. Vibration. Vibration shall be considered in designing beams and girders supporting large areas 
free of partitions or other sources of damping, where vibration due to pede;;trian traffic or other 
sources within the building might not be acceptable. 

3. Drift. Lateral deflection or drift of structures due to code-specified wind or seismic loads shall 
not cause collision with adjacent structures or exceed the limiting values of such drifts which may 
be specified or appropriate. 
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L4. CONNECTION SLIP 

For the design of slip-resistant connections, see Section 13.5. 

L5. CORROSION 

1994 UNIFORM BUILDING CODE 

When appropriate, structural components shall be designed to tolerate corrosion or shall be pro­
tected against corrosion that may impair the strength or serviceability of the structure. 

CHAPTER M 

FABRICATION, ERECTION AND QUALITY CONTROL 

M1. SHOP DRAWINGS 

Shop drawings giving complete information necessary for the fabrication of the component parts 
of the structure, including the location, type and size of all welds, bolts and rivets, shall be prepared 
in advance of the actual fabrication. These drawings shall clearly distinguish be:ween shop and 
field welds and bolts and shall clearly identify slip-critical, high-strength bolted connections. 

Shop drawings shall be made in conformity with the best practice and with due regard to speed 
and economy in fabrication and erection. 

M2. FABRICATION 

1. Cambering, Curving and Straightening. Local application of heat or mechanical means may 
be used to introduce or correct camber, curvature and straightness. The temperature of heated areas, 
as measured by approved methods, shall not exceed I ,100°F. (593 °C.) for A514 (A514M) steel nor 
l,200°F. (649°C.) for other steels. 

2. Thermal Cutting. Thermal cutting shall preferably be done by machine. Thermally cut edges 
which will be subjected to substantial stress, or which are to have weld metal deposited on them, 
shall be reasonably free from notches or gouges; notches or gouges not more than 3/ 16 inch (4.8 mm) 
deep will be permitted. Notches or gouges greater than 3f16 inch (4.8 mm) deep that remain from 
cutting shall be removed by grinding or repaired by welding. All reentrant comers shall be shaped to 
provide a smooth transition. If a specific contour is required, it must be shown in the design docu­
ments. 

M2.2 THERMAL CUTTING 

Thermally cut free edges which will be subject to substantial tensile stress shall be free of gouges 
greater than 3/16 inch (4.8 mm) deep and sharp notches; gouges greater than 3/16 inch (4.8 mm) deep 
and sharp notches shall be removed by grinding or repaired by welding. Thermally cut edges which 
are to have weld deposited upon them shall be reasonably free of notches or gou:~es. 

All reentrant comers shall be shaped to a smooth transition. If specific contour is required it must 
be shown on the contract documents. 

Beam copes and weld access holes shall meet the geometrical requirements of Section Jl.ll. For 
beam copes and weld access holes in ASTM A6 Groups 4 and 5 shapes and welding built- up shapes 
with material thickness greater than 2 inches (51 mm), a preheat temperature of not less than 150°F. 
(65.6°C.) shall be applied prior to thermal cutting. 

3. Planing of Edges. Planing or finishing of sheared or thermally cut edges of plat,~s or shapes will 
not be required unless specifically called for in the design documents or included in a stipulated 
edge preparation for welding. 
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4. Welding Construction. The technique of welding, the workmanship, appearance and quality of 
welds and the methods used in correcting nonconforming work shall be in accordance with Section 
3, Workmanship, and Section 4, Technique, of the A WS Structural Welding Code-Steel, D 1.1. 

5. Bolted Construction. All parts of bolted members shall be pinned or bolted and rigidly held to­
gether while assembling. Use of a drift pin in bolt holes during assembling shall not distort the metal 
or enlarge the holes. Poor matching of holes shall be cause for rejection. 

If the thickness of the material is not greater than the nominal diameter of the bolt plus I 18 inch 
(3.2 mm), the holes may be punched. If the thickness of the material is greEter than the nominal 
diameter of the bolt plus 1/s inch (3.2 mm), the holes shall be either drilled or subpunched and 
reamed. The die for all subpunched holes, and the drill for all subdrilled holes, shall be at least 1/16 
inch (1.6 mm) smaller than the nominal diameter of the bolt. Holes in A514 steel plates over 1/z inch 
(13 mm) thick shall be drilled. 

Fully inserted finger shims, with a total thickness of not more than 114 inch (6.4 mm) within a 
joint, may be used in joints without changing the design load (based upon hoi~ type) for the design 
of connections. The orientation of such shims is independent of the direction of application of the 
load. 

The use of high-strength bolts shall conform to the requirements of the RCSC Load and Resis­
tance Factor Design Specification for Structural Joints Using ASTM A325 or A490 Bolts. 

6. Compression Joints. Compression joints which depend on contact bearing as part of the splice 
capacity shall have the bearing surfaces of individual fabricated pieces prepared by milling, sawing 
or other suitable means. 

7. Dimensional Tolerances. Dimensional tolerances shall be as permitted in the Code of Standard 
Practice of the American Institute of Steel Construction, Inc., 1986 edition. 

8. Finishing of Column Bases. Column bases and base plates shall be finished in accordance with 
the following requirements: 

a. Steel bearing plates 2 inches (51 mm) or less in thickness may be used without milling, pro­
vided a satisfactory contact bearing is obtained. Steel bearing plates over 2 inches (51 mm) but 
not over 4 inches (I 02 mm) in thickness may be straightened by pressing or, if presses are not 
available, by milling for all bearing surfaces (except as noted in subparagraphs b and c of this 
section), to obtain a satisfactory contact bearing. Steel bearing plates over 4 inches (102 mm) 
in thickness shall be milled for all bearing surfaces (except as noted in subparagraphs b and c 
of this section). 

b. Bottom surfaces of bearing plates and column bases which are grouted to ensure full bearing 
contact on foundations need not be milled. 

c. Top surfaces of bearing plates need not be milled when full-penetration welds are provided 
between the column and the bearing plate. 

M3. SHOP PAINTING 

1. General Requirements. Shop painting and surface preparation shall be in accordance with the 
provisions of the Code of Standard Practice of the American Institute of Steel Construction, Inc., 
1986 edition. 

Unless otherwise specified, steelwork which will be concealed by interior building finish or will 
be in contact with concrete need not be painted. Unless specifically excluded, all other steelwork 
shall be given one coat of shop paint. 

2. Inaccessible Surfaces. Except for contact surfaces, surfaces inaccessibk after shop assembly 
shall be cleaned and painted prior to assembly, if required by the design documents. 
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3. Contact Surfaces. Paint is permitted unconditionally in bearing-type connections. For slip-criti­
cal connections where the design is based on special faying surface conditions in accordance with 
Section 13.5, shop contact surfaces shall be cleaned prior to assembly in accordanct: with the provi­
sions of the Code of Standard Practice of the American Institute of Steel Construction, Inc., 1986 
edition, but shall not be painted. Field contact surfaces and surfaces meeting the :equirements of 
Section 13.5 shall be shop cleaned in accordance with the design documents, except as provided by 
Section M3.5. 

4. Finished Surfaces. Machine-finished surfaces shall be protected against corros:.on by a rust-in­
hibiting coating that can be removed prior to erection, or which has characteristics that make re­
moval prior to erection unnecessary. 

5. Surfaces Adjacent to Field Welds. Unless otherwise specified in the design documents, sur­
faces within 2 inches (51 mm) of any field weld location shall be free of materials that would pre­
vent proper welding or produce toxic fumes during welding. 

M4. ERECTION 
1. Alignment of Column Bases. Column bases shall be set level and to correct e!t:vation with full 
bearing on concrete or masonry. 

2. Bracing. The frame of steel skeleton buildings shall be carried up true and plumb within the lim­
its defined in the Code of Standard Practice of the American Institute of Steel Construction, Inc., 
1986 edition. Temporary bracing shall be provided, in accordance with the reqt,irements of the 
Code of Standard Practice, wherever necessary to take care of all loads to which the structure may 
be subjected, including equipment and the operation of same. Such bracing shall b! left in place as 
long as may be required for safety. 
3. Alignment. No permanent bolting or welding shall be performed until as much of the structure as 
will be stiffened thereby has been properly aligned. 

4. Fit of Column Compression Joints. Lack of contact bearing not exceeding a gap of 1/16 inch 
(1.6 mm), regardless of the type of splice used (partial-penetration groove welded or bolted), shall 
be acceptable. If the gap exceeds 1/16 inch (1.6 mm), and if an engineering investigation shows that 
sufficient contact area does not exist, the gap shall be packed out with nontapered steel shims. 
Shims need not be other than mild steel, regardless of the grade of the main material. 

5. Field Welding. Any shop paint on surfaces adjacent to joints to be field welded shall be wire 
brushed to reduce the paint film to a minimum. 

Field welding of attachments to installed embedments in contact with concrete shall be done in 
such a manner as to avoid excessive thermal expansion of the embedment which could result in 
spalling or cracking of the concrete or excessive stress in the embedment anchors. 

6. Field Painting. Responsibility for touch-up painting, cleaning and field painti11g shall be allo­
cated in accordance with accepted local practices, and this allocation shall be set forth explicitly in 
the design documents. 

7. Field Connections. As erection progresses, the work shall be securely bolted or welded to take 
care of all dead load, wind and erection stresses. 

MS. QUALITY CONTROL 
The fabricator shall provide quality control procedures to the extent that he deems necessary to 

assure that all work is performed in accordance with this Specification. In addition to the fabrica­
tor's quality control procedures, material and workmanship at all times may be subject to inspection 
by qualified inspectors representing the purchaser. If such inspection by representatives of the pur­
chaser will be required, it shall be so stated in the design documents. 

1. Cooperation. As far as possible, all inspection by representatives of the purchaser shall be made 
at the fabricator's plant. The fabricator shall cooperate with the inspector, permitting access for in-
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spection to all places where work is being done. The purchaser's inspector shall schedule his work 
for minimum interruption to the work of the fabricator. 

2. Rejections. Material or workmanship not in reasonable conformance with the provisions of this 
Specification may be rejected at any time during the progress of the work. The fabricator shall re­
ceive copies of all reports furnished to the purchaser by the inspection agency. 

3. Inspection of Welding. The inspection of welding shall be performed in ~ccordance with Sec­
tion 6 of the A WS Structural Welding Code-Steel, D 1.1. 

When visual inspection is required to be performed by AWS certified weldi1g inspectors, it shall 
be so specified in the design documents. 

When nondestructive testing is required, the process, extent and standards cf acceptance shall be 
clearly defined in the design documents. 

4. Inspection of Slip-critical, High-strength Bolted Connections. The inspection of slip-critical, 
high-strength bolted connections shall be in accordance with the provisions or the RCSC Load and 
Resistance Factor Design Specification for Structural Joints Using ASTM A325 or A490 Bolts. 

5. Identification of Steel. The fabricator shall be able to demonstrate by a wrilten procedure and by 
actual practice, a method of material application and identification visible at least through the 
"fit-up" operation of the main structural elements of a shipping piece. 

The identification method shall be capable of verifying proper material application as it relates 
to: 

I. Material specification designation. 

2. Heat number, if required. 

3. Material test reports for special requirements. 

APPENDIX B 

DESIGN REQUIREMENTS 

85. LOCAL BUCKLING 
3. Slender Compression Elements. Axially loaded members containing elements subject to com­
pression which have a width-thickness ratio in excess of the applicable A,., as stipulated in Section 
B5.1, shall be proportioned according to this Appendix. Flexural members with slender compres­
sion elements shall be designed in accordance with Appendix Fl.7. Rolled flexural members with 
proportions not covered by Appendix Fl.7 shall be designed in accordance with this Appendix. 

a. Unstiffened Compression Elements. The design strength of unstiffened compression elements 
whose width-thickness ratio exceeds the applicable limit A,., as stipulated in Section B5.1, shall be 
subject to a reduction factor Q.r. The value of Qr shall be determined by Formt:las (A-BS-1) through 
(A-BS-6), as applicable. When such elements comprise the compression flange of a flexural mem­
ber, the maximum required bending stress shall not exceed cl>bFyQr. where 4'b = 0.90. The design 
strength of axially loaded compression members shall be modified by the appropriate reduction 
factor, Q.r, as provided in paragraph c. 
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For single angles: 

When 76.0/ [F; < b/t < 155/ [F;: 
Q. = 1.340 - 0.00447 (b/t) [F; (A-B5-1) 

For Sl: When 0.45 jE/Fy < b/t < 0.91 jE/Fy: 

Q, = 1.340- 0.16(bjt)jFy/E 

When b/t ~ 155/ [F;: 
(A-B5-2) 

For SI: When b/t ~ 0.91 [F;: 
Q, = 0.53Ej[Fy(bjt)2

] 

For angles or plates projecting from columns or other compression members, and for projecting 
elements of compression flanges of girders: 

When 95.0/ [F; < b/t < 176/ [F;: 
Q .• = 1.415 - 0.00437 (b/t) [F; 

ForSI:When0.56jE/Fy < b/t < I.03jE/Fv: 

Q, = 1.415 - 0.74 (b/t) jFv/E 

When b/t ~ 176/ [F;: 
Q .. = 20,000/[Fv(b/t)2

] 

For SI: When b/t ~ 1.03 jE/Fy: 

Q, = 0.69Ej[Fy(b/t)2
] 

For stems of tees: 

When 127/ [F; < b/t < 176/ [F;: 
Q. = 1.908 - 0.00715 (b/t) [F; 

For SI: When 0.75 jE/Fy < b/t < 1.03 jE/Fv: 

Q, = 1.908- I.22(b/t)jFy/E 

When b/t ~ 176/ j1;: 
Q, = 20,000/[Fy(b/t)2

] 

For SI: When b/t ~ 1.03 jE/fv: 

Q, = 0.69E/[Fy(b/t)2
] 

WHERE: 

(A-B5-3) 

(A-B5-4) 

(A-B5-5) 

(A-B5-6) 

b width of unstiffened compression element as defined in Section B5.1, in. (mm) 

Fy = specified minimum yield stress, ksi (N/mm2) 

t = thickness of unstiffened element, in. (mm) 
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Unstiffened elements of tees whose proportions exceed the limits of Section B5.I shall conform 
to the limits given in Table A-B5.1. 

b. Stiffened Compression Elements. When the width-thickness ratio of ur: iformly compressed 
stiffened elements (except perforated cover plates) exceeds the limit')...,. stipulated in Section B5.1, a 
reduced effective width, be, shall be used in computing the design properties of the section contain­
ing the element. 

TABLE A-85.1 
Limiting Proportions for Tees 

Shape Ratio of Full Flange Width to Profile Ratio of Flanqe Thickness to Web or 
Depth Sturn Thickness 

Built·up tees 2: 0.50 2: 1.25 

Rolled tees 2: 0.50 2: 1.10 

i. For flanges of square and rectangular sections of uniform thickness: 

(A-BS-7) 

For SI: b = I9lt m.[I _ 0·38 m.] :5 b 
e • V J (bjt) V J 

ii. For other uniformly compressed elements: 

b, ~ '// [' - <b~;izu] ~ b (A-BS-8) 

For SI: b = I 9It m[I - 034 m] :5 b 
e • V J (bjt) V J 

WHERE: 
b = actual width of a stiffened compression element, as defined in Sec':ion B5.I, in. (mm) 

be = reduced width, in. (mm) 
f = computed elastic compressive stress in the stiffened elements, based on the design proper­

ties as specified in Section C of this Appendix, ksi (N/mm2). Ifunstiffened elements are 
included in the total cross section, f for the stiffened element must be such that the 
maximum compressive stress in the unstiffened element does not exceed <J>Fcr as defined 
in Appendix B5.3c with Q = Qv and 4>c = 0.85, or <l>bFy~ with <l>b == 0.90, as applicable. 

t = element thickness, in. 
iii. For axially loaded circular sections: 
Members with diameter-to-thickness ratios, Dlt, greater than 3,300/Fy (f.:>r SI: O.IIE!Fy). but 

having a diameter-to-thickness ratio of less than 13,000/Fy (For SI: 0.47£/Fy); 

I, IOO 2 
Q Fy(Djt) + 3 (A-BS-9) 

0.038£ 2 
For SI: Q Fy(Djt) + 3 
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WHERE: 
D = outside diameter, in. (mm) 

t = wall thickness, in. (mm) 
c. Design Properties. Properties of sections shall be determined using the full cross section, except 
as follows: 

In computing the moment of inertia and elastic section modulus of flexural members, the effec­
tive width of uniformly compressed stiffened elements, as determined in Appendix B5.3b, shall be 
used in determining effective cross-sectional properties. 

For unstiffened elements of the cross section, Q, is determined from Appendix B5.3a. For stiff­
ened elements of the cross section: 

Q = effectivearea (A-BS-10) 
a actual area 

where the effective area is equal to the summation of the effective areas of the cross section. 

For axially loaded compression members, the gross cross-sectional area and the radius of gyra­
tion, r, shall be computed on the basis of the actual cross section. However, when A c fQ :5 1.5,the 
critical stress, Fer• shall be determined by 

WHERE: 
Q = Q., Qa 

i. Cross sections composed entirely of unstiffened elements, Q = Q,(Qa = 1.0) 

ii. Cross sections composed entirely of stiffened elements, Q = Qa(Q, = 1.0) 

iii. Cross sections composed of both stiffened and unstiffened elements, Q = Q1.(1 

When Ac fQ > 1.5,the critical stress, Fen shall be determined by 

F = [0.877] F 
cr A.Z, y 

APPENDIX E 

COLUMNS AND OTHER COMPRESSION MEMBERS 

E3. FLEXURAL-TORSIONAL BUCKLING 

(A-BS-11) 

(A-BS-12) 

(A-BS-13) 

This section applies to the strength of singly symmetric and unsymmetric <:olumns for the 
limiting states of flexural-torsional and torsional buckling. 

Torsional buckling of symmetric shapes and flexural-torsional buckling of uns} mmetric shapes 
are modes of buckling usually not considered in the design of hot-rolled columns. (Generally, either 
these modes do not govern or the critical load differs very little from the weak-axis planar buckling 
load.) Such buckling modes may, however, control the capacity of columns made from relatively 
thin plate elements and of unsymmetric columns. 

The strength of compression members determined by the limit states of torsional and flexu­
ral-torsional buckling is <l>cPn, 

WHERE: 
Ag = gross area of cross section, in.2 (mm2) 
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Pn = nominal resistance in compression, kips (N) 
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AgFcr (A-E3-1) 
Q 1.0 for elements meeting the width-thickness ratios, ')..,., of Section :a5.1 

Q.Oa for elements not meeting the width-thickness ratios ')..,. of Section B5.1 and deter­
mined in accordance with the provisions of Appendix B5.3 

q, 0.85 
The nominal critical stress, Fer, is determined as follows: 

a. For A., jQ s; 1.5 : 

(A-E3-2) 

b. For A., jQ > 1.5 : 

[
0.877] F A. 2 y 

e 

(A-E3-3) 

WHERE: 

(A-E3-4) 

Fy = specified minimum yield stress of steel, ksi (N/mm2) 
The critical torsional or flexural-torsional elastic buckling stress, Fe, is determined as follows: 

a. For doubly symmetric shapes, the critical torsional elastic buckling stn~ss is 

F, = [ ~~~L~; + GJ] lx ~ lv (A-E3-5) 

b. For singly symmetric shapes, where y is the axis of symmetry, the critical flexural-torsional 
elastic buckling stress is 

_ Fe.v + Fez ( 
F, - 2H I - (A-E3-6) 

c. For unsymmetric shapes, the critical flexural-torsional elastic buckling stress, Fe, is the lowest 
root of the cubic equation 

(F, - F,x)(F, - F,y)(F, - F,,) 

F;(F, - F,y)(X0 j"f0 )
2 

-

F; (F, - F,x)(yo/F0 )
2 = 0 

WHERE: 
c warping constant, in.6 (mm6) 
E = modulus of elasticity, ksi (N/mm2) 
G shear modulus, ksi (N/mm2) 

moment of inertia about the principal axes,in.4 (mm4) 
torsional constant, in.4 (mm4) 

Kz = effective length factor for torsional buckling 
Xo,y0 = coordinates of shear center with respect to the centroid, in. (mm) 

-2 2 2 fx + fy 
ro = Xo + Yo + A 

(A-E3-7) 

(A-E3-8) 
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H 

F,-" 

WHERE: 
cross-sectional area of member, in. 2 (mm2) 

effective length factors in x andy directions 
unbraced length, in. (mm) 
radii of gyration about the principal axes, in. (mm) 

APPENDIX F 

BEAMS AND OTHER FLEXURAL MEMBERS 

F1. DESIGN FOR FLEXURE 

(A-E3-9) 

(A-E3-10) 

(A-E3-11) 

(A-E3-12) 

7. Nominal Flexural Strength. Table A-Fl. 1 provides a tabular summary of Formulas (Fl-3) 
through (Fl-16) for determining the nominal flexural strength of beams and girders. For slenderness 
parameters of cross sections not included in Table A-Fl. I, see Appendix B5.3. 

The nominal flexural strength, Mn, is the lowest value obtained according to the limit states of: (a) 
lateral-torsional buckling (LTB); (b) flange local buckling (FLB); and (c) web local buckling 
(WLB). 

The nominal flexural strength, Mn, shall be determined as follows for each limit state: 

For A!>. 'Ap: 
(A-F1-l) 

For 'Ap < A s; A,.: 

For the limit state of lateral-torsional buckling: 

M. ~ c, [ M, - (M, - M,)(:, t)] ,; M, (A-Fl-2) 

For the limit states of flange and web local buckling: 

(A-F1-3) 

For A> A,.: 
For the limit state of lateral-torsional buckling and for flange local buckling: 

M. = Mer = S Fer (A-F1-4) 
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For A of the flange >A,. in shapes not included in Table A-Fl.l, see Appendix B5.3. 

For A of the web >A,., see Appendix G. 

For all slenderness parameters, the flexural strength of hybrid sections is limited by the flexural 
strength of equivalent homogeneous sections made up of the hybrid web and flange steel grade. 

The terms used in the above equations are: 

Cb = 1.75 + 1.05(MI/M2) + 0.3(MI/M2)2 :s; 2.3 where M1 is the smaller and M2 the larger 
end-moment in the unbraced segment of the beam; M 1/M2 is positive when the moments 
cause reverse curvature. 

Fer = critical stress, ksi (N/mm2) 

4 
Mer 
Mn 
Mp 
Mr 
s 

ry 

A 

= 

= 

laterally unbraced length, in. (mm) 
buckling moment, kip-in. (N·mm) 
nominal flexural strength, kip-in. (N·mm) 
plastic moment, kip-in. (N·mm) 
limiting buckling moment (equal to Mer when A= A,.), kip-in. (N·mm) 
section modulus, in. 3 (mm3) 
radius of gyration about minor axis, in. (mm) 
controlling slenderness parameter 
minor axis slenderness ratio, 4frv, for lateral-torsional buckling 
flange width-thickness ratio, bit, for flange local buckling as defined in Section B5.1 
web depth-thickness ratio, hltw, for web local buckling as defined in Section B5.1 

A, largest value of A for which Mn = Mp 
A,. largest value of A for which buckling is inelastic 
The applicable limit states and equations for Mp, M, Fe, A, A, and A,. are given in Table A-F1.1 for 

the shapes covered in this Appendix. The terms used in the table are: 

A cross-sectional area, in.2 (mm2) 
flange width, in. (mm) b 

d 

Fr = 

= 
Fy 

Fyf = 
Fyw 

he 

J 

Re = 
(Sx)eff = 

Sxc = 
Sxr = 

fJ 
fw 

z 

overall depth, in. (mm) 
compressive residual stress in flange 
10 ksi (70 N/mm2) for rolled shapes 
16.5 ksi (115 N/mm2) for welded shapes 
specified minimum yield strength, ksi (N/mm2) 
yield strength of the flange, ksi (N/mm2) 
yield strength of the web, ksi (N/mm2) 
twice the distance from the neutral axis to the inside face of the compression flange less 
the fillet or comer radius, in. (mm) 
torsional constant, in.4 (mm4) 

see Appendix G2 
effective section modulus about major axis, in. 3 (mm3) 
section modulus of the outside fiber of the compression flange, in. 3 (mm3) 
section modulus of the outside fiber of the tension flange, in. 3 (mm3) 

flange thickness, in. (mm) 
web thickness, in. (mm) 
plastic section modulus, in.3 (mm3) 
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TABLE A-F1.1 
N om1na I St th P reng1 t arame ers 

Plastic 
Moment, Limiting Buckling 

Shape Mp Limit State of Buckling Moment, Mr 

Channels and doubly and singly L TB doubly symmetric 
Wyw· Fr)Sx symmetric l·shaped beams (including members and channels 

hybrid beams) bent about major axis 
LTB singly symmetric (Fyw- Fr)Sxc ~ Fyt FyZx members Sxt 

(e) 

FLB (1""yw - Fr)Sx 

WLB Re Fyt 5x 
Channels and doubly symmetric 
1-shaped members bent about minor FyZy FLB FySy 
axis 

Solid symmetric shapes, except 
FyZx Not Applicable rectangular bars, bent about major axis 

Solid rectangular bars bent about major 
FyZx LTB FySx axis 

Critical Stress, Slenderness Parameters 

Fer A. A.p "-r Limitations 

l. Applicable for 
c~1!2 j ~x2 Lb 300 !-shaped members --).- 1 + 2).2 

ry jF;, (a, b) 
he/fw ~ 970/ jF;, 

(b) when hc/fw > 970/ jF;, 
Value of A. for See Appendix G 

Lb 300 which Mer= 2. When ). > )., (c) 
ry jF;, Sxc (Fyf- Fr) a) Applicable for 

built-up channels if 

b 65 bid ~ 0.25 and t/tw 
(g) t jF;, (h) ~ 3.0 

b) Applicable for 

640 970 
rolled channe Is if bid 

he 
~ 0.25 and tp1tw ~ N.A. fw jF;, jF;, 2.0 

Same as for major axis 

Not Applicable 

57, ooocb fJA Lb 3, 750/JA 57,000/JA 
Sx ry Mp M, 
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TABLE A-F1.1 (continued) 
Nominal Strength Parameters 

Plastic 
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Limit State 
Moment, of Buckling Limiting Buckling Moment, M, 

Shape Mp 
Symmetric box sections loaded in a LTB (Frt • F,)Sx 
plane of symmetry 

FLB FySx 
FyZx 

Same as for 
WLB l·shape 

Circular tubes LTB Not applicable 

FyZ FLB M = ( 600 + 
n Djt Fr)s(tl 

WLB Not applicable 

a ;., = (FywX~ F,)j1 + j1 + X2(Fyw- F,)2 

2 
b x1 =~jf¥ X = 4 Cw ( Sx) 

Sx 2 2 fy GJ 

c 
57, ooocb .[i;J j 

+ 82 + sf) ~ SxtFr Mer = L fy J (81 + (1 
b 

where 

81 = 2.25[2(/yc/fy)- 1)(h/Lt)j(ly/J) 82 = 25(1 - fyc/fy)(fyc/J)(h/Lb) 2 

If the compression flange is larger than the tension flange, Mer may be evaluated conservatively by the 
formula for doubly symmetric members, using for X1 and X2 the values for a symmetric section both of 
whose flanges are the same as the compression flange of the singly symmetric s3ction. 
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Critical Stress, 
Fer A. 

57, ooocb fJA Lb 

A.Sx ry 

(Sx)eff F (d) b 
Sx y t 

9,750 
D!t Djt 

TABLE A-F1.1 (continued) 
Nominal Strength Parameters 

Slenderness Parameters 

A.p Ar 

3, 750fJA 57,ooofJA 
Mp M, 

190 238 
F; j(Fy -

Same as for 1-shape 

Not applicable 

2,070 8,970 
---;=;- ---;=;-

Not applicable 

Limitations 

Applicable if 
heft., S 970/ jF;, 

LTB applies 

F,) cnly if d> b 

Djt < 
13,000 
---;=;---

I d(Sx)ett is the secton modulus for a section with a compression-flange width, b8 , given 

b = 326t ( 1 
e ft 64.9 ) 

- (b/() ft for flanges of square and rectangular series of uniform thickness 

6 Computed from fully plastic stress distribution for hybrid sections. 
'This equation is to be used in place of Formula A-F1-3. 

9 
Fer = 20 000 
~ for rolled shapes 

Fer = 11 200 
~ for welded shapes 

h A., = 141 for rolled shapes 
jFyw - 10 

A., = 1 06 for welded shapes 
jFyw - 16.5 

NOTE: See next page for metric conversions. 
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For SI: 

CHAP. 22, DIV. VIII 
2249 

TABLE A-F1.1 
Nominal S hP trengt arameters 

Plastic 
Moment, Limiting Buckling 

Shape Mp Limit State of Buckling Moment, M, 

Channels and doubly and singly L TB doubly symmetric (Fyw- F,)Sx 
symmetric 1-shaped beams (including members and channels 
hybrid beams) bent about major axis 

L TB singly symmetric (Fyw- F,)Sxc ~ Fyr FyZx members Sxt (e) 

FLB (Fyw- F,)Sx 

WLB Re Fyr Sx 

Channels and doubly symmetric 
1-shaped members bent about minor FyZy FLB FySy 
axis 

Solid symmetric shapes, except 
FyZx Not Applicable rectangular bars, bent about major axis 

Solid rectangular bars bent about major 
FyZx LTB FySx axis 

Critical Stress, Slenderness Parameters 

Fer A Ap Ar Limitations 

I. Appli:able for 
Ct?<,/2 j ~x2 

1.76 jl;, +-- Lb (a, b) 
1-shaped members --}.- 1 

2).2 fy hc/tw ~ 5.7ojE/FY1. 
(b) when hc/<'w > 5.7ojE/Fyt 

1.76 jl;, Value of A for See Appondix G 

(c) Lb which ~r= 2. When ;. > ;., 
fy Sxc (Fyt- F,) a) Applkable for 

built-up channels if 

(g) b 0.38 jl;, (h) 
bid ::5 0. 25 and ~ltw 

t ::5 3.0 
b) Applicable for 

he 3.76 jl;, 5.70 jl;, rolled ct.annels if bid 
N.A. 

tw 
::5 0.25 and t_ritw ::5 
2.0 

Same as for major axis 

Not Applicable 

2ECb/JA Lb 0.13EIJA 2EIJA 
Sx fy Mp ----;;;;;--

2-617 



CHAP. 22, DIV. VIII 
2249 1994 UNIFORM BUILDING CODE 

TABLE A-F1.1 (continued) 
Nominal Strength Parameters 

Plastic Limit State 
Moment, of Buckling Limiting Buckling Moment, Mr 

Shape Mp 

Symmetric box sections loaded in a LTB (Fyt- FriSx 
plane of symmetry 

FLB FySx 
FyZx 

Same aB for 
WLB 

1-shaJ:e 

Circular tubes LTB Not applicable 

FyZ FLB M = ( O.C,21E + 
n Dft Fy)s 

WLB Not applicable 

a .l.r= (FywX~ Fr)J1 + j1 + X2(Fyw- Fr)2 

2 
b x, = .!!...jEGJA X = 4 Cw ( Sx) 

Sx 2 2 ly GJ 

c 2ECb.{i;J j 8~) ~ SxfFY Mer = -L- ly J (81 + (1 + 82 + 
b 

where 

8, = 2.25 [2(/yc/ly) - 1](h/Lb) j(ly/J) 82 = 25(1 - lyc/ly)(/yc/ J)(h/ Lb)2 

If the compression flange is larger than the tension flange, Mer may be evaluated consorvatively by the 
formula for doubly symmetric members, using for X1 and X2 the values for a symmetric section both of 
whose flanges are the same as the compression flange of the singly symmetric section. 
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Critical Stress, 
Fer A. 

2ECbfJA Lb 
fy 

Sx 

(Sx)effF b 
Sx y t 

0.34E 
OTt Dlt 

TABLE A-F1.1 (continued) 
Nominal Strength Parameters 

Slenderness Parameters 

A.p A.r 

0.13EfJA 2EfJA 
Mp -;;r,-

0.0066E 
1.40 j(Fy ~ Fr) Fy 

Same as for 1-shape 

Not applicable 

E 0.31E o.011F -,:;-y 

Not applicable 

CHAP. 22, DIV. VIII 
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Limitations 

Ap-
:5 5.70 p;, tJ:)lr,., 

ca-
ble 
if 

LTB applies 
only if d> b 

Oft < 0.45E -,:;-

d(Sx)eff is the secton modulus for a section with a compression-flange width, be, ~tiven 

be = 1.91 t A[ 1 - ~b~~ ft] for flanges of square and rectangular series of uniform thickness 

8 Computed from fully plastic stress distribution for hybrid sections. 
'This equation is to be used in place of Formula A-F1-3. 
g 0·69E for rolled shapes Fer = ).2 

Fer = 0·39E for welded shapes 
).2 

h Ar = 0.83 j Fyw :_ 70 for rolled shapes 

Ar = 0.62 j Fyw : 115 for welded shapes 
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F4. WEB-TAPERED MEMBERS 

The design of tapered members meeting the requirements of this section shall be governed by the 
provisions of Chapter F, except as modified by this Appendix. 

l. General Requirements. In order to qualify under this Specification, a tapered member must 
meet the following requirements: 

a. It shall possess at least one axis of symmetry which shall be perpendicular to th~ plane of bend­
ing if moments are present. 

b. The flanges shall be of equal and constant area. 

c. The depth shall vary linearly as 

d = do ( 1 + Y f) (A-F4-l) 

WHERE: 
d0 depth at smaller end of member, in. (mm) 
dL depth at larger end of member, in. (mm) 
L unbraced length of member measured between the center of gravity of the bracing mem­

bers, in. (mm) 
z = distance from the smaller end of member, in. (mm) 

y (dL- d0 )ld0 ::5 the smallerof0.268(Ud0 ) or6.0 
2. Design Tensile Strength. The design strength of tapered tension members shall he determined in 
accordance with Section Dl. 

3. Design Compressive Strength. The design strength of tapered compression members shall be 
determined in accordance with Section E2, using an effective slenderness parameter~!! computed 
as follows: 

A = §_ (Qii; 
eft 7r V E (A-F4-2) 

WHERE: 
E modulus of elasticity for steel, ksi (N/mm2) 

Fy specified minimum yield stress, ksi (N/mm2) 

K = effective length factor for a prismatic member 
Ky effective length factor for a tapered member as determined by a rational analysis 
Q = reduction factor 

1.0 if all elements meet the limiting width-thickness ratios, '4, of Section BS.l 
= ~!?a. determined in accordance with Appendix B, if any stiffened and/or unstiffened ele­

ments exceed the ratios, '4, of Section BS.l 
r0 x strong axis radius of gyration at the smaller end of a tapered member, in. (mm) 
r0 y weak axis radius of gyration at the smaller end of a tapered member, in (mm) 

S KUr0 y for weak axis bending and KyUr0 x for strong axis bending 
The smallest area of the tapered member shall be used for Ag in Formula (E2- 1 ). 

4. Design Flexural Strength. The design flexural strength of tapered flexural members for the limit 
state of lateral-torsional buckling is <l>bMn, where <l>b = 0. 90 and the nominal strer:.gth is 

M. = (S/3)S' X Fby (A-F4-3) 
WHERE: 
S~ = the section modulus of the critical section of the unbraced beam length under consider­

ation 
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unless Fh y .s; Fv/3, in which case 

In the above equations, 

For SI: 

For SI: 

WHERE: 

12 X 103 

h, Ld,./A1 

0.41£ 
h, Ld,./A1 

170 X 103 

(h,. L/rrY 

5.9£ 

Af area of the compression flange, in.2 (mm2) 

hs factor equal to 1.0 + 0.0230y jLd,jA1 

hw factor equal to 1.0 + 0.00385 y jL/rr, 

0.60F, 
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(A-F4-4) 

(A-F4-5) 

(A-F4-6) 

(A-F4-7) 

rr0 radius of gyration of a section at the smaller end, considering only the compression flange 
plus one third of the compression web area, taken about an axis in the plane of the web, in. 
(mm) 

and where B is determined as follows: 

a. When the maximum moment, Mz, in three adjacent segments of approximately equal un­
braced length is located within the central segment and M 1 is the larger moment at one end of 
the three-segment portion of a member:* 

B = 1.0 + 0.37( 1.0 + Z:) + 0.50y ( 1.0 + Z:) ~ 1.0 (A-F4-8) 

b. When the largest computed bending stress,fbz, occurs at the larger end of two adjacent seg­
ments of approximately equal unbraced lengths and.fb 1 is the computed bending stress at the 
smaller end of the two-segment portion of a member:** 

B = 1.0 + 0.58 ( 1.0 + ~:J - 0.70y ( 1.0 + 1:) ~ 1.0 (A-F4-9) 

*M1/Mz is considered as negative when producing single curvature. In the rare case when: M1/Mz is positive, it is 
recommended that it be taken as zero. 

**fi,I(fi,z is considered as negative when producing single curvature. If a point of contraflexure occurs in one of two 
adjacent unbraced segments,fi,J/Ji,z is considered as positive. The ratiojj,J(fi,z .- 0. 
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c. When the largest computed bending stress,.fi,z, occurs at the smaller end of two adjacent seg­
ments of approximately equal unbraced length and Ji, 1 is the computed bending stress at the 
larger end of the two-segment portion of a member:* 

B = 1.0 + 0.55 ( 1.0 + ~~) + 2.20y ( 1.0 + ~~) ~ I 0 (A-F4-10) 

In the foregoing, y = (dL - lfc,)ldo is calculated for the unbraced length that contains the maximum 
computed bending stress. 

d. When the computed bending stress at the smaller end of a tapered member or :;egment thereof 
is equal to zero: 

B = 
1.0 + 0.25 fY 

1.75 (A-F4-ll) 

where y = (dL -de, )/d0 calculated for the unbraced length adjacent to the point of zero bending stress. 

5. Design Shear Strength. The design shear strength of tapered flexural member:; shall be deter­
mined in accordance with Section F2. 

6. Combined Flexure and Axial Force. For tapered members with a single web taper subject to 
compression and bending about the major axis, Formulas (HI-I) through (Hl-3) apply, with the 
following modifications: Pn and Pex shall be determined for the properties of the smaller end, using 
appropriate effective length factors. Mnx, Mu and Mpx shall be determined for the larger end; Mnx = 
(5/3)S'x Fb y, where S'x is the elastic section modulus of the larger end, and Fb y is the design flexural 
stress of tapered members. Cmx is replaced by C',, determined as follows: 

a. When the member is subjected to end moments which cause single curvature bending and ap­
proximately equal computed moments at the ends: 

C'm = 1.0 + 0.1 (cj>:PJ + 0.3 (cj>:PJ
2 

(A-F4-12) 

b. When the computed bending moment at the smaller end of the unbraced length is equal to 
zero: 

(A-F4-13) 

When the effective slenderness parameter ~ff ~ 1.0 and combined stress is checked incremental­
ly along the length, the actual area and the actual section modulus at the section under investigation 
may be used. 

PLATE GIRDERS 

G1. LIMITATIONS 

APPENDIXG 

Doubly and singly symmetric single-web nonhybrid and hybrid plate girders loaded in the plane 
of the web may be proportioned according to the provisions of this Appendix or Section F2, pro­
vided that these limits are satisfied. 

a. For ~ ~ 1.5 : 

*Ji, 1/Ji,2 is considered as negative when producing single curvature. If a point of contraflexure occurs in one of two 
adjacent unbraced segments,Ji,t/Ji,2 is considered as positive. The ratiofi,t/fi,z ;o< 0. 
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h 2,000 
tw max ,fF; 

For SI: .!:!. 11.74 [1; tw max 

b. For ~ > 1.5 : 

h 14,000 
tw max 

h 0.48£ 
For SI: tw max 

WHERE: 
a clear distance between transverse stiffeners, in. (mm) 

Fyf specified minimum yield stress of the flange, ksi (N/mm2) 

CHAP. 22, DIV. VIII 
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(A-Gl-1) 

(A-01-2) 

h clear distance between flanges less the fillet or corner radius for rolled shapes; and for 
built-up sections, the distance between adjacent lines of fasteners or the clear distance be­
tween flanges when welds are used, in. (mm) 

tw = web thickness, in. (mm) 
In unstiffened girders, hltw must be less than 260. 

G2. DESIGN FLEXURAL STRENGTH 

The design flexural strength for plate girders with slender webs (hcltw > 970/ jF;) (For SI: hcltw 

> 5.70jE/Fv) shall be <l>bMn, where <l>b = 0.90 and Mn is the lower value obtained according to the 

limit states of tension-flange yield and compression-flange buckling. When hcltw > 970/ jF;CFor 

SI: hcltw > 5.70JE/Fy ), see Appendix Fl.7. 

For tension-flange yield: 

(A-02-1) 

For compression-flange buckling: 

(A-02-2) 
WHERE: 

RPG 1 - 0.0005 a{;: 970) "' :5 1.0 
.,;Fer 

(A-02-3) 

For SI: RPG = 1 - 0.0005 a{;: 5.70 /1;,) :5 1.0 

ar ratio of web area to compression flange area 
Fer = critical compression flange stress, ksi (N/mm2) 
Fy1 yield stress of tension flange, ksi (N/mm2) 
he twice the distance from the neutral axis to the inside face of the compression flange less 

the fillet or corner radius, in. (mm) 
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m ratio of web yield stress to flange yield stress or Fer 

Re hybrid girder factor 
= 1.0 - 0.1 ( 1.3 + ar )(0.81 - m) ~ 1.0 (for nonhybrid girders, Re = 1.0) 

Sxc section modulus referred to compression flange, in.3 (mm3) 
Sxt = section modulus referred to tension flange, in. 3 (mm3) 
The critical stress, Fer, to be used is dependent upon the slenderness parameters A, J.p. A.,., and Cpc 

as follows: 

a. For A :s; A.p: 
(A-G2-4) 

F,., (A-G2-5) 

c. For A> Ar: 
Cpc 

Fer= V (A-G2-6) 

In the foregoing, the slenderness parameter shall be determined for both the limit state of later­
al-torsional buckling and the limit state of flange local buckling; the slenderness parameter which 
results in the lowest value of Fer governs. 

For the limit state of lateral-torsional buckling: 

A. = Lb (A-G2-7) 
rT 

A. = 300 p 
[F; (A-G2-8) 

For SI: A.p 1.76 If; 
yf 

A., 756 

[F; (A-G2-9) 

A. = 4.44 If; r 
yf 

For SI: 

Cpc 286,ooo cb (A-G2-10) 

A. 
bf 

21/ 
(A-G2-11) 

A.p 65 

[F; (A-G2-12) 

A.P 0.38 If; 
yf 

ForSI: 

A., 150 

[F; (A-G2-13) 
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For SI: Ar = 0.88 fj y FYI 

11,200 

The limit state of flexural web local buckling is not applicable. 

G3. DESIGN SHEAR STRENGTH WITH TENSION FIELD ACTION 

CHAP. 22, DIV. VIII 
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(A-02-14) 

The design shear strength shall be <1>v Vn, kips, where <1>v = 0.90 and Vn is determined as follows: 

a.Forh/tw :5 181)k/Fyw(ForSI:h/tw :5 l.lOjkE/Fvw): 

Vn = 0.6 Aw F,.w 

b.Forh/tw > 181)k/Fvw(ForSI:h/tw > l.lOjkE/Fvw): 

WHERE: 

(A-03-1) 

(A-03-2) 

Cv = ratio of "critical" web stress, according to linear buckling theory, to the shear yield stress 
of web material 

except for end-panels in nonhybrid plate girders, for all panels in hybrid and web-tapered plate gird­
ers and when a/h exceeds 3.0 or [260/(hltw)] 2. In these cases, tension field action is not permitted 
and 

Vn = 0.6 Aw Fvw Cv 

The web plate buckling coefficient, k, is given as 

5 
k = 5 + (a/h)2 

(A-03-3) 

(A-03-4) 

except that k shall be taken as 5.0 if a/h exceeds 3.0 or [260/(hltw)] 2. The shear coefficient, Cv, is 
determined as follows: 

For 187 fi... :s A :s y Fyw fw 

For SI: 

234ft (ForSI: 1.10 ~ 

187 Ji<1ii: 
h/tw 

uofkiTii:., 
Cv = / h fw 

For .b._ > 234 {I_ (For SI: A 
t.,... y Fyw fw > 1.37 ~): 

44,000k 
(h/tw) 2Fyw 

1.52 kE 
(h/tw) 2Fyw 

For SI: 

(A-03-5) 

(A-03-6) 

2-625 



CHAP. 22, DIV. VIII 
2249 1994 UNIFORM BIJILDING CODE 

G4. TRANSVERSE STIFFENERS 

Transverse stiffeners are not required in plate girders when h/tw < 418/ {F;., (For SI: hltw :5 

2.45.) E / Fvw• or when the required shear, Vu, as determined by structural analysis for the factored 
loads, is less than or equal to 0.6cj>A,.,FywCv, where Cv is determined fork= 5 and cj> = 0.90. Stiffeners 
may be required in certain portions of a plate girder to develop the required shear m to satisfy the 
limitations given in Appendix Gl. 

The moment of inertia, 1st• of a transverse stiffener about an axis in the web center for stiffener 
pairs or about the face in contact with the web plate for single stiffeners shall not be less than at3wj, 
where 

. = ___1:1._ - 2 > OS 1 (ajh) 2 - • 
(A-G4-l) 

and the stiffener area, As1, when designing for tension field action shall not be less than 

Fyw [ Vu 2] F O.ISDhtw(l - Cv) ,/,. V - 18tw ~ 0 
~~ ~v n 

WHERE: 
D 1 for stiffeners in pairs 

1.8 for single angle stiffeners 
2.4 for single plate stiffeners 

Fyst specified yield stress of the stiffener material, ksi (N/mm2) 

(A-G4-2) 

Cv and Vv are defined in Appendix G3, and Vu is the required shear at the location of the stiffener. 

GS. FLEXURE-SHEAR INTERACTION 
Plate girders with webs that depend on tension field action must satisfy flexure-~ hear interaction 

criteria. 

When stiffeners are required and 

0.6 v. < ~ < v. -,;:r;- - Mu - 0.75 M. 

the following interaction equation must be satisfied: 

~u + .625 ~u :5 1.375 ifJ 
n n 

(A-GS-1) 

where Mn is the nominal flexural strength of plate girders from Appendix G2, cj> = 0.90 and Vn is the 
nominal shear strength from Appendix G3, except that Mu may not exceed cJ>Mn (1~ = 0.90) and Vu 
may not exceed cJ>Vn(cJ> = 0.90). 

APPENDIX H 

MEMBERS UNDER TORSION AND COMBINED FORCES 

H3. ALTERNATE INTERACTION EQUATIONS FOR MEMBERS UNDEFl COMBINED 
STRESS 

For biaxially loaded !-shaped members used in braced frames only, the following interaction 
equations may be used in lieu of Formulas (Hl-la) and (Hl-lb). 
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(~h~1PXf + 
Muy ( ~ ~bM 1pJ :5 1.0 

( r ( CmyMu.v r CmxMux 
1.0 ~bM 1 nx + ~bM

1

ny 
:5 

For 0.5 :5 bjld :5 I.O: 

PufPv 1. 6 - _ __:::_--e:....__ 

2[ln(P uf Pv)] 

For bjld ~ 0.3: 

'Y/ = 0.4 + Pu + !:£ > I 0 P.v d - . 

= 1.0 for btfd < 0.3 

WHERE: 
bf flange width, in. 
d = member depth, in. 

M'px 

M'P.v = 1.2 Mp.v [I - (Pu/Py) 2
] :5 Mp.v 

M' = nx Mnx (I Pu ) (I 
~cPn 

~) P,x 

M' = ny Mn.v (I Pu ) (I 
~cPn 

Pu) 
P,.v 

WHERE: 
Cm = coefficient defined in Section HI. 
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(A-H3-I) 

(A-H3-2) 

(A-H3-3) 

(A-H3-4) 

(A-H3-5) 

(A-H3-6) 

(A-H3-7) 

(A-H3-8) 

Mn = nominal flexural strength, determined in accordance with Section Fl, kip-in. (N·mm) 
Mp plastic moment, kip-in. (N·mm) 
Mu required flexural strength, kip-in. (N·mm) 
Pe = Euler buckling strength A8 Fyi'A?c, where\. is the column slenderness parameter defined 

by Formula (E2-4), kips (N) 
Pn nominal compressive strength determined in accordance with Section E2, kips (N) 
Pu = required axial strength, kips (N) 
Py compressive yield strength A8 Fy. kips (N) 
'l>b resistance factor for flexure= 0.90 
'l>c resistance factor for compression = 0.85 

APPENDIX K 

STRENGTH DESIGN CONSIDERATIONS 

K2. PONDING 
The provisions of this Appendix may be used when a more exact determination of flat roof fram­

ing stiffness is needed than that given by the provision of Section K2 that c;1 + 0.9Cs ~ 0.25. 
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For any combination of primary and secondary framing, the stress index is computed as 

(
1Jh F, - fo) 

up j;, p for the primary member (A-K2-3) 

(
1Jh F,. - fo) 

U, = f, for the secondary member 
.I 

(A-K2-4) 

WHERE: 
fo = the stress due to I .2D + 1.2R (D =nominal dead load, R =nominal load due to rain water or 

ice exclusive of the ponding contribution)* 
<Pb = resistance factor for flexure= 0.90 (Section F) 
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Flexibility Constant C r 

Fi[?. A-K2.1. Flexibility coefficients for combined primary and secondary systems 

Enter Figure A-K2. 1 at the level of the computed stress index, Up, determined for the primary 
beam; move horizontally to the computed C,-value of the secondary beams and then downward to 
the abscissa scale. The combined stiffness of the primary and secondary framing is sufficient to pre-

*Depending on geographic location, this loading should include such amount of snow as might also be present. 
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vent ponding if the flexibility constant read from this latter scale is more than the value of Cp com­
puted for the given primary member; if not, a stiffer primary or secondary beam, or combination of 
both, is required. In the above, 

c,, = 
32L, L~ yL,q 

10711, 
For SI: c,, = 4£1 

n " 

32SL~ For SI: C = ySL~ c = J07I ' n4£f., 
' 

3 4 
II 1/ I 

3 2 

3 0 

2 8 

"- I ' 7 ·rr ,, I I I 
0 I /: l/ I 
7 I 1/ rr <c I /I 

7 11.--c::,J /I I 

2 6 

2 4 

2 2 

. - '1--+--f--
.,.,I 

1/ 1/ ,_I/ v +I of--1-- -+-- -
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J I 
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'" I 1/ I 
7 I OJ 1: 
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>< l 8 ., 
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I 1/ "/ I 
I v v 

1/ -' :v'l II j 
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V' / - ~- /_ - Y+-- --ll' -- ~--+- --
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' v t/~ 17 
1--- I-v ~'/ 
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I I 

~ 1/ 1/ 
,;' v ./ I 

0.4 

0 2 

~ L.,.o ~ 
~,.ooP ~,.;I-"' )..;' 

I-
~ L.,.o 

!--"!-""' L.-~ 

0 -
() 0 l () 2 {) 3 0 4 () 5 () 6 0 7 

Flexibility Constant C. 

Fig. A-K2.2. Flexihility coejjicientsj(Ji· secondary heams alone 

WHERE: 
lp = moment of inertia of primary members, in.4 (mm4) 

Is = moment of inertia of secondary members, in.4 (mm4) 

Lp = column spacing in direction of girder (length of primary members), ft. (m) 

Ls = column spacing perpendicular to direction of girder (length of secondary members), ft. 
(m) 

S = spacing of secondary members, ft. (m) 

y = the unit mass of water in kg/mm3 times the acceleration of gravity in mm/s2, 9.81 x I0-6 

N/mm2 
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Roof framing consisting of a series of equally spaced wall-bearing beams is considered as con­
sisting of secondary members supported on an infinitely stiff primary member. For this case, enter 
Figure A-H2.2 with the computed stress index U5• The limiting value of Cs is determined by the 
intercept of a horizontal line representing the Us-value and the curve for Cp = 0. 
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The ponding deflection contributed by a metal deck is usually such a small part of the total pond­
ing deflection of a roof panel that it is sufficient merely to limit its moment of inertia [per foot (m) of 
width normal to its span] to 0.000025 times the fourth power of its span length. However, the stabil­
ity against ponding of a roof consisting of a metal roof deck of relatively slender depth-span ratio, 
spanning between beams supported directly on columns, may need to be checked. This can be done 
using Figure A-K2.1 or A-K2.2 using as Cs the flexibility constant for one foot width of the roof 
deck (S = 1.0). 

Since the shear rigidity of the web system steel joists and trusses is less than that of a solid plate, 
their moment of inertia should be taken as 85 percent of their chords. 

K4. FATIGUE 

Members and connections subject to fatigue loading shall be proportioned in accordance with the 
provisions of this Appendix. 

Fatigue, as used in this Specification, is defined as the damage that may result in fracture after a 
sufficient number of fluctuations of stress. Stress range is defined as the magnitude of these fluctua­
tions. In the case of a stress reversal, the stress range shall be computed as the numerical sum of 
maximum repeated tensile and compressive stresses or the sum of maximum shearing stresses of 
opposite direction at a given point, resulting from differing arrangement of live load. 

1. Loading Conditions; Type and Location of Material. In the design of members and connec­
tions subject to repeated variation of live load, consideration shall be given to the number of stress 
cycles, the expected range of stress and the type and location of member or detail. 

Loading conditions shall be classified according to Table A-K4.1. 

The type and location of material shall be categorized according to Table A-K4.2. 

2. Design Stress Range. The maximum range of stress at service loads shall not exceed the design 
stress range specified in Table A-K4.3. 

3. Design Strength of Bolts in Tension. When subject to tensile fatigue loading, properly tightened 
A325 or A490 bolts shall be designed for the combined tensile design strength due to external and 
prying forces within limits given in Table A-K4.4. 

Loading Condition 

1 
2 
3 
4 

TABLE A-K4.1 
Number of Loading Cycles 

From 

20,000a 
100,000 
500,000 

Over 2,000,000 

aApproximately equivalent to two applications every day for 25 years. 
bApproximately equivalent to 10 applications every day for 25 years. 
CApproximately equivalent to 50 applications every day for 25 years. 
dApproximately equivalent to 200 applications every day for 25 years. 

~- ---

To 

100,00Qb 
500,000C 

2,000,00od 
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TABLE A-K4.2 
Type and Location of Material 

Situation Illustrative 
Stress Example Nos. 

General Kind of Category (see (see Fi~ 
Condition x 25.4 for mm Stressa Table A-K4.3) A-K4.1) 

Plain Material Base metal with rolled or cleaned surface. Tor Rev. A 1, 2 
Flame-cut edges with ANSI smoothness of 
1 ,000 or less 

Built-up Base metal and weld metal in members Tor Rev. B 3,4,5,6 
Members without attachments, built up plates or 

shapes connected by continuous 
full-penetration groove welds or by 
continuous fillet welds parallel to the 
direction of applied stress 

Base metal and weld metal in members Tor Rev. B' 3,4,5,6 
without attachments, built-up plates, or 
shapes connected by full-penetration 
groove welds with backing bars not 
removed, or by partial-penetration groove 
welds parallel to the direction of applied 
stress 

Base metal at toe of welds on girder webs Tor Rev. c 7 
or flanges adjacent to welded transverse 
stiffeners 

Base metal at ends of partial length welded 
coverplates narrower than the flange having 
square or tapered ends, with or without 
welds across the ends or wider than flange 
with welds across the ends 
Flange thickness 0.8 in. Tor Rev. E 5 
Flange thickness > 0.8 in. Tor Rev. E' 5 

Base metal at end of partial length welded E' 5 
coverplates wider than the flange without 
welds across the ends 

Groove Welds Base metal and weld metal at Tor Rev. B 10,11 
full-penetration groove welded splices of 
pans of similar cross section ground flush, 
with grinding in the direction of applied 
stress and with weld soundness established 
by weld soundness established by 
radiographic or ultrasonic inspection in 
accordance with the requirements of 9.25.2 
or 9.25.3 of AWS 01.1, U.B.C. Standard 
No. 27-6. 
Base metal and weld metal at 
full-penetration groove welded splices at 
transitions in width or thickness, with welds 
ground to provide slopes no steeper than 1 
to 21/2 with grinding in the direction of 
applied stress, and with weld soundness 
established by radiographic or ultrasonic 
inspection in accordance with the 
requirements of 9.25.2 or 9.25.3 of AWS 
01.1, U.B.C. Standard No. 27-6. 

A514 base metal Tor Rev. B' 12,13 
Other base metals Tor Rev. B 12,13 

- - ---

(Continued) 
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Type and Location of Materiai-(Continued) 

Situation Illustrative 
Stress Example Nos. 

General Kind of Category (see (see Fi\1; 
Condition x 25.4for mm Stress a Table A-M.'b~ A·K4.1) j 

Groove Welds Base metal and weld metal at Tor Rev. c 
10, "·'t.~a I (cont.) full-penetration groove welded splices, with 

or without transitions having slopes no 
greater than 1 to 21/2 when reinforcement is 
not removed but weld soundness is 
established by radiographic or ultrasonic 
inspection in accordance with requirements 
of 9.25.2 or 9.25.3 of AWS 01.1, U.B.C. 
Standard No. 27-6. 

Partial- Weld metal of partial-penetration transverse Tor Rev. FC 16 
penetration groove welds, based on effective throat 
Groove Welds area of the weld or welds 

Fillet-welded Base metal at intermittent fillet welds Tor Rev. E 
Connections 

Base metal at junction of axially loaded 
members with fillet-weldedend connections. 

I Welds shall be disposed about the axis of 
the member so as to balance weld stresses 
b<;; 1 in. Tor Rev. E 17,18 
b> 1 in. Tor Rev. E' 17,18 

Base metal at members connected with 
transverse fillet welds 
b<;; 1/2 in. Tor Rev. c 20,21 
b> 1/2 in. See Note 0 

Fillet Welds Weld metal of continuous or intermittent s FC 15, 17, 18, 20, 
longitudinal or transverse fillet welds 21 

Plug or Base metal at plug or slot welds Tor Rev. E 27 
Slot Welds 

Shear on plug or slot welds s F 27 

Mechanically Base metal at gross section of high-strength Tor Rev. B 8 
Fastened bolted slip-critical connections, except 
Connections axially loaded joints which induce 

out-of-plane bending in connected material 

Base metal at net section of other Tor Rev. D 8,9 
mechanically fastened joints 

Base metal at net section of fully tensioned Tor Rev. B 8,9 
high-strength, bolted, bearing connections 

(Continued) 
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TABLE A-K4.2 
Type and Location of Materiai-(Continued) 

Situation 
lllustrative 

Stress Example N.os. 
General 

x 25.4for mm 
Kind of Category (see (see Fi~ 

Condition Stressa Table A-K4.3) A-K4.1) 

Attachments Base metal at details attached by 
full-penetration groove welds subject to 
longitudinal and/or transverse loading when 
the detail embodies a transition radius R 
with the weld termination ground smooth 
and for transverse loading, the weld 
soundness established by radiographic or 
ultrasonic inspection in accordance with 
9.25.2 or 9.25.3 of AWS 01.1, U.B.C. 
Standard No. 27-6. 

Longitudinal loading 
R> 24 in. Tor Rev. B 14 
24 in. > R > 6 in. Tor Rev. c 14 
6 in. > R > 2 in. Tor Rev. D 14 
2 in.> R Tor Rev. E 14 

Detail base metal for transverse loading: 
equal thickness and reinforcement removed 

R> 24 in. Tor Rev. B 14 
24 in. > R > 6 in. Tor Rev. c 14 
6 in. > R > 2 in. Tor Rev. D 14 
2in.> R Tor Rev. E 14,15 

Detail base metal for transverse loading: 
equal thickness and reinforcement not 
removed 

R> 24 in. Tor Rev. c 14 
24 in. > R > 6 in. Tor Rev. c 14 
6 in. > R > 2 in. Tor Rev. D 14 
2in. > R Tor Rev. E 14,15 

Detail base metal for transverse loading: 
unequal thickness and reinforcement 
removed 

R>2 in. Tor Rev. D 14 
2in.> R Tor Rev. E 14,15 

Detail base metal for transverse loading: 
unequal thickness and reinforcement not 
removed 

all R Tor Rev. E 14,15 

Detail base metal for transverse loading 
R>6in. Tor Rev. c 19 
6 in. > R > 2 in. Tor Rev. D 19 
2in. > R Tor Rev. E 19 

Base metal at detail attached by 
full-penetration groove welds subject to 
longitudinal loading 

2 < a< 120 or 4 in. Tor Rev. D 15 
a> 12b or 4 in. when b < 1 in. Tor Rev. E 15 
a> 12b or 4 in. when b > 1 in. Tor Rev. E' 15 

Base metal at detail attached by fillet welds 
or partial-penetration groove welds subject 
to longitudinal loading 

a< 2 in. Tor Rev. c 15,23,24,25,26 
2 in.< a< 12bor4 in. Tor Rev. D 15,23,24,26 
a> 12b or 4 in. when b < 1 in. Tor Rev. E 15,23,24,26 
a> 12bor4 in. when b> 1 in. Tor Rev. E' 15,23,24,26 

(Continued) 
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TABLE A-K4.2 
Type and Location of Materiai-(Continued) 

Situation 
Illustrative 

Stress Example Nos. 
General 

x25.4 for mm 
Kind of Category (see (see Fi~ 

Condition Stress" Table A-K4.3) A-K4.1 

Attachments Base metal attached by fillet welds or 

(cont.) 
partial-penetration groove welds subjected 
to longitudinal loading when the weld 
termination embodies a transition radius 
with the weld termination ground smooth: 

R>2 in. Tor Rev. D 19 
R<2in. Tor Rev. E 19 

Fillet-welded attachments where the weld 
termination embodies a transition radius, 
weld termination ground smooth, and main 
material subject to longitudinal loading: 
Detail base metal for transverse loading: 

R>2in. Tor Rev. D 19 
R < 2 in. Tor Rev. E 19 

Base metal at stud-type shear connector Tor Rev. c 22 
attached by fillet weld or automatic end weld 

Shear stress on nominal area of stud-type s F 
shear connectors 

""T" signifies range in tensile stress only; "Rev." signifies a range involving reversal of tensile or compressive stress; "S" 
signifies range in shear, including shear stress reversal. 

bThese examples are provided as guidelines and are not intended to exclude other reasonably similar situations. 
CAIIowable fatigue stress range for transverse partial-penetration and transverse fillet welds is a function of the effective 

throat, depth of penetration and plate thickness. 
- ·- - - ·- - - -- ··--···---·--··-- ··--

Category 
(From 

Table A-K4.2) 

A 
8 
B' 
c 
D 
E 
E' 
F 

TABLE A-K4.3 
Allowable Stress Range, ksi 

(x 6.89 for N/mm2) 
Loading Loading 

Condition Condition 
1 2 

63 37 
49 29 
39 23 
35 21 
26 16 
22 13 
16 9.2 
15 12 

Loading 
Condition 

3 

24 
18 
15 
13 
10 
8 

5.8 
9 

Flexural stress range of 12 ksi (82.7 N/mm2) permitted at toe of stiffener welds or flanges. 

TABLE A-K4.4 

Loading 
Condition 

4 

24 
16 
12 
10 
7 

4.5 
2.6 
8 

Design Strength of A325 or A490 Bolts Subject to Tension 
Number of cycles Design strength 

Not more than 20,000 As specified in Section J3 

From 20,000 to 500,000 0.30 ~ Fua 

More than 500,000 0.25 At, Fua 

• At service loads. 
- - - -

I 

I 
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NUMERICAL VALUES 

TABLE 1 
Design Strength as a Function of Fy 

Fy Design Stress (ksi) 
(ksi) 

0.54Fya 0.55Fl 0.63Fy0 0.85Fl 0.90Fy 8 

x 6.89 for N/mm2 

33 17.8 18.5 20.8 28.1 29.7 
35 18.9 19.6 22.1 29.8 31.5 
36 19.4 20.2 22.7 30.6 32.4 

40 21.6 22.4 25.2 34.0 36.0 
42 22.7 23.5 26.5 35.7 37.8 
45 24.3 25.2 28.4 36.3 40.5 

46 24.8 25.8 29.0 39.1 41.4 
50 27.0 28.0 31.5 42.5 45.0 
55 29.7 30.8 34.7 46.8 49.5 

60 32.4 33.6 37.8 51.0 54.0 
65 35.1 36.4 41.0 55.3 58.5 
70 37.8 39.2 44.1 59.5 63.0 

90 46.6 50.4 56.7 76.5 81.0 
100 54.0 58.0 63.0 85.0 90.0 

8 See Sect. F2, Formulas F2-1 and F2-2 
bSee Sect. J5.2, Formula J5-3 
"See Sect. K1.7, Formulas K1-9 and K1-10 
dsee Sect. E2, Formula E2-1 
•see Sect. D 1 , Formula Dl-1 
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TABLE 2 

CHAP. 22, DIV. VIII 
2249 

Design Strength as a Function of Fu 

Design Strength (ksi) 

x 6.89 for N/mm2 

E 
~ Connected Part Bolt or Threaded 

of Designated Part of 
Fy Fu Steel Designed Steel 

(ksi) (ksi) Tension Bearing Tension Shear Shear 
ASTM 0.75x 0.75x 0.75 X 0.65 X 0.65 X 

Designation x 6.89 for N/mm2 Fu• 2.4Fub Fu• 0.45 Fud 0.6 Fu• 
Ill A36 36 58-80 43.5 104 32.6 17.0 22.6 
t:: 
as A53 35 60 45.0 108 - - -a. 

't:l 
[ A242 J 50 70 52.5 126 39.4 20.5 27.3 

Cl) 46 67 50.3 121 37.7 19.6 26.1 
't:l A441 
as A588 

42 63 47.3 113 35.4 18.4 24.6 
Cl) 40' 60 45.0 106 33.6 17.6 23.4 .. 

.s::. A500 33/399 45 33.6 81 1- - - -.. 42/469 58 43.5 104 - - -
0 46/509 62 46.5 112 - - -
Cl 
1: A501 36 56 43.5 104 - - -:s 
.: A529 42 60-85 45.0 108 33.8 17.6 23.4 

't:l A570 40 55 41.3 99 - - -
1: 
as 42 56 43.5 104 - - -

i A572 42 60 45.0 106 33.6 17.6 23.4 
50 65 46.6 117 36.6 19.0 25.4 

.s::. 60 75 56.3 135 42.2 21.9 29.3 en 
ul 

65 60 60.0 144 45.0 23.4 31.2 .. A514 100 110-130 62.5 196 61.9 32.2 42.9 as 
lXI 90 100-130 75.0 160 56.3 29.3 39.0 

ul A606 45 65 46.6 117 - - -
.! 50 70 52.5 126 - - -as 
a: A607 45 60 45.0 108 - - -
ul 50 65 46.6 117 - - -
! 55 70 52.5 126 - - -

as 60 75 56.3 135 - - -

.s::. 65 60 60.0 144 - - -
en 70 65 63.6 153 - - -

A618 50 70 52.5 126 - - -

.!! 50 65 46.6 117 - - -

0 A449 92 120 - - 67.5 35.1 46.6 
lXI 61 105 - - 59.1 30.7 41.0 

56 90 - - 50.6 26.3 35.1 

•on effective net area, see Sects. D1, J5.2. 
bProduced by fastener In shear, see Sect. 33.6. Note that smaller maximum design bearing stresses, as a function of hole spacing, may be 

required by Sects. J3.9 and J3.1 0. 
con nominal body area, see Table 33.2. 
dThreads not excluded from shear plane, see Table 33.2. 
6 Threads excluded from shear plane, see Table 33.2. 
'For A441 material only. 
9Smaller value for circular shapes, larger for square or rectangular shapes. 
Note: For dimensional and size limitations, see the appropriate Specification. 
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Kl 

' 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

TABLE 3-36 
Design Stress for Compression Members of 

36 ksi (250 N/mm2) Specified Yield Stress Steel, G>c = 0.85a 
(x 6.89 for N/mm2) 

<IJcFcr K/ <IJcFcr K/ <IJcFcr K/ <IJcFcr K/ (ksi) 

' (ksi) ' (ksi) ' (ksi) ' 30.60 41 28.01 81 21.66 121 14.16 161 
30.59 42 27.89 82 21.48 122 13.98 182 
30.59 43 27.76 83 21.29 123 13.80 183 
30.57 44 27.64 84 21.11 124 13.62 164 
30.56 45 27.51 85 20.92 125 13.44 165 

30.54 48 27.37 86 20.73 126 13.27 166 
30.52 47 27.24 87 20.54 127 13.09 167 
30.50 48 27.11 88 20.36 128 12.92 188 

30.47 49 26.97 89 20.17 129 12.74 169 
30.44 50 26.63 90 19.98 130 12.57 170 

30.41 51 26.68 91 19.79 131 12.40 171 
30.37 52 26.54 92 19.60 132 12.23 172 

30.33 53 26.39 93 19.41 133 12.06 173 
30.29 54 26.25 94 19.22 134 11.88 174 
30.24 55 26.10 95 19.03 135 11.71 175 

30.19 56 25.94 96 18.84 136 11.54 176 

30.14 57 25.79 97 18.65 137 11.37 177 

30.08 58 25.63 98 18.46 138 11.20 178 

30.02 59 25.48 99 18.27 139 11.04 179 

29.96 60 25.32 100 18.08 140 10.89 180 

29.90 61 25.16 101 17.89 141 10.73 181 

29.63 62 24.99 102 17.70 142 10.58 182 
29.76 63 24.83 103 17.51 143 10.43 163 
29.69 64 24.67 104 17.32 144 10.29 184 
29.61 65 24.50 105 17.13 145 10.15 185 

29.53 66 24.33 106 16.94 146 10.01 186 

29.45 67 24.16 107 16.75 147 9.87 187 

29.36 68 23.99 108 16.56 148 9.74 188 

29.28 69 23.82 109 16.37 149 9.61 189 

29.18 70 23.64 110 16.19 150 9.48 190 

29.09 71 23.47 111 16.00 151 9.36 191 

28.99 72 23.29 112 15.81 152 9.23 192 

28.90 73 23.12 113 15.63 153 9.11 193 
28.79 74 22.94 114 15.44 154 9.00 194 

28.69 75 22.76 115 15.26 155 8.88 195 

28.58 76 22.58 116 15.07 158 8.77 198 

28.47 77 22.40 117 14.89 157 8.66 197 

28.36 78 22.22 118 14.70 158 8.55 198 

28.25 79 22.03 119 14.52 159 8.44 199 

28.13 80 21.85 120 14.34 160 8.33 200 

•When element width-to-thickness ratio exceeds A,, see Appendix 85.3. 
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<IJcFcr 
(ksi) 

8.23 

8.13 

8.03 

7.93 

7.84 

7.74 

7.65 

7.56 

7.47 

7.38 

7.30 

7.21 

7.13 

7.05 

6.97 

6.89 

6.81 

6.73 

6.68 

6.59 

6.51 

6.44 

6.37 

6.30 

6.23 

6.17 

6.10 

6.04 

5.97 

5.91 

5.85 

5.79 

5.73 

5.67 

5.61 

5.55 

5.50 

5.44 

5.39 

5.33 

I 

I 

I 

I 

I 
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TABLE 3-50 
Design Stress for Compression Members of 

CHAP. 22, DIV. VIII 
2249 

50 ksi (345 N/mm2) Specified Yield Stress Steel, <l>c = O.asa 
(x 6.89 for N/mm2) 

K/ <PcFcr !51 <PcFcr Kl <PcFcr Kl <PcFcr Kl <PcFcr 
7 (ksi) r (ksi) 7 (ksi) 7 (ksi) 7 (ksi) 

1 42.50 41 37.59 81 26.31 121 14.57 161 8.23 

2 42.49 42 37.36 82 26.00 122 14.33 162 8.13 

3 42.47 43 37.13 83 25.68 123 14.10 163 8.03 

4 42.45 44 36.89 84 25.37 124 13.88 164 7.93 

5 42.42 45 36.65 85 25.06 125 13.66 165 7.84 

6 42.39 46 36.41 86 24.75 126 13.44 166 7.74 

7 42.35 47 36.16 87 24.44 127 13.23 167 7.65 

8 42.30 48 35.91 88 2413 128 13.02 168 7.56 

9 42.25 49 35.66 89 23.82 129 12.82 169 7.47 

10 42.19 50 35.40 90 23.51 130 12.62 170 7.38 

11 42.13 51 35.14 91 23.20 131 12.43 171 7.30 

12 42.05 52 34.88 92 22.89 132 12.25 172 7.21 

13 41.98 53 34.61 93 22.58 133 12.06 173 7.13 

14 41.90 54 34.34 94 22.28 134 11.88 174 7.05 

15 41.81 55 34.07 95 21.97 135 11.71 175 6.97 

16 41.71 56 33.79 96 21.67 136 11.54 176 6.89 

17 41.61 57 33.51 97 21.36 137 11.37 177 6.81 

18 41.51 58 33.23 98 21.06 138 11.20 178 6.73 

19 41.39 59 32.95 99 20.76 139 11.04 179 6.66 

20 41.28 60 32.67 100 20.46 140 10.89 180 6.59 

21 41.15 61 32.38 101 20.16 141 10.73 181 6.51 

22 41.02 62 32.09 102 19.86 142 10.58 182 6.44 

23 40.89 63 31.80 103 19.57 143 10.43 183 6.37 

24 40.75 64 31.50 104 19.28 144 10.29 184 6.30 

25 40.60 65 31.21 105 18.98 145 10.15 185 6.23 

26 40.45 66 30.91 106 18.69 146 10.01 186 6.17 

27 40.29 67 30.61 107 18.40 147 9.87 187 6.10 

28 40.13 68 30.31 108 18.12 148 9.74 188 6.04 

29 39.97 69 30.01 109 17.83 149 9.61 189 5.97 

30 39.79 70 29.70 110 17.55 150 9.48 190 5.91 

31 39.62 71 29.40 111 17.27 151 9.36 191 5.85 

32 39.43 72 29.09 112 16.99 152 9.23 192 5.79 

33 39.25 73 28.79 113 16.71 153 9.11 193 5.73 

34 39.06 74 28.48 114 16.42 154 9.00 194 5.67 

35 38.86 75 28.17 115 16.13 155 8.88 195 5.61 

36 38.66 76 27.86 116 15.86 156 8.77 196 5.55 

37 38.45 77 27.55 117 15.59 157 8.66 197 5.50 

38 38.24 78 27.24 118 15.32 158 8.55 198 5.44 

39 38.03 79 26.93 119 15.07 159 8.44 199 5.39 

40 37.81 80 26.62 120 14.82 160 8.33 200 5.33 
8 When element width-to-thickness ratio exceeds A,, see Appendix 85.3. 
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TABLE 4 
Values of <?cFcr/ Fy. <?c = 0.85 

For Determining Design Stress for Compression Members for Steel of Any Yield Stressa 
Ac $Fcr1Fy Ac $Fcr1Fy Ac $Fc,!Fy Ac $Fcr1Fy 

0.02 0.850 0.82 0.641 1.62 0.284 2.42 0.127 
0.04 0.849 0.84 0.632 1.64 0.277 2.44 0.125 
0.06 0.849 0.86 0.623 1.66 0.271 2.46 0.123 
0.08 0.848 0.88 0.614 1.68 0.264 2.48 0.121 
0.10 0.846 0.90 0.605 1.70 0.258 2.50 0.119 

0.12 0.845 0.92 0.596 1.72 0.252 2.52 0.117 
0.14 0.843 0.94 0.587 1.74 0.246 2.54 0.116 
0.16 0.841 0.96 0.578 1.76 0.241 2.56 0.114 
0.18 0.839 0.98 0.568 1.78 0.235 2.58 0.112 

0.20 0.836 1.00 0.559 1.80 0.230 2.60 0.110 
0.22 0.833 1.02 0.550 1.82 0.225 2.62 0.109 
0.24 0.830 1.04 0.540 1.84 0.220 2.64 0.107 
0.26 0.826 1.06 0.531 1.86 0.215 2.66 0.105 
0.28 0.823 1.08 0.521 1.88 0.211 2.68 0.104 

0.30 0.819 1.10 0.512 1.90 0.206 2.70 0.102 
0.32 0.814 1.12 0.503 1.92 0.202 2.72 0.101 
0.34 0.810 1.14 0.493 1.94 0.198 2.74 0.099 

~ 0.36 0.805 1.16 0.484 1.96 0.194 2.76 0.098 

0.38 0.800 1.18 0.474 1.98 0.190 2.78 0.096 0 .. 0.40 0.795 1.20 0.465 2.00 0.186 2.80 0.095 "' , 
~ 0.42 0.789 1.22 
C) 

0.456 2.02 0.183 2.82 0.094 

C( 0.44 0.784 1.24 0.446 2.04 0.179 2.84 0.092 

0.46 0.778 1.26 0.437 2.06 0.176 2.86 0.091 

0.48 0.772 1.28 0.428 2.08 0.172 2.88 0.090 

0.50 0.765 1.30 0.419 2.10 0.169 2.90 0.089 

0.52 0.759 1.32 0.410 2.12 0.166 2.92 0.087 

0.54 0.752 1.34 0.401 2.14 0.163 2.94 0.086 

0.56 0.745 1.36 0.392 2.16 0.160 2.96 0.085 

0.58 0.738 1.38 0.383 2.18 0.157 2.98 0.084 

0.60 0.731 1.40 0.374 2.20 0.154 3.00 0.083 

0.62 0.724 1.42 0.365 2.22 0.151 3.02 0.082 

0.64 0.716 1.44 0.357 2.24 0.149 3.04 0.081 

0.66 0.708 1.46 0.348 2.26 0.146 3.06 0.080 

0.68 0.700 1.48 0.339 2.28 0.143 3.08 O.Q79 

0.70 0.692 1.50 0.331 2.30 0.141 3.10 0.078 

0.72 0.684 1.52 0.323 2.32 0.138 3.12 0.077 

0.74 0.676 1.54 0.314 2.34 0.136 3.14 0.076 

0.76 0.667 1.56 0.306 2.36 0.134 3.16 0.075 

0.78 0.659 1.58 0.299 2.38 0.132 3.18 0.074 

0.80 0.650 1.60 0.291 2.40 0.129 3.20 0.073 

•when element width-to-thickness ratios exceed A.. see Appendix 85.3. 
Values of A,;> 2.24 exceed Kl!rof 200 for~= 36. 
Values of Ac > 2.64 exceed Kl!rof 200 for =50. 
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TABLE 5 

CHAP. 22, DIV. VIII 
2249 

Values of Kllr tor Fy = 36 and 50 ksi (250 and 345 N/mm2) 
Kllr ~ K//r 

~ Fy = 36 Fy =50 ~ Fy = 36 Fy =50 

0.02 1.8 1.5 0.82 73.1 62.0 

0.04 3.6 3.0 0.84 74.9 63.6 

0.06 5.3 4.5 0.86 76.7 65.1 

0.08 7.1 6.1 0.80 78.5 66.6 

0.10 8.9 7.6 0.90 80.2 68.1 

0.12 10.7 9.1 0.92 82.0 69.6 

0.14 12.5 10.6 0.94 83.8 71.1 

0.16 14.3 12.1 0.96 85.6 72.6 

0.18 16.0 13.6 0.98 87.4 74.1 

0.20 17.8 15.1 1.00 89.2 75.7 

0.22 19.6 16.6 1.02 90.9 77.2 

0.24 21.4 18.2 1.04 92.7 78.7 

0.26 23.2 19.7 1.06 94.5 80.2 

0.28 25.0 21.2 1.08 96.3 81.7 

0.30 26.7 22.7 1.10 98.1 83.2 

0.32 28.5 24.2 1.12 99.9 84.7 

0.34 30.3 25.7 1.14 101.6 86.3 

0.36 32.1 27.2 1.16 103.4 87.8 

0.38 33.9 28.8 1.18 105.2 89.3 

0.40 35.7 30.3 1.20 107.0 90.8 

0.42 37.4 31.8 1.22 108.8 92.3 

0.44 39.2 33.3 1.24 110.6 93.8 

0.46 41.0 34.8 1.26 112.3 95.3 

0.48 42.8 36.3 1.28 114.1 96.8 

0.50 44.6 37.8 1.30 115.9 98.4 

0.52 46.4 39.3 1.32 117.7 99.9 

0.54 48.1 40.9 1.34 119.5 101.4 

0.56 49.9 42.4 1.36 121.3 102.9 

0.58 51.7 43.9 1.38 123.0 104.4 

0.60 53.5 45.4 1.40 124.8 105.9 

0.62 55.3 46.9 1.42 126.6 107.4 

0.64 57.1 48.4 1.44 128.4 108.9 

0.66 58.8 49.9 1.46 130.2 110.5 

0.68 60.6 51.4 1.48 132.0 112.0 
0.70 62.4 53.0 1.50 133.7 1135 

0.72 64.2 54.5 1.52 135.5 115.0 

0.74 66.0 56.0 1.54 137.3 116.5 

0.76 67.8 57.5 1.56 139.1 118.0 

0.78 69.5 59.0 1.58 140.9 119.5 

0.80 71.3 60.5 1.60 142.7 121.1 
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TABLE 5 (cont'd) 
Values of Kl!r for Fy = 36 and 50 ksi (250 and 345 N/mm2) 

Kl!r A.: Kllr 

A.: Fy ~ 36 Fy ~50 A.: Fy ~50 

1.62 144.4 122.6 2.42 183.1 

1.64 146.2 124.1 2.44 184.6 

1.66 148.0 125.6 2.46 186.1 

1.68 149.8 127.1 2.48 187.6 

1.70 151.6 128.6 2.50 189.1 

1.72 153.4 130.1 2.52 190.7 
1.74 155.1 131.6 2.54 192.2 
1.76 156.9 133.2 2.56 193.7 
1.78 158.7 134.7 2.58 195.2 
1.80 160.5 136.2 2.60 196.7 

1.82 162.3 137.7 2.62 198.2 
1.84 164.1 139.2 2.64 199.7 

1.86 165.8 140.7 

1.88 167.6 142.2 

1.90 169.4 143.8 

1.92 171.2 145.3 

1.94 173.0 146.8 

1.96 174.8 148.3 

1.98 176.5 149.8 

2.00 178.3 151.3 

2.02 180.1 152.8 

2.04 181.9 154.3 

2.06 183.7 155.9 

2.08 185.5 157.4 

2.10 187.2 158.9 

2.12 189.0 160.4 

2.14 190.8 161.9 

2.16 192.6 163.4 

2.18 194.4 164.9 

2.20 196.2 166.5 

2.22 197.9 168.0 

2.24 199.7 169.5 

2.26 171.0 
2.28 172.5 

2.30 174.0 

2.32 175.5 

2.34 177.0 

2.36 178.6 

2.38 180.1 

2.40 181.6 

Heavy line indicates Kl!r of 200. 
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Ratio 

65/ fFr 
76/ fFr 
95/ fFr 

106/ jFy- 16.5 

127/ fFr 
141/ jFy- 10 

190/ fFr 
238/ jFy- 10 

238/ jFy- 16.5 

253/ fFr 
317/ jFy- 10 

640/ fFr 
970/ fFr 
1 ,300/Fy 

2,070/Fy 

3,300/Fy 

8,970/Fy 

TABLE 6 
Slenderness Ratios of Elements as a Function of Fy 

From Table 85.1 
Fy (ksi) 

x 6.89 tor N/mm2 

36 42 46 50 60 

10.8 10.0 9.6 9.2 8.4 

12.7 11.7 11.2 10.7 9.8 

15.8 14.7 14.0 13.4 12.3 

24.0 21.0 19.5 18.3 16.1 

21.2 19.6 18.7 18.0 16.4 

27.7 24.9 23.5 22.3 19.9 

31.7 29.3 28.0 26.9 24.5 

46.7 42.1 39.7 37.6 33.7 

53.9 47.1 43.8 41.1 36.1 

42.2 39.0 37.3 35.8 32.7 

62.2 56.0 52.8 50.1 44.8 

107 98.8 94.4 90.5 82.6 

162 150 143 137 125 

36.1 31.0 28.3 26.0 21.7 

57.5 49.3 45.0 41.4 34.5 

91.7 78.6 71.7 66.0 55.0 

249 214 195 179 150 

65 I 

8.1 

9.4 

11.8 

15.2 

15.8 

19.0 

23.6 

32.1 I 

34.2 I 

31.4 

42.7 I 

I 

79.4 

120 

20.0 

31.8 

50.8 

138 
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Mt 
M2 cb 

-1.00 1.00 

-0.95 1.02 

-D.90 1.05 

-0.85 1.07 

-D.80 1.10 

-o.75 1.13 

-0.70 1.16 

-o.65 1.19 

-0.60 1.23 

-0.55 1.26 
-o.50 1.30 

TABLE 7 
Values of Cb 

For Use in Chapters F and G 
Mt 
M2 cb 

-D.45 1.34 

-D.40 1.38 

-D.35 1.42 

-D.30 1.46 

-D.25 1.51 

-D.20 1.55 

-D.15 1.60 

-D.10 1.65 

-o.05 1.70 

0 1.75 

0.05 1.80 

Note 1: Cb = 1.75 + 1.05(M1/M2) + 0.3(Mj/M2)2 s; 2.3 
Note 2: M1 /M2 positive for reverse curvature and negative for single curvature. 

Mt 
M2 cb 

-1.00 1.00 

-D.95 0.98 

-D.90 0.96 

-D.85 0.94 

-0.80 0.92 

-0.75 0.90 

-0.70 0.88 

-0.65 0.86 

-0.60 0.84 

-0.55 0.82 

-0.50 0.80 

Note 1: Cm = 0.6- 0.4(M1/~). 

TABLE 8 
Values of Cm 

For Use in Section H1 
Mt 
M2 cb 

-D.45 0.78 

-D.40 0.76 

-D.35 0.74 

-o.30 0.72 

-D.25 0.70 

-D.20 0.68 

-D.15 0.66 

-D.10 0.64 

-o.05 0.62 

0 0.60 

0.05 0.58 

Note 2: M1/M2 is positive for reverse curvature and negative for single curvature. 
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Mt 
~ cb 

0.10 1.86 

0.15 1.91 

0.20 1.97 

0.25 2.03 

0.30 2.09 

0.35 2.15 

0.40 2.22 

0.45 2.28 

~0.47 2.30 

Mt 
M2 cb 

0.10 0.56 

0.15 0.54 

0.20 0.52 

0.25 0.50 

0.30 0.48 

0.35 0.46 

0.40 0.44 

0.45 0.42 

0.50 0.40 

0.60 0.36 

0.80 0.28 

1.00 0.20 

I 
I 

I 

I 



1994 UNIFORM BUILDING CODE 
CHAP. 22, DIV. VIII 

2249 

TABLE 9 
Values of Pe!Ag 

For Use in Section H1 for Steel of Any Yield Stress 
Pe!Ag Pe!Ag -, Pe!Ag Pe!Ag Pe!Ag Pe!Ag 
(ksi) (ksi) (ksi) (ksi) (ksi) (ksi) 

(x6.89 (x 6.89 (x6.89 (x6.89 (x6.89 (x6.89 
!Sl for !Sl for !Sl for !Sl for !Sl for !Sl for 
r N/mm2) r N/mm2) r N/mm2) r N/mm2) r N/mm2) r N/mm2) 

21 649.02 51 110.04 81 43.62 111 23.23 141 14.40 171 9.79 1 
22 591.36 52 105.85 82 42.57 112 22.82 142 14.19 172 9.67 
23 541.06 53 101.89 83 41.55 113 22.42 143 14.00 173 9.56 
24 496.91 54 98.15 84 40.56 114 22.02 144 13.80 174 9.45 
25 457.95 55 94.62 85 39.62 115 21.64 145 13.61 175 9.35 

26 423.40 56 91.27 86 38.70 116 21.27 146 13.43 176 9.24 
27 392.62 57 88.09 87 37.81 117 20.91 147 13.25 177 9.14 
28 365.07 58 85.08 88 36.96 118 20.56 148 13.07 178 9.03 
29 340.33 59 82.22 89 36.13 119 20.21 149 12.89 179 8.93 
30 318.02 60 79.51 90 35.34 120 19.88 150 12.72 180 8.83 

31 297.83 61 76.92 91 34.56 121 19.55 151 12.55 181 8.74 
32 279.51 62 74.46 92 33.82 122 19.23 152 12.39 182 8.64 
33 262.83 63 72.11 93 33.09 123 18.92 153 12.23 183 8.55 
34 247.59 64 69.88 94 32.39 124 18.61 154 12.07 184 8.45 

35 233.65 65 67.74 95 31.71 125 18.32 155 11.91 185 8.36 

36 220.85 66 65.71 96 31.06 126 18.03 156 11.76 186 8.27 

37 209.07 67 63.76 97 30.42 127 17.75 157 11.61 187 8.18 

38 198.21 68 61.90 98 29.80 128 17.47 158 11.47 188 8.10 

39 188.18 69 60.12 99 29.20 129 17.20 159 11.32 189 8.01 

40 178.89 70 58.41 100 28.62 130 16.94 160 11.18 190 7.93 

41 170.27 71 56.78 101 28.06 131 16.68 161 11.04 191 7.85 

42 162.26 72 55.21 102 27.51 132 16.43 162 10.91 192 7.76 

43 154.80 73 53.71 103 26.98 133 16.18 163 10.77 193 7.68 

44 147.84 74 52.57 104 26.46 134 15.94 164 10.64 194 7.60 

45 141.34 75 50.88 105 25.96 135 15.70 165 10.51 195 7.53 

I 
46 135.26 76 49.55 106 25.47 136 15.47 166 10.39 196 7.45 

47 129.57 77 48.27 107 25.00 137 15.25 167 10.26 197 7.38 

48 124.23 78 47.04 108 24.54 138 15.03 168 10.14 198 7.30 

49 119.21 79 45.86 109 24.09 139 14.81 169 10.02 199 7.23 

50 114.49 80 44.72 110 23.65 140 14.60 170 9.90 200 7.16 

n2E 
Note: P8/Ag = (Kijr') 2 
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TABLE 10-36 

<!>A Vn (ksi) for Plate Girders by Section F2 
w 

For 36 ksi (250 N/mm2) Yield Stress Steel, Tension Field Action Not Included 
(x 6.89 for N/mm2) 

Aspect Ratio a/h: Stiffener Spacing to Web Depth 

lL Over 
lw 0.5 0.6 0.7 0.8 0.9 1.0 1.2 1.4 1.6 1.8 2.0 2.5 3.0 3.0 

60 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 
70 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 

80 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 18.9 18.2 17.9 16.9 

90 19.4 19.4 19.4 19.4 19.4 19.4 19.4 18.5 17.8 17.2 16.8 16.2 15.9 14.7 

100 19.4 19.4 19.4 19.4 19.4 19.2 17.6 16.6 16.0 15.5 14.9 13.8 13.2 11.9 

110 19.4 19.4 19.4 19.4 18.4 17.4 16.0 14.8 13.7 12.8 12.3 11.4 10.9 9.8 
120 19.4 19.4 19.4 18.1 16.9 16.0 14.0 12.5 11.5 10.8 10.3 9.6 9.2 8.3 

130 19.4 19.4 18.2 16.7 15.6 14.1 11.9 10.6 9.8 9.2 8.8 8.2 7.8 7.0 

140 19.4 18.8 16.9 15.5 13.5 12.1 10.3 9.2 8.4 7.9 7.6 7.0 6.7 6.1 

150 19.4 17.6 15.7 13.5 11.8 10.6 8.9 8.0 7.3 6.9 6.6 6.1 5.9 5.3 

160 18.9 16.5 14.1 11.9 10.4 9.3 7.9 7.0 6.5 6.1 5.8 5.4 4.6 

170 17.8 15.5 12.5 10.5 9.2 8.2 7.0 6.5 5.7 5.4 5.1 4.1 

180 16.8 13.9 11.1 9.4 8.2 7.3 6.2 5.5 5.1 4.8 4.6 3.7 

200 14.9 11.2 9.0 7.6 6.6 5.9 5.0 4.5 4.1 3.0 

220 12.3 9.3 7.5 6.3 5.5 4.9 4.2 2.5 

240 10.3 7.8 6.3 5.3 4.6 4.1 2.1 

260 8.8 6.6 5.3 4.5 3.9 3.5 1.8 

280 7.6 5.7 4.6 3.9 

300 6.6 5.0 4.0 

320 5.8 4.4 
- L___ - '-----·--
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<t>A~n (ksi) for Plate Girders by Section F2 Aw 
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For 50 ksi (345 N/mm2) Yield Stress Steel, Tension Field Action Not Included 
(x 6.89 for N/mm2) 

Aspect Ratio a/h: Stiffener Spacing to Web Depth 
11_ Over 
lw 0.5 0.6 0.7 0.8 0.9 1.0 1.2 1.4 1.6 1.8 2.0 2.5 3.0 3.0 

60 27.0 27.0 27.0 27.0 27.0 27.0 27.0 27.0 27.0 270 27.0 27.0 27.0 26.6 
70 27.0 27.0 27.0 27.0 27.0 27.0 27.0 27.0 26.9 26.1 25.5 24.6 24.0 22.8 

80 27.0 27.0 27.0 27.0 27.0 27.0 26.0 24.5 23.5 22.8 22.3 21.5 20.6 18.6 

90 27.0 27.0 27.0 27.0 26.5 25.1 23.1 21.8 20.4 19.2 18.3 17.0 16.3 14.7 

100 27.0 27.0 27.0 25.6 23.9 22.6 20.1 17.9 16.5 15.5 14.9 13.8 13.2 11.9 

110 27.0 27.0 25.3 23.2 21.7 19.6 16.6 14.8 13.7 12.8 12.3 11.4 10.9 9.8 i 

120 27.0 25.9 23.2 21.1 18.4 16.5 14.0 12.5 11.5 10.8 10.3 9.6 9.2 8.3 1 

130 27.0 23.9 21.4 18.0 15.7 14.1 11.9 10.6 9.8 9.2 8.8 8.2 7.8 7.0 1 

140 25.5 22.2 18.4 15.5 13.5 12.1 10.3 9.2 8.4 7.9 7.6 7.0 6.7 6.1 I 

150 23.8 19.9 16.1 13.5 11.8 10.6 8.9 8.0 7.3 6.9 6.6 6.1 5.9 5.3 

160 22.3 17.5 14.1 11.9 10.4 9.3 7.9 7.0 6.5 6.1 5.8 5.4 4.6 

170 20.6 15.5 12.5 10.5 9.2 8.2 7.0 6.2 5.7 5.4 5.1 4.1 

180 18.3 13.9 11.1 9.4 8.2 7.3 6.2 5.5 5.1 4.8 4.6 3.7 

200 14.9 11.2 9.0 7.6 6.6 5.9 5.0 4.5 4.1 3.0 

220 12.3 9.3 7.5 6.3 5.5 4.9 4.2 2.5 

240 10.3 7.8 6.3 5.3 4.6 4.1 2.1 

260 8.8 6.6 5.3 4.5 3.9 3.5 

280 7.6 5.7 4.6 3.9 
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TABLE 11-36 

<l>A~n (ksi [N/mm2]) for Plate Girders by Appendix G 

For 36 ksi (250 N/mm2) Yield Stress Steel, Tension Field Action lncludedb (Italic 
values indicate gross area, as percent of (h x fw) required for pairs of intermediate 

stiffeners of 36 ksi (250 N/mm2) yield stress steel with Vu 1<1> Vn = 1.o.)a 
(x 6.89 for N/mm2) 

Aspect Ratio alh: Stiffener Spacing to Web Depth 

_iL Over 
fw 0.5 0.6 0.7 0.8 0.9 1.0 1.2 1.4 1.6 1.8 2.0 2.5 3.0 3.0° 

60 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 

70 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 

80 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.1 18.6 18.3 16.9 

90 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.0 18.5 18.2 17.8 17.3 16.8 14.7 

100 19.4 19.4 19.4 19.4 19.4 19.3 18.6 18.1 17.6 17.2 16.6 15.6 14.9 11.9 

110 19.4 19.4 19.4 19.4 19.1 18.7 17.9 17.2 16.3 15.6 15.1 14.0 13.3 9.8 

120 19.4 19.4 19.4 19.0 18.5 18.1 17.0 16.0 15.1 14.4 13.9 12.8 12.0 8.3 

130 19.4 19.4 19.1 18.6 18.1 17.4 16.1 15.1 14.2 13.5 12.9 11.8 11.0 7.0 

140 19.4 19.3 18.7 18.2 17.4 16.6 15.4 14.4 13.5 12.8 12.2 11.0 10.2 6.1 

150 19.4 19.0 18.4 17.5 16.7 16.0 14.8 13.8 12.9 12.2 11.6 10.4 9.6 5.3 

160 19.3 18.7 17.9 17.0 16.2 15.5 14.3 13.3 12.4 11.7 11.1 9.9 4.6 

170 19.1 18.4 17.4 16.6 15.8 15.1 13.9 12.9 12.0 11.3 10.7 4.1 
0.3 0.4 

180 18.9 18.0 17.1 16.2 15.5 14.8 13.6 12.6 11.7 11.0 10.4 3.7 
0.2 0.7 1.1 1.3 1.5 

200 18.4 17.3 16.4 15.6 14.9 14.2 13.1 12.0 11.2 3.0 
0.1 0.9 1.4 2.1 2.5 2.8 

220 17.8 16.9 16.0 15.2 14.5 13.8 12.7 2.5 
1.1 2.0 2.6 3.0 3.6 

240 17.4 16.5 15.7 14.9 14.2 13.5 2.1 
1.5 2.7 3.4 3.9 4.3 

260 17.1 16.2 15.4 14.6 14.0 13.3 1.8 
1.3 3.0 4.0 4.6 5.0 5.4 

280 16.8 16.0 15.2 14.4 
2.7 4.2 5.0 5.6 

300 16.6 15.8 15.0 
3.9 5.2 5.9 

320 16.4 15.6 
4.9 6.0 

aFar area of single-angle and single-plate stiffeners, or when Vu 1$ Vn < 1.0, see Formula A-G4-2. 
bFor end-panels and all panels in hybrid and web-tapered plate girders use Table 10-36. 
0Same as for Table 10-36. 
Note: Girders so proportioned that the computed shear is less than that given in right-hand column do not require 

intermediate stiffeners. 
--
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TABLE 11-50 

CHAP. 22, DIV. VIII 
2249 

<I>A Vn (ksi [N/mm2]) for Plate Girders by Appendix G 
w 

For 50 ksi (345 N/mm2) Yield Stress Steel, Tension Field Action lncludedb (Italic 
values indicate gross area, as percent of (h x tw) required for pairs of intermediate 

stiffeners of 50 ksi (345 N/mm2) yield stress steel with Vul<\l Vn = 1.0. )a 
(x 6.89 for N/mm2) 

Aspect Ratio alh: Stiffener Spacing to Web Depth 

_}]_ Over 
fw 0.5 0.6 0.7 0.8 0.9 1.0 1.2 1.4 1.6 1.8 2.0 2.5 3.0 3.0" 

60 27.0 27.0 27.0 27.0 27.0 27.0 27.0 27.0 27.0 27.0 27.0 2.7.0 '2.."LQ 26_.6_ 

70 27.0 27.0 27.0 27.0 27.0 27.0 27.0 27.0 26.9 26.5 26.1 25.4 24.9 22.8 

80 27.0 27.0 27.0 27.0 27.0 27.0 26.5 25.8 25.1 24.6 24.1 23.3 22.4 18.6 

90 27.0 27.0 27.0 27.0 26.8 26.3 25.3 24.4 23.4 22.5 21.7 20.2 19.2 14.7 

100 27.0 27.0 27.0 26.5 25.9 25.3 24.0 22.5 21.4 20.4 19.6 18.0 17.0 11.9 

110 27.0 27.0 26.5 25.8 25.1 24.2 22.4 21.0 19.8 18.8 18.0 16.4 15.3 9.8 

120 27.0 26.7 25.9 25.1 24.0 23.0 21.2 19.8 18.6 17.6 16.8 15.2 14.1 8.3 

130 27.0 26.2 25.4 24.1 23.0 22.0 20.3 18.9 17.7 16.7 15.9 14.2 13.1 7.0 

140 26.7 25.8 24.5 23.3 22.2 21.3 19.6 18.2 17.0 16.0 15.1 13.5 12.3 6.1 

150 26.3 25.2 23.9 22.7 21.6 20.7 19.0 17.6 16.4 15.4 14.5 12.9 11.7 5.3 

160 26.0 24.6 23.3 22.2 21.1 20.2 18.5 17.1 15.9 14.9 14.0 12.4 4.6 
0.2 0.4 0.5 0.8 

170 25.6 24.1 22.8 21.7 20.7 19.8 18.1 16.7 15.5 14.5 13.6 4.1 
0.5 1.0 1.2 1.4 1.6 

100 25.1 23.7 22.4 21.3 20.3 19.4 17.8 16.4 15.2 14.2 13.3 3.7 
0.4 0.9 1.5 1.9 2.2 2.3 2.5 

200 24.3 23.0 21.8 20.8 19.8 18.9 17.3 15.9 14.7 3.0 
1.0 1.8 2.3 2.7 3.2 3.5 3.7 

220 23.7 22.5 21.4 20.4 19.4 18.5 16.9 2.5 
1.7 2.7 3.3 3.8 4.1 4.5 

240 23.2 22.1 21.0 20.0 19.1 18.2 2.1 
1.8 3.2 4.0 4.6 4.9 5.2 

260 23.0 21.8 20.8 19.8 18.8 18.0 
3.2 4.4 5.1 5.6 5.9 6.1 

280 22.7 21.6 20.6 19.6 
4.4 5.4 6.0 6.4 

a For area of single-angle and single-plate stiffeners, or when Vu!$ Vn < 1.0, see Formula A-G4-2. 
bfor end-panels and all panels in hybrid and web-tapered plate girders use Table 10-50. 
csame as for Table 1 0-50. 
Note: Girders so proportioned that the computed shear is less than that given in right-hand column do not require 

intermediate stiffeners. 
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TABLE 12 
Nominal Horizontal Shear Load for One Connector On. kipsa 

From Formulas 15-1 and 15-2 
(x 4.45 for N) 

Specified Compressive Strength 
of Concrete, f'c ksid 

Connector!> x 6.89 for N/mm2 

x25.4formm 3.0 3.5 

112-in. dia. x 2-in. hooked or headed stud 9.4 10.5 

Sfs-in. dia. x 21/2-in. hooked or headed stud 14.6 16.4 

3f4-in. dia. x 3-in. hooked or headed stud 21.0 23.6 

7t8-in. dia. x 31/2-in. hooked or headed stud 28.6 32.1 

Channel C3 x 4.1 10.21..cc 11.5LcC 

Channel C4 x 5.4 11.1LcC 12.41..cC 

Channel C5 x 6. 7 11.91..cC 13.3l..cC 

"Applicable only to concrete made with C33 aggregates. 
bThe design horizontal loads tabulated may also be used for studs longer than shown. 
0 Lc = length of channel, inches. 
dFu > 0.5(f'cw)·75, W= 1451bs./cu. ft. 

-- --

TABLE 13 
Coefficients for Use with Concrete Made with C330 Aggregates 

to Adjust Values from Table 12 for Lightweight Concrete 

Specified Compressive 
Air Dry Unit Weight of Concrete, pel 

Strength of Concrete( f 'c) x 16 for kgfm3 

x 6.89 for N/mm2 90 95 100 105 110 115 

4.0 ksi 0.73 0.76 0.78 0.81 0.83 0.86 
5.0 ksi 0.82 0.85 0.87 0.91 0.93 0.96 
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4.0 

11.6 

18.1 

26.1 

35.5 

12.71..cC 

13.8LcC 

14.71..cC 

120 

0.88 
0.99 

I 
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2250-2251 

Division IX-DESIGN STANDARD FOR ALLOWABLE STRESS DESIGN AND 
PLASTIC DESIGN FOR STRUCTURAL STEEL BUILDINGS 

Based on Specification for Structural Steel Buildings Allowabh! Stress Design 
and Plastic Design of the American Institute of Steel Construction, Inc. 

(June 1, 1989) 

Section 2250 of this division contains the exceptions to the referenced specification. Section 
2251 of this division is "Allowable Stress Design and Plastic Design for Structural Buildings" re­
produced with permission of the publisher. 

SECTION 2250 - SCOPE 

Except for the limitations, deletions, modifications or amendments set forth in this section, build­
ings or structures may be designed in accordance with Section 2251 of this division. When other 
codes, standards or specifications are referred to in this standard, they are to be considered as only 
an indication of an acceptable method or material that can be used with the approval of the building 
official. Part II of this standard is amended as follows: 

1. Sec. Al. Modify as follows: 
This standard is intended as an alternative to Division VIII. 

2. Sec. A2.1. Modify the last sentence as follows: 
For the design of cold-formed steel structural members, whose profiles contain rounded 
comers and slender flat elements, the provisions of Division V shall apply. 

3. Sec. A4. Modify as follows: 
The nominal loads shall be the minimum design loads required by the code. 

4. Sees. A4.1, A4.4 and A4.5. Delete. 

SECTION 2251 - ADOPTION 

Reproduced with permission from the American Institute of Steel Construction, I East Wacker 
Drive, Suite 3100, Chicago, Illinois 60601. Persons desiring to reprint in whole or in part any por­
tion of this specification must secure permission from the American Institute c,f Steel Construction, 
Inc. 

TABLE OF CONTENTS 

A. GENERAL PROVISIONS 
Al. Scope (Modified per Part I) 

A2. Limits of Applicability 
I. Structural Steel Defined (Modified per Part I) 

2. Types of Construction 
A3. Material 

I. Structural Steel 
2. Steel Castings and Forgings 

3. Rivets 

4. Bolts, Washers and Nuts 
5. Anchor Bolts and Threaded Rods 

6. Filler Metal and Flux for Welding 

7. Stud Shear Connectors 
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A4. Loads and Forces (Modified per Part I) 
1. Dead Load and Live Load (Deleted per Part I) 
2. Impact 
3. Crane Runway Horizontal Forces 
4. Wind (Deleted per Part I) 
5. Other Forces (Deleted per Part I) 

AS. Design Basis 
1. Allowable Stresses 
2. Wind and Seismic Stresses 
3. Structural Analysis 
4. Design for Serviceability and Other Considerations 

A6. Referenced Codes and Standards 
A 7. Design Documents 

I. Plans 
2. Standard Symbols and Nomenclature 
3. Notation for Welding 

B. DESIGN REQUIREMENTS 
Bl. Gross Area 
B2. NetArea 
B3. Effective Net Area 
B4. Stability 
BS. Local Buckling 

1. Classification of Steel Sections 
2. Slender Compression Elements (Deleted per Part I) 

B6. Rotational Restraint at Points of Support 
B7. Limiting Slenderness Ratios 
B8. Simple Spans 
B9. End Restraint 
BlO. Proportions of Beams and Girders 
BU. Proportioning of Crane Girders 

C. FRAMES AND OTHER STRUCTURES 
Cl. General 
C2. Frame Stability 

1. Braced Frames 
2. Unbraced Frames 

D. TENSION MEMBERS 
Dl. Allowable Stress 
D2. Built-up Members 
D3. Pin-connected Members 

1. Allowable Stress 
2. Pin-connected Plates 
3. Eyebars 
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E. COLUMNS AND OTHER COMPRESSION MEMBERS 
El. Effective Length and Slenderness Ratio 
E2. Allowable Stress 
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E3. Flexural-torsional Buckling 
E4. Built-up Members 
ES. Pin-connected Compression Members 
E6. Column Web Shear 

F. BEAMS AND OTHER FLEXURAL MEMBERS 
Fl. Allowable Stress: Strong Axis Bending of 1-shaped Members and Channels 

1. Members with Compact Sections 
2. Members with Noncompact Sections 
3. Members with Compact or Noncompact Sections with Unbraced Length Greater 

than4 
F2. Allowable Stress: Weak Axis Bending of 1-shaped Members, Solid Bars and Rect­

angular Plates 
I. Members with Compact Sections 
2. Members with Noncompact Sections 

F3. Allowable Stress: Bending of Box Members, Rectangular Thbes and Circular 
Thbes 
I. Members with Compact Sections 
2. Members with Noncompact Sections 

F4. Allowable Shear Stress 
FS. Transverse Stiffeners 
F6. Built-up Members 
F7. Web-tapered Members (Deleted per Part I) 

G. PLATE GIRDERS 
G 1. Web Slenderness Limitations 
G2. Allowable Bending Stress 
G3. Allowable Shear Stress with Tension Field Action 
G4. Transverse Stiffeners 
GS. Combined Shear and Tension Stress 

H. COMBINED STRESSES 
Hl. Axial Compression and Bending 
H2. Axial Tension and Bending 

I. COMPOSITE CONSTRUCTION 
11. Definition 
12. Design Assumptions 
13. End Shear 
14. Shear Connectors 
15. Composite Beams or Girders with Formed Steel Deck 

1. General 
2. Deck Ribs Oriented Perpendicular to Steel Beam or Girder 
3. Deck Ribs Oriented Parallel to Steel Beam or Girder 

16. Special Cases 

J. CONNECTIONS, JOINTS AND FASTENERS 
Jl. General Provisions 

1. Design Basis 
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2. Simple Connections 
3. Moment Connections 
4. Compression Members with Bearing Joints 

1994 UNIFORM B lJILDING CODE 

5. Connections of Tension and Compression Members in Trusses 
6. Minimum Connections 
7. Splices in Heavy Sections 
8. Beam Copes and Weld Access Holes 
9. Placement of Welds, Bolts and Rivets 

I 0. Bolts in Combination with Welds 
11. High-strength Bolts in Slip-critical Connections in Combination wit~ Rivets 
12. Limitations on Bolted and Welded Connections 

J2. Welds 
1. Groove Welds 
2. Fillet Welds 
3. Plug and Slot Welds 
4. Allowable Stresses 
5. Combination of Welds 
6. Mixed Weld Metal 
7. Preheat for Heavy Shapes 

J3. Bolts, Threaded Parts and Rivets 
1. High-strength Bolts 
2. Size and Use of Holes 
3. Effective Bearing Area 
4. Allowable Tension and Shear 
5. Combined Tension and Shear in Bearing-type Connections 
6. Combined Tension and Shear in Slip-critical Joints 
7. Allowable Bearing at Bolt Holes 
8. Minimum Spacing 
9. Minimum Edge Distance 
10. Maximum Edge Distance and Spacing 
11. Long Grips 

J4. Allowable Shear Rupture 
JS. Connecting Elements 

I. Eccentric Connections 
2. Allowable Shear Rupture 

J6. Fillers 
J7. Splices 
JS. Allowable Bearing Stress 
J9. Column Bases and Bearing on Masonry and Concrete 
JlO. Anchor Bolts 

K. SPECIAL DESIGN CONSIDERATIONS 
Kl. Webs and Flanges under Concentrated Forces 

1. Design Basis 
2. Local Flange Bending 
3. Local Web Yielding 
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4. Web Crippling 
5. Sidesway Web Buckling 
6. Compression Buckling of the Web 
7. Compression Members with Web Panels Subject to High Shear 
8. Stiffener Requirements for Concentrated Loads 

K2. Ponding 
K3. Torsion 
K4. Fatigue 

L. SERVICEABILITY DESIGN CONSIDERATIONS 
Ll. Camber 
L2. Expansion and Contraction 
L3. Deflection, Vibration and Drift 

1. Deflection 
2. Vibration 

L4. Connection Slip (see Section J3) 
LS. Corrosion 

M. FABRICATION, ERECTION AND QUALITY CONTROL 
Ml. Shop Drawings 
M2. Fabrication 

1. Cambering, Curving and Straightening 
2. Thermal Cutting 
3. Planing of Edges 
4. Welded Construction 
5. High-strength Bolted Construction-Assembly 
6. Compression Joints 
7. Dimensional Tolerances 
8. Finishing of Column Bases 

M3. Shop Painting 
1. General Requirements 
2. Inaccessible Surfaces 
3. Contact Surfaces 
4. Finished Surfaces 
5. Surfaces Adjacent to Field Welds 

M4. Erection 
1. Alignment of Column Bases 
2. Bracing 
3. Alignment 
4. Fit of Column Compression Joints 
5. Field Welding 
6. Field Painting 
7. Field Connections 

MS. Quality Control 
1. Cooperation 
2. Rejections 
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3. Inspection of Welding 
4. Inspection of Slip-critical, High-strength Bolted Connections 
5. Identification of Steel 

N. PLASTIC DESIGN 
Nl. Scope 
N2. Structural Steel 
N3. Basis for Maximum Strength Determination 

1. Stability of Braced Frames 
2. Stability of Unbraced Frames 

N4. Columns 
NS. Shear 
N6. Web Crippling 
N7. Minimum Thickness (Width-thickness Ratios) 
NS. Connections 
N9. Lateral-Bracing 
NlO. Fabrication 

APPENDICES 

B. DESIGN REQUIREMENTS 
BS. Local Buckling 

2. Slender Compression Elements 

F. BEAMS AND OTHER FLEXURAL MEMBERS 
F7. Web-tapered Members 

1. General Requirements 
2. Allowable Tensile Stress 
3. Allowable Compressive Stress 
4. Allowable Flexural Stress 
5. Allowable Shear 
6. Combined Flexure and Axial Force 

K. STRENGTH DESIGN CONSIDERATIONS 
K4. Fatigue 

1. Loading Conditions; Type and Location of Material 
2. Allowable Stress Range 
3. Tensile Fatigue 

NUMERICAL VALUES 

SYMBOL 
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A1. SCOPE 

Modified-See Part I. 

CHAPTER A 

GENERAL PROVISIONS 

A2. LIMITS OF APPLICABILITY 
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l. Structural Steel Defined. As used in this Specification, the term structural steel refers to the 
steel elements of the structural steel frame essential to the support of the de:;ign loads. Such ele­
ments are generally enumerated in Section 2.I of the AISC Code of Standard Practice for Steel 
Buildings and Bridges. For the design of cold-formed carbon or low-alloy steel structural members, I 
profiles of which contain rounded comers and slender flat elements, the provisions of Chapter 22, 
Divisions V and X shall apply. 

2. Types of Construction. Three basic types of construction and associated design assumptions 
are permissible under the respective conditions stated herein, and each will govern in a specific 
manner the size of members and the types and strength of their connections: 

Type 1, commonly designated as "rigid-frame" (continuous frame), assumes that beam-to-col­
umn connections have sufficient rigidity to hold virtually unchanged the original angles between 
intersecting members. 

Type 2, commonly designated as "simple framing" (unrestrained, free-ended), assumes that, in­
sofar as gravity loading is concerned, ends of beams and girders are connected :Or shear only and are 
free to rotate under gravity load. 

Type 3, commonly designated as "semi-rigid framing" (partially restrained), assumes that the 
connections of beams and girders possess a dependable and known moment capacity intermediate 
in degree between the rigidity of Type 1 and the flexibility of Type 2. 

The design of all connections shall be consistent with the assumptions as to type of construction 
called for on the design drawings. 

Type I construction is unconditionally permitted under this Specification. Two different methods 
of design are recognized. Within the limitations laid down in Section N1, mfmbers of continuous 
frames or continuous portions of frames may be proportioned, on the basis of their maximum pre­
dictable strength, to resist the specified design loads multiplied by the prescribed load factors. 
Otherwise, Type I construction shall be designed, within the limitations of Chapters A through M, 
to resist the stresses produced by the specified design loads, assuming moment distribution in ac­
cordance with the elastic theory. 

Type 2 construction is permitted under this Specification, subject to the stipulations of the follow­
ing paragraph, wherever applicable. 

In buildings designed as Type 2 construction (i.e., with beam-to-column connections other than 
wind connections assumed flexible under gravity loading) the wind momen':s may be distributed 
among selected joints of the frame, provided: 

1. Connections and connected members have adequate capacity to resist wind moments. 

2. Girders are adequate to carry full gravity load as "simple beams." 

3. Connections have adequate inelastic rotation capacity to avoid overstress of the fasteners or 
welds under combined gravity and wind loading. 

Type 3 (semirigid) construction is permitted upon evidence the connection:; to be used are capa­
ble of furnishing, as a minimum, a predictable proportion of full end restraint. The proportioning of 
main members joined by such connections shall be predicated upon no greEter degree of end re­
straint than this minimum. 
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Types 2 and 3 construction may necessitate some nonelastic, but self-limiting, d::formation of a 
structural steel part. 

A3. MATERIAL 

1. Structural Steel. a. ASTM designations. Material conforming to one of the following stan­
dard specifications is approved for use under this Specification: 

A 36, A 53 (Grade B), A 242, A 441, A 500, A 501, A 514, A 529, A 570 (Grade 40,45 and 50), 
A 572, A588, A 606, A 607, A 618, A 709 and A 852. 

Certified mill test reports or certified reports of tests made by the fabricator or a testing laboratory 
in accordance with ASTM A 6 or A 568, as applicable, and the governing specification shall consti­
tute sufficient evidence of conformity with one of the above ASTM standards. Additionally, the 
fabricator shall, if requested, provide an affidavit stating the structural steel fumish::d meets there­
quirements of the grade specified. 

b. Unidentified steel. Unidentified steel, if free from surface imperfections, is permitted for parts 
of minor importance, or for unimportant details, where the precise physical properties of the steel 
and its weldability would not affect the strength of the structure. 

c. Heavy shapes. For A 6 Groups 4 and 5 rolled shapes to be used as members subject to primary 
tensile stresses due to tension or flexure, toughness need not be specified if splices a:e made by bolt­
ing. If such members are spliced using full penetration welds, the steel shall be specified in the con­
tract documents to be supplied with Charpy V-Notch testing in accordance with ASTM A 6, 
Supplementary Requirement S5. The impact test shall meet a minimum average value of 20 ft-lbs. 
(188.3 N·mm) absorbed energy at 70°F. (21 °C.) and shall be conducted in accorda1ce with ASTM 
A 673 with the following exceptions: 

a. The center longitudinal axis of the specimens shall be located as near as practical to midway 
between the inner flange surface and the center of the flange thickness at the intersection with the 
web mid-thickness. 
b. Tests shall be conducted by the producer on material selected from a location representing the 
top of each ingot or part of an ingot used to produce the product represented by these tests. 
For plates exceeding 2 inches (51 mm) thick used for built-up members with bolted splices and 

subject to primary tensile stresses due to tension or flexure, material toughness need not be speci­
fied. If such members are spliced using full penetration welds, the steel shall be specified in the 
contract documents to be supplied with Charpy V-Notch testing in accordance with ASTM A 6, 
Supplementary Requirement S5. The impact test shall be conducted by the produc,~r in accordance 
with ASTM A 673, Frequency P, and shall meet a minimum average value of 20 ft- .bs. (183 N·mm) 
absorbed energy at + 70°F. (21 °C. ). 

The above supplementary toughness requirements shall also be considered for -welded full-pene­
tration joints other than splices in heavy rolled and built-up members subject to primary tensile 
stresses. 

Additional requirements for joints in heavy rolled and built-up members are gwen in Sections 
11.7, 11.8, 12.6, 12.7 and M2.2. 

2. Steel Castings and Forgings. Cast steel shall conform to one of the following standard speci-
fications: 

A27, Grade 65-36 and A148 Grade 80-50. 

Steel forgings shall conform to the following standard specification: 

A668 

Certified test reports shall constitute sufficient evidence of conformity with th~ standards. 

Allowable stresses shall be the same as those provided for other steels, where applicable. 
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3. Rivets. Steel rivets shall conform to the following standard specification: 

A502 
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Manufacturer's certification shall constitute sufficient evidence of conformity with the standard. 

4. Bolts, Washers and Nuts. Steel bolts shall conform to one of the followir g standard specifica-
tions: 

A307, A325, A449, A490, A563 and F436. 

A449 bolts are permitted only in connections requiring bolt diameters greater than 11h inches (38 
mm) and shall not be used in slip-critical connections. 

Manufacturer's certification shall constitute sufficient evidence of conformity with the stan­
dards. 

5. Anchor Bolts and Threaded Rods. Anchor bolt and threaded rod steel shall conform to one of 
the following standard specifications: 

Structural Steel, ASTM A 36 

A36, A194, Grade 7, A354, A449, A572, A588 and A687. 

Threads on bolts and rods shall conform to Unified Standard Series of ANSI B 18.1-72 and shall 
have Class 2A tolerances. 

Steel bolts conforming to other provisions of Section A3 are permitted as anchor bolts. A449 ma­
terial is acceptable for high-strength anchor bolts and threaded rods of any diameter. 

Manufacturer's certification shall constitute sufficient evidence of conformity with the stan­
dards. 

6. Filler Metal and Flux for Welding. Welding electrodes and fluxes shall ,;on form to one of the 
following specifications of the American Welding Society*: 

A5.1, A5.5, A5.17, A5.18, A5.20, A5.23, A5.28 and A5.29. 

Manufacturer's certification shall constitute sufficient evidence of conformity with the stan­
dards. 

7. Stud Shear Connectors. Steel stud shear connectors shall conform to the requirement of the 
AWS Structural Welding Code-Steel, D1.1. 

Manufacturer's certification shall constitute sufficient evidence of conformity with the code. 

A4. LOADS AND FORCES 

Modified. See Part I. 

The nominal loads shall be the minimum design loads required by the code. 

1. Dead Load and Live Load. Deleted per Part I. 

2. Impact. For structures carrying live loads** which induce impact, the a~sumed live load shall 
be increased sufficiently to provide for same. 

If not otherwise specified, the increase shall not be less than: 

For supports of elevators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100% 
For cab-operated traveling crane support girders and their connections . . . . . . . . . . . . 25% 
For pendant-operated traveling crane support girders and their connect tons ........ 10% 
For supports of light machinery, shaft or motor driven . . . . . . . . . . . . . . . . . . . . . . . . . 20% 

*Approval of these welding electrode specifications is given without regard to weld metal notch toughness require­
ments, which are generally not critical for building construction. 

**Live loads on crane support girders shall be taken as the maximum crane wheel loads. 
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For supports of reciprocating machinery or power driven units . . . . . . . . . . . . . . . . . . 50% 
For hangers supporting floors and balconies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33% 

3. Crane Runway Horizontal Forces. The lateral force on crane runways to provide for the ef­
fect of moving crane trolleys shall not be less than 20 percent of the sum of weights of the lifted load 
and of the crane trolley, but exclusive of other parts of the crane. The force shall b~ assumed to be 
applied at the top of the rails, acting in either direction normal to the runway rails, and shall be dis­
tributed with due regard for lateral stiffness of the structure supporting the rails. 

The longitudinal tractive force shall not be less than 10 percent of the maximum wheel loads of 
the crane applied at the top of the rail, unless otherwise specified. 

The crane runway shall also be designed for crane stop forces. 

4. Wind. Deleted per Part I. 

5. Other Forces. Deleted per Part I. 

AS. DESIGN BASIS 

1. Allowable Stresses. Except as provided in Chapter N, all structural members, connections and 
connectors shall be proportioned so the stresses due to the working loads do not eJ;ceed the allow­
able stresses specified in Chapters D through K. The allowable stresses specified in these chapters 
do not apply to peak stresses in regions of connections (see also Section B9), provided requirements 
of Chapter K are satisfied. 

For provisions pertaining to plastic design, refer to Chapter N. 

2. Wind and Seismic Stresses. Allowable stresses may be increased one third ~lbove the values 
otherwise provided when produced by wind or seismic loading, acting alone or in combination with 
the design dead and live loads, provided the required section computed on this basi; is not less than 
that required for the design dead and live load and impact (if any) computed without the one third 
stress increase, and further provided that stresses are not otherwise required to be calculated on the 
basis of reduction factors applied to design loads in combinations. 

3. Structural Analysis. The stresses in members, connections and connector:; shall be deter­
mined by structural analysis for the loads defined in Section A4. Selection of the method of analysis 
is the prerogative of the responsible engineer. 

4. Design for Serviceability and Other Considerations. The overall structure and the individu­
al members, connections and connectors shall be checked for serviceability in accordance with 
Chapter L. 

A6. REFERENCED CODES AND STANDARDS 

Where codes and standards are referenced in this Specification, the editions of the following 
listed adoption dates are intended: 

American Institute for Steel Construction 

Code of Standard Practice for Steel Buildings and Bridges, 1986. 

American National Standards Institute 

B18.1-72 
A58.1-82 

American Society for Testing and Materials 

A 6-87d A 27-87 
A 53-88 A 148-84 
A 307-86a A 325-86 
A 441-85 A 449-87 

2-662 

A 36-87 
A 242-87 
A 354-86 
A 490-85 



1994 UNIFORM BUILDING CODE 

A 500-84 
A 529-85 
A 572-85 
A 607-85 
A 687-84 
F 436-86 
A 852-85 

American Welding Society 

Dl.l-88 
A5.17-80 
A5.23-80 

A 501-84 
A 563-84 
A 588-87 
A 618-84 
c 33-86 
A 502-83A 

AS.l-81 
A5.18-79 
A5.28-79 

Research Council on Structural Connections 

A 514-87a 
A 570-85 
A 606-85 
A 668-85a 
c 330-87 
A 709-87b 

A5.5-81 
A5.20-79 
A5.29-80 

Specification for Structural Joints Using ASTM A325 or A490 Bolts, 198:~. 

A7. DESIGN DOCUMENTS 
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1. Plans. The design plans shall show a complete design with sizes, sectic•ns and relative loca­
tions of the various members. Floor levels, column centers and offsets shall be dimensioned. Draw­
ings shall be drawn to a scale large enough to show the information clearly. 

Design documents shall indicate the type or types of construction as defined in Section A2.2 and 
shall include the loads and design requirements necessary for preparation of shop drawings includ­
ing shears, moments and axial forces to be resisted by all members and their connections. 

Where joints are to be assembled with high-strength bolts, design documents shall indicate the 
connection type (slip-critical, tension or bearing). 

Camber of trusses, beams and girders, if required, shall be called for in the d~sign documents. The 
requirements for stiffeners and bracing shall be shown on the design documents. 

2. Standard Symbols and Nomenclature. Welding and inspection symbols used on plans and 
shop drawings shall preferably be the American Welding Society symbols. Ot1er adequate welding 
symbols are permitted, provided a complete explanation thereof is shown in the design documents. 

3. Notation for Welding. Notes shall be made in the design documents and on the shop drawings 
of those joints or groups of joints in which the welding sequence and technique of welding shall be 
carefully controlled to minimize distortion. 

Weld lengths called for in the design documents and on the shop drawings >hall be the net effec­
tive lengths. 

CHAPTER B 

DESIGN REQUIREMENTS 

This chapter contains provisions which are common to the Specification as a whole. 

81. GROSS AREA 

The gross area of a member at any point shall be determined by summing the products of the 
thickness and the gross width of each element as measured normal to the axis of the member. 

For angles, the gross width shall be the sum of the widths of the legs less the thickness. 

82. NET AREA 

The net area, An, of a member is the sum of the products of the thickness anc the net width of each 
element computed as follows: 
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The width of a bolt or rivet hole shall be taken as lf 16 inch (1.6 mm) greater than the nominal 
dimension of the hole. 

For a chain of holes extending across a part in any diagonal or zigzag line, the net width of the part 
shall be obtained by deducting from the gross width the sum of the diameters or slc't dimensions as 
provided in Section 13.2, of all holes in the chain, and adding, for each gage space in the chain, the 
quantity 

WHERE: 
s = longitudinal center-to-center spacing (pitch) of any two consecutive holes, in. (mm) 

g = transverse center-to-center spacing (gage) between fastener gage lines, n. (mm) 
For angles, the gage for holes in opposite adjacent legs shall be the sum of the gages from the back 

of the angles less the thickness. 

The critical net area, An, of the part is obtained from that chain which gives the least net width. 

In determining the net area across plug or slot welds, the weld metal shall not te considered as 
adding to the net area. 

83. EFFECTIVE NET AREA 

When the load is transmitted directly to each of the cross-sectional elements by connectors, the 
effective net area, A.,, is equal to the net area An. 

When the load is transmitted by bolts or rivets through some but not all of the cross-sectional 
elements of the member, the effective net area, A.,, shall be computed as: 

Ae = UAn (B3-l) 
WHERE: 

An = net area of the member, in.2 (mm2) 

U = reduction coefficient 
When the load is transmitted by welds through some but not all of the cross-sectional elements of 

the member, the effective net area, A.,, shall be computed as: 

Ae = UAg (B3-2) 
WHERE: 

Ag = gross area of member, in.2 (mm2) 

Unless a larger coefficient is justified by tests or other criteria, the following values of U shall be 
used: 

a. W, M or S shapes with flange widths not less than two thirds the depth, and s1ructural tees cut 
from these shapes, provided the connection is to the flanges. Bolted or riveted c::mnections shall 
have no fewer than three fasteners per line in the direction of stress ............. U = 0.90 
b. W, M or S shapes not meeting the conditions of Subparagraph a, structural tef:s cut from these 
shapes and all other shapes, including built-up cross sections. Bolted or riveted connections shall 
have no fewer than three fasteners per line in the direction of stress . . . . . . . . . . . . . U = 0.85 
c. All members with bolted or riveted connections having only two fasteners per line in the di-
rection of stress ...................................................... U = 0.75 
When load is transmitted by transverse welds to some but not all of the cross- se~tional elements 

of W, M or S shapes and structural tees cut from these shapes, A.,, shall be taken as the area of the 
directly connected elements. 

When the load is transmitted to a plate by longitudinal welds along both edges at the end of the 
plate, the length of the welds shall not be less than the width of the plate. The effec1ive net area, A.,, 
shall be computed by Equation (B3-2). 
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Unless a larger coefficient can be justified by tests or other criteria, the following values of U 
shall be used: 

a. When l> 2w ...................................................... U = 1.0 
b. When 2w> I> 1.5w ................................................. U = 0.87 
c. When 1.5w> l>w ................................................... U= 0.75 

WHERE: 
l = weld length, in. (mm) 

w = plate width (distance between welds), in. (mm) 
Bolted and riveted splice and gusset plates and other connection fittings subject to tensile force 

shall be designed in accordance with the provisions of Section Dl, where the effective net area shall 
be taken as the actual net area, except that, for the purpose of design calculations, it shall not be 
taken as greater than 85 percent of the gross area. 

B4. STABILITY 
General stability shall be provided for the structure as a whole and for each wmpression element. 

Consideration shall be given to significant load effects resulting from the deflected shape of the 
structure or of individual elements of the lateral load resisting system, including effects on beams, 
columns, bracing, connections and shear walls. 

BS. LOCAL BUCKLING 

1. Classification of Steel Sections. Steel sections are classified as comp:1ct, noncompact and 
slender element sections. For a section to qualify as compact, its flanges must be continuously con­
nected to the web or webs and the width-thickness ratios of its compression elements must not ex­
ceed the applicable limiting width-thickness ratios from Table B5.1. Steel sections that do not 
qualify as compact are classified as noncom pact if the width-thickness ratios of the compression 
elements do not exceed the values shown for noncom pact in Table B5.1. If the width-thickness ra­
tios of any compression element exceed the latter applicable value, the section is classified as a slen­
der element section. 

For unstiffened elements which are supported along only one edge, parallel to the direction of the 
compression force, the width shall be taken as follows: 

a. For flanges of !-shaped members and tees, the width b is half the full nominal width. 
b. For legs of angles and flanges of channels and zees, the width b is the full nominal dimension. 
c. For plates, the width b is the distance from the free edge to the first row of fasteners or line of 
welds. 
d. For stems of tees, d is taken as the full nominal depth. 
For stiffened elements, i.e., supported along two edges parallel to the direction of the compres-

sion force, the width shall be taken as follows: 

a. For webs of rolled, built-up or formed sections, h is the clear distance between flanges. 
b. For webs of rolled, built-up or formed sections, dis the full nominal c:epth. 
c. For flange or diaphragm plates in built-up sections, the width b is the distance between 
adjacent lines of fasteners or lines of welds. 
d. For flanges of rectangular hollow structural sections, the width b is the clear distance between 
webs less the inside comer radius on each side. If the comer radius is not known, the flat width 
may be taken as the total section width minus three times the thickness. 
For tapered flanges of rolled sections, the thickness is the nominal value haVway between the free 

edge and the corresponding face of the web. 

2. Slender Compression Elements. For the design of flexural and compressive sections with 
slender compressive elements, see Appendix B5. 
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86. ROTATIONAL RESTRAINT AT POINTS OF SUPPORT 

At points of support, beams, girders and trusses shall be restrained against rotation about their 
longitudinal axis. 

87. LIMITING SLENDERNESS RATIOS 

For members whose design is based on compressive force, the slenderness ratio K/Jr preferably 
should not exceed 200. If this limit is exceeded, the allowable stress shall not exceed the value ob­
tained from Equation (E2-2). 

For members whose design is based on tensile force, the slenderness ratio L/r preferably should 
not exceed 300. The above limitation does not apply to rods in tension. Members which have been 
designed to perform as tension members in a structural system, but experience some compression 
loading, need not satisfy the compression slenderness limit. 

88. SIMPLE SPANS 

Beams, girders and trusses designed on the basis of simple spans shall have an effective length 
equal to the distance between centers of gravity of the members to which they delivfr their end reac­
tions. 

89. END RESTRAINT 

When designed on the assumption of full or partial end restraint due to continuous, semi-continu­
ous or cantilever action, the beams, girders and trusses, as well as the sections of the members to 
which they connect, shall be designed to carry the shears and moments so introduced, as well as all 
other forces, without exceeding at any point the unit stresses prescribed in Chapll:rs D through F, 
except that some nonelastic but self-limiting deformation of a part of the connection is permitted 
when this is essential to avoid overstressing of fasteners. 
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Limiting Width-Thickness Ratios 
for Compression Elements 

Width· Limiting Wiclth·Thickness Ratios 
Thick-Description of Element ness 
Ratio Compact Noncompact" 

Flanges of 1-shaped rolled beams and channels in flexures 
bit 65/ /FJ; 95/[Fy 

Flanges of 1-shaped welded beams in flexure 
bit 65/ /FJ; 95/ jFyr/k/ 

Outstanding legs of c,airs of an~es in continuous contact; angles 
or plates projecting rom rolled earns or columns; stiffeners on 
plate girders 

bit NA 95/[Fy 

Angles or plates projecting from girders, built-up columns or 
other compression members; compression flanges of plate bit 
girders 

NA 95/ jFy/kc 

Stems of tees 
dlt NA 127/fFr 

Unstiffened elements simply supported along one edge, such as 
legs of single-angle struts, legs of double-angle struts with sepa-
raters and cross or star-shaped cross sections 

bit NA 76/ Fr 
Flanges of square and rectangular box and hollow structural 

190/ p; sections of uniform thickness subject to bending or compres- bit 238/ Fr siond; flange cover plates and diaphragm plates between lines of 
fasteners or welds 

Unsupported width of cover plates perforated with a succession 
of access holesb bit NA 317/[Fy 

All other uniformly compressed stiffened elements, i.e., sup- bit NA 253/ Fr ported along two edges h/fw 

Webs in flexural compressions dlt 640/ fFr -

h/fw - 760/ jF;, 
Webs in combined flexural and axial compression for 

18/Fy s 0.16 

dltw 
640 ( 1 - 3.74 fe) 
jFy Fy 

-
for 
fa/Fy > 0.16 

257/ Fr 
hltw - 760/ jF;, 

Circular hollow sections 
In axial compression Dlt 3,300/F, -
In flexure 3,300/F, -

8 For hybrid beams, use the yield strength of the flange Fyt instead of Fr 
bAssumes net area of plate at widest hole. 
cFor design of slender sections that exceed the noncompact limits see Appendix 65. 
dSee also Sect. F3.1. 

e kc = ----1:.QL if hIt 
(h/~0.46 

> 70, otherwise kc = 1.0. 

NOTE: See next page for metric conversions. 
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TABLE 85.1 
Limiting Width-Thickness Ratios 

for Compression Elements 
Width· Limiting Width-Thicknel;s Ratios 
Thick-Description of Element ness 
Ratio Compact Noncompact" 

Flanges of !-shaped rolled beams and channels in p: 0.56 p, flexure9 bit 0.38 

Flanges of !-shaped welded beams in flexure p: ('"~)' bit 0.38 

Outstanding legs of pairs of angles in continuous con-
tact; angles or plates projecting from rolled beams or 
columns; stiffeners on plate girders 

bit NA 0.56 p, 
Angles or plates projecting from girders, built-up col-
umns or other compression members; compression 
flanges of plate girders 

bit NA 0.75 p, 
Stems of tees 

0.75 p, dlt NA 

Unstiffened elements simply supported along one 

0.45 p, edge, such as legs of single-angle struts, legs of bit NA double-angle struts with separators and cross or star-
shaped cross sections 

Flanges of square and rectangular box and hollow 

1.12/f; 1.4oP, 
structural sections of uniform thickness subject to bit bending or compressiond; flange cover plates and 
diaphragm plates between lines of fasteners or welds 

Unsupported width of cover plates perforated with a 
succession of access holes0 bit NA 1.86/f; 

All other uniformly compressed stiffened elements, bit NA 1.49 p, i.e., supported along two edges Mw 

Webs in flexural compression9 

dlt 3.76 p, -

hltw - 4.47 p, 
Webs in combined flexural and axial compression for 

f8 /Fy S 0.16 

cVtw 
3.76 p, (1 - fa) 3.74 Fy 

-
for 
f8 /Fy > 0.16 

1.51/f; 

hltw - 4.47 p, 
(Continued) 
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TABLE 85.1 
Limiting Width-Thickness Ratios 

for Compression Elements-( Continued) 
Circular hollow sections 

In axial compression 

In flexure 

011 

aFor hybrid beams, use the yield strength of the flange Fyt instead of Fy. 
bAssumes net area of plate at widest hole. 

E 
O.llF 

E 
O.llF 

°For design of slender sections that exceed the noncompact limits see Appendix BS. 
dSee also Sect. F3.1 . 

8 
kc = (h~~~546 if hjt > 70, otherwise kc = 1.0. 

810. PROPORTIONS OF BEAMS AND GIRDERS 

CHAP. 22, DIV. IX 
2251 

Rolled or welded shapes, plate girders and cover-plated beams shall, in general, be proportioned 
by the moment of inertia of the gross section. No deduction shall be made for shop or field bolt or 
rivet holes in either flange provided that 

0.5FuAfn~0.6FyA_rg (Bl0-1) 
where Ati: is the gross flange area and Afo is the net flange area, calculated in accordance with the 

provisions of Sections B 1 and B2. 

If 

0.5Fu Atn < 0.6Fv Atg (B 10-2) 
the member flexural properties shall be based on an effective tension flange area, Ate: 

5 (F") A A1, = 6 Fy Jn (B 10-3) 

Hybrid girders may be proportioned by the moment of inertia of their gross section*, subject to 
the applicable provisions in Section Gl, provided they are not required to resist an axial force great­
er than 0.15Fy times the area of the gross section, where Fy is the yield stress of the flange material. 
To qualify as hybrid girders, the flanges at any given section shall have the same cross-sectional 
area and be made of the same grade of steel. 

Flanges of welded beams or girders may be varied in thickness or width by splicing a series of 
plates or by the use of cover plates. 

The total cross-sectional area of cover plates of bolted or riveted girders shill not exceed 70 per­
cent of the total flange area. 

High-strength bolts, rivets or welds connecting flange to web, or cover plate to flange, shall be 
proportioned to resist the total horizontal shear resulting from the bending forces on the girder. The 
longitudinal distribution of these bolts, rivets or intermittent welds shall be in proportion to the in­
tensity of the shear. However, the longitudinal spacing shall not exceed the maximum permitted for 
compression or tension members in Section D2 or E4, respectively. Bolts, rivets or welds connect­
ing flange to web shall also be proportioned to transmit to the web any loads applied directly to the 
flange, unless provision is made to transmit such loads by direct bearing. 

Partial length cover plates shall be extended beyond the theoretical cutoff point and the extended 
portion shall be attached to the beam or girder by high-strength bolts in a slip-critical connection, 
rivets or fillet welds adequate, at the applicable stresses allowed in Section:; 12.4, 13.4, or K4, to 
develop the cover plate's portion of the flexural stresses in the beam or girder at the theoretical cut­
off point. 

*No limit is placed on the web stresses produced by the applied bending moment for whkh a hybrid girder is de­
signed, except as provided in Section K4 and Appendix K4. 
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In addition, for welded cover plates, the welds connecting the cover plate termination to the beam 
or girder in the length a', defined below, shall be adequate, at the allowed stresses. to develop the 
cover plate's portion of the flexural stresses in the beam or girder at the distance a' from the end of 
the cover plate. The length a', measured from the end of the cover plate, shall be: 

1. A distance equal to the width of the cover plate when there is a continuous weld equal to or 
larger than three fourths of the plate thickness across the end of the plate and continuous welds 
along both edges of the cover plate in the length a'. 

2. A distance equal to I't2 times the width of the cover plate when there is a c:mtinuous weld 
smaller than three fourths of the plate thickness across the end of the plate and continuous welds 
along both edges of the cover plate in the length a'. 

3. A distance equal to 2 times the width of the cover plate when there is no weld across the end of 
the plate, but continuous welds along both edges of the cover plate in the length o '. 

B11. PROPORTIONING OF CRANE GIRDERS 

The flanges of plate girders supporting cranes or other moving loads shall be proportioned tore­
sist the horizontal forces produced by such loads. 

CHAPTER C 

FRAMES AND OTHER STRUCTURES 

This chapter specifies general requirements to assure stability of the structure as a whole. 

C1. GENERAL 
In addition to meeting the requirements of member strength and stiffness, frame.> and other con­

tinuous structures shall be designed to provide the needed deformation capacity and to assure 
overall frame stability. 

C2. FRAME STABILITY 

1. Braced Frames. In trusses and in those frames where lateral stability is provided by adequate 
attachment to diagonal bracing, to shear walls, to an adjacent structure having :1dequate lateral 
stability or to floor slabs or roof decks secured horizontally by walls or bracing sy:;tems parallel to 
the plane of the frame, the effective length factor K for the compression members :;hall be taken as 
unity, unless analysis shows that a small value is permitted. 

2. Unbraced Frames. In frames where lateral stability is dependent upon the bending stiffness of 
rigidly connected beams and columns, the effective length Kl of compression memJers shall be de­
termined by analysis and shall not be less than the actual unbraced length. 

CHAPTER D 

TENSION MEMBERS 

This section applies to prismatic members subject to axial tension caused by forces acting 
through the centroidal axis. For members subject to combined axial tension and flexure, see Section 
H2. For members subject to fatigue, see Section K4. For tapered members, see Appendix F7. For 
threaded rods, see Section J3. 

D1. ALLOWABLE STRESS 

The allowable stress F1 shall not exceed 0.60Fy on the gross area nor 0.50Fu on the effective net 
area. In addition, pin-connected members shall meet the requirements of Section D3.1 at the pin 
hole. 

Block shear strength shall be checked at end connections of tension members in accordance with 
Section 14. 
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Eyebars shall meet the requirements of Section D3.1. 

02. BUILT-UP MEMBERS 
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The longitudinal spacing of connectors between elements in continuous cc•ntact consisting of a 
plate and a shape or two plates shall not exceed: 

24 times the thickness of the thinner plate, or 12 inches (305 mm) for painted members or un­
painted members not subject to corrosion. 

14 times the thickness of the thinner plate, or 7 inches ( 178 mm) for unpainted members of weath­
ering steel subject to atmospheric corrosion. 

In a tension member the longitudinal spacing of fasteners and intermittent welds connecting two 
or more shapes in contact shall not exceed 24 inches (610 mm). Tension members composed of two 
or more shapes or plates separated by intermittent fillers shall be connected tc one another at these 
fillers at intervals such that the slenderness ratio of either component between 1.he fasteners does not 
exceed 300. 

Either perforated cover plates or tie plates without lacing are permitted ')n the open sides of 
built-up tension members. Tie plates shall have a length of not less than two thirds the distance be­
tween the lines of welds or fasteners connecting them to the components of th! member. The thick­
ness of such tie plates shall not be less than one fiftieth of the distance between these lines. The 
longitudinal spacing of intermittent welds or fasteners at tie plates shall not exceed 6 inches (!52 
mm). 

The spacing of tie plates shall be such that the slenderness ratio of any component in the length 
between tie plates should preferably not exceed 300. 

03. PIN-CONNECTED MEMBERS 

1. Allowable Stress. The allowable stress on the net area of the pinhole for pin-connected mem­
bers is 0.45 Fy. The bearing stress on the projected area of the pin shall not exceed the stress allowed 
in Section 18. 

The allowable stress on eyebars meeting the requirements of Section D3.3 ,s 0.60Fv on the body 
area. 

2. Pin-connected Plates. The minimum net area beyond the pinhole, para lie! to the axis of the 
member, shall not be less than two thirds of the net area across the pinhole. 

The distance used in calculations, transverse to the axis of pin-connected pbtes or any individual 
element of a built-up member, from the edge of the pinhole to the edge of th1! member or element 
shall not exceed 4 times the thickness at the pin-hole. For calculation purposes, the distance from 
the edge of the pinhole to the edge of the plate or to the edge of a separated ~lement of a built-up 
member at the pinhole, shall not be assumed to be more than 1.25 times the diameter of the pinhole. 

For pin-connected members in which the pin is expected to provide for relative movement be­
tween connected parts while under full load, the diameter of the pin- hole shall not be more than 1t32 
inch (0.8 mm) greater than the diameter of the pin. 

The comers beyond the pinhole may be cut at 45° to the axis of the member, provided the net area 
beyond the pinhole, on a plane perpendicular to the cut, is not less than that perpendicular to the 
direction of the applied load. 

3. Eyebars. Eyebars shall be of uniform thickness, without reinforcement at the pinholes, and 
have circular heads whose periphery is concentric with the pinhole. The radius of the transition be­
tween the circular head and the eyebar body shall not be Jess than the diamf ter of the head. 

For calculation purposes, the width of the body of an eyebar shall not exceed eight times its thick­
ness. 

The thickness may be Jess than 1/2 inch (13 mm) only if external nuts are provided to tighten pin 
plates and filler plates into snug contact. For calculation purposes, the distance from the hole edge 
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to plate edge perpendicular to the direction of the applied load shall not be less than two thirds or 
greater than three fourths times the width of the eye bar body. 

The pin diameter shall not be less than seven eights times the eyebar width. 

The pinhole diameter shall be no more than 11J2-inch (0.8 mm) greater than the pin diameter. 

For steel having a yield stress greater than 70 ksi (483 N/mm2), the hole diameter ;hall not exceed 
5 times the plate thickness and the width of the eyebar shall be reduced accordingly. 

CHAPTER E 

COLUMNS AND OTHER COMPRESSION MEMBERS 

This section applies to prismatic members with compact and noncompact sections subject to axial 
compression through the centroidal axis. For members with slender elements, see Appendix B5.2. 
For members subject to combined axial compression and flexure, see Chapter H. For tapered 
members, see Appendix F7. 

E1. EFFECTIVE LENGTH AND SLENDERNESS RATIO 

The effective-length factor K shall be determined in accordance with Section C2. 

In determining the slenderness ratio of an axially loaded compression member, the length shall be 
taken as its effective length Kl and r as the corresponding radius of gyration. For I miting slender­
ness ratios, see Section B7. 

E2. ALLOWABLE STRESS 

On the gross section of axially loaded compression members whose cross sections meet the 
provisions of Table B5.1, when Kllr. the largest effective slenderness ratio of any ur braced segment 
is less than Cc, the allowable stress is: 

Fa= 

WHERE 

[ 
(Kl/r)2] 

1 - ----zc2 Fv 
(' 

5 3(Kljr) 
3+~ 

(Kljr) 3 

8C~ 

(E2-1) 

On the gross section of axially loaded compression members, when Kllr exceeds Cc, the 
allowable stress is: 

12 ;;r2E 
Fa = 23(Kljr)2 

E3. FLEXURAL-TORSIONAL BUCKLING 

(E2-2) 

Singly symmetric and unsymmetric columns, such as angles or tee-shaped columns, and doubly 
symmetric columns such as cruciform or built-up columns with very thin walls, may require 
consideration of flexural-torsional and torsional buckling. 

E4. BUILT-UP MEMBERS 

All parts of built-up compression members and the transverse spacing of their Lnes of fasteners 
shall meet the requirements of Section B7. 

For spacing and edge distance requirements for weathering steel members, see Section 13.1 0. 
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At the ends of built-up compression members bearing on base plates or milled surfaces, all com­
ponents in contact with one another shall be connected by rivets or bolts spac~d longitudinally not 
more than four diameters apart for a distance equal to one and one-half times t~.e maximum width of 
the member, or by continuous welds having a length not less than the maximum width of the mem­
ber. 

The longitudinal spacing for intermediate bolts, rivets or intermittent welds in built-up members 
shall be adequate to provide for the transfer of calculated stress. The maximum longitudinal spacing 
of bolts, rivets or intermittent welds connecting two rolled shapes in contacr shall not exceed 24 
inches (610 mm). In addition, for painted members and unpainted members not subject to corrosion 
where the outside component consists of a plate, the maximum longitudinal spacing shall not ex­
ceed: 

127/ JF; (For SI: 0.75 jE/ Fy) times the thickness of the outside plate or 12 inches (305 mm) 
when fasteners are not staggered along adjacent gage lines. 

190/ JF; (For SI: 1.12 jE/ Fv) times the thickness of the outside plate or I~ inches when fasten­
ers are staggered along adjacent gage lines. 

Compression members composed of two or more rolled shapes separated by intermittent fillers 
shall be connected at these fillers at intervals such that the slenderness ratio K/Jr of either shape, 
between the fasteners, does not exceed three fourths times the governing slenderness ratio of the 
built-up member. The least radius of gyration r shall be used in computing th~ slenderness ratio of 
each component part. At least two intermediate connectors shall be used along the length of the 
built-up member. 

All connections, including those at the ends, shall be welded or shall utili:~.e high-strength bolts 
tightened to the requirements of Table 13.7. 

Open sides of compression members built up from plates or shapes shall be provided with lacing 
having tie plates at each end and at intermediate points if the lacing is interrupted. Tie plates shall be 
as near the ends as practicable. In main members carrying calculated stress, the end tie plates shall 
have a length of not less than the distance between the lines of fasteners or welds connecting them to 
the components of the member. Intermediate tie plates shall have a length not less than one half of 
this distance. The thickness of tie plates shall not be less than one fiftieth of tht: distance between the 
lines of fasteners or welds connecting them to the components of the member. In bolted and riveted 
construction, the spacing in the direction of stress in tie plates shall not be mow than 6 diameters and 
the tie plates shall be connected to each component by at least 3 fasteners. In welded construction, 
the welding on each line connecting a tie plate shall aggregate not less than cne third the length of 
the plate. 

Lacing, including flat bars, angles, channels or other shapes employed as lacing, shall be so 
spaced that the ratio 1/r of the flange included between their connections s.1all not exceed three 
fourths times the governing ratio for the member as a whole. Lacing shall be proportioned to resist a 
shearing stress normal to the axis of the member equal to 2 percent of the total compressive stress in 
the member. The ratio 1/r for lacing bars arranged in single systems shall not e;lceed 140. For double 
lacing this ratio shall not exceed 200. Double lacing bars shall be joined at their intersections. For 
lacing bars in compression the unsupported length of the lacing bar shall be taken as the distance 
between fasteners or welds connecting it to the components of the built-up member for single lac­
ing, and 70 percent of that distance for double lacing. The inclination of lacing bars to the axis of the 
member shall preferably not be less than 60° for single lacing and 45° for double lacing. When the 
distance between the lines of fasteners or welds in the flanges is more than 15 inches (381 mm), the 
lacing preferably shall be double or be made of angles. 

The function of tie plates and lacing may be performed by continuous cover plates perforated 
with access holes. The unsupported width of such plates at access holes, as defined in Section 85, is 
assumed available to resist axial stress, provided that: the width-to-thickness ratio conforms to the 
limitations of Section 85; the ratio of length (in direction of stress) to width of holes shall not exceed 
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2; the clear distance between holes in the direction of stress shall not be less than the transverse 
distance between nearest lines of connecting fasteners or welds; and the periphery of the holes at all 
points shall have a minimum radius of 11/2 inches (38 mm). 

E5. PIN-CONNECTED COMPRESSION MEMBERS 
Pin connections of pin-connected compression members shall conform to the requirements of 

Section D3. 

E6. COLUMN WEB SHEAR 

Column connections must be investigated for concentrated force introduction in accordance with 
Section Kl. 

CHAPTER F 

BEAMS AND OTHER FLEXURAL MEMBERS 

Beams shall be distinguished from plate girders on the basis of the web slenderness ratio hltw. When 

this value is greater than760/ [F; (For SI: 4.47 jE/Fv) the allowable bending stress is given in 
Chapter G. The allowable shear stresses and stiffener requirements are given in Chapter F unless 
tension field action is used, then the allowable shear stresses are given in Chapter G. 

This chapter applies to singly or doubly symmetric beams including hybrid beams and girders 
loaded in the plane of symmetry. It also applies to channels loaded in a plane pas~.ing through the 
shear center parallel to the web or restrained against twisting at load points and points of support. 
For members subject to combined flexural and axial force, see Section Hl. 

F1. ALLOWABLE STRESS: STRONG AXIS BENDING OF I-SHAPED 
MEMBERS AND CHANNELS 

1. Members with Compact Sections. For members with compact sections as defined in Section 
BS.l [excluding hybrid beams and members with yield points greater than 65 ksi (448 N/mm2)] 
symmetrical about, and loaded in, the plane of their minor axis the allowable stress is 

Fb = 0.66Fy (F 1-1) 
provided the flanges are connected continuously to the web or webs and the laterally unsupported 
length of the compression flange 4 does not exceed the value of 4:, as given by the smaller of: 

76b1 or 20,000 
[F; (d/At)Fv 

(Fl-2) 

For SI: fl, 0.69£ 
0.45b1 or d/A )F 

( f y 

Members [including composite members and excluding hybrid members anc: members with 
yield points greater than 65 ksi (448 N/mm2)] which meet the requirements for C•)mpact sections 
and are continuous over supports or rigidly framed to columns, may be proportioned for nine tenths 
of the negative moments produced by gravity loading when such moments are mal{imum at points 
of support, provided that, for such members, the maximum positive moment is increased by one­
tenth of the average negative moments. This reduction shall not apply to moments produced by 
loading on cantilevers. If the negative moment is resisted by a column rigidly framed to the beam or 
girder, the one-tenth reduction is permitted in proportioning the column for the combined axial and 
bending loading, provided that the stress fa due to any concurrent axial load on the member, does not 
exceed O.I5Fa. 

2. Members with Noncompact Sections. For members meeting the requirements of Section 
Fl. I except that their flanges are noncompact [excluding built-up members and members with 
yield points greater then 65 ksi (448 N/mm2)], the allowable stress is 
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(F1-3) 

For built-up members meeting the requirements of Section F1.1 except that •heir flanges are non­
compact and their webs are compact or noncompact [excluding hybrid girders and members with 
yield points greater than 65 ksi (448 N/mm2)], the allowable stress is 

[ 
bf (F;_] 

Fb = Fy 0.79 0.002 2t!V k; (F1-4) 

For SI: F, [ 0.79 

WHERE: 

k = 4.05 
c (h/ tw)o.46 if hltw > 70, otherwise k c = 1.0. 

For members with a noncompact section (Section B5), but not included above, and loaded 
through the shear center and braced laterally in the region of compression stress at intervals not ex-

ceeding 76bd~ (For SI: 0.45bdJE/ Fy), the allowable stress is 

Fb = 0.60~v (F1-5) 
3. Members with Compact or Noncompact Sections with Unbraced Length Greater than 

4:. For flexural members with compact or noncom pact sections as defined in Section B5 .1, and 
with unbraced lengths greater than 4 as defined in Section F1.1, the allowable bending stress in 
tension is determined from Equation (F1-5). 

For such members with an axis of symmetry in, and loaded in the plane of their web, the allowable 
bending stress in compression is determined as the larger value from Equatiom: (F1-6) or (Fl-7) and 
(Fl-8), except that Equation (Fl-8) is applicable only to sections with a compression flange that is 
solid and approximately rectangular in cross section and that has an area not less than the tension 
flange. Higher values of the allowable compressive stress are permitted if jm.tified by a more pre­
cise analysis. Stresses shall not exceed those permitted by Chapter G, if applicable. 

For channels bent about their major axis, the allowable compressive stress is determined from 
Equation (F1-8). 

When 

102 X 103Cb 
:5 l :5 

510 X l03Cb 
Fy rT Fr 

~ :5 l :5 
17.59ECb 

rT Fy y 
For SI: 

0.60Fy (F1-6) 
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For SI: 

When 

For SI: 

For SI: 

For any value of 1/rT: 

ForSI: 

WHERE: 

l 
rr 

l 
rr 

:;::: 
510 X 103Cb 

Fy 

:;::: 
17.59ECb 

Fy 

5.86ECb 
:5 0.60F, (l/ rr) 2 
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0.60Fy 

(Fl-7) 

(Fl-8) 

0.41ECb 

d/ 
:5 0.60F,. 

l A1 

l = distance between cross sections braced against twist or lateral displacement of the com­
pression flange, in. (mm). For cantilevers braced against twist only at the support, l may 
conservatively be taken as the actual length. 

rr radius of gyration of a section comprising the compression flange plus one third of the 
compression web area, taken about an axis in the plane of the web, in. (mm). 

At = area of the compression flange, in.2 (mm2) 

Cb = 1.75 + 1.05 (M,!Mz) + 0.3 (M,IMz)2, but not more than 2.3*, where M1 is the smaller 
and Mz the larger bending moment at the ends of the unbraced length, taken about the 
strong axis of the member, and where M 1/Mz, the ratio of end moments, .s positive when 
M, and Mz have the same sign (reverse curvature bending) and negative when they are of 
opposite signs (single curvature bending). When the bending moment at any point within 
an unbraced length is larger than that at both ends of this length, the value of Cb shall be 
taken as unity. When computing Fbx to be used in Equation (Hl-1), Cb may be computed 
by the equation given above for frames subject to joint translation, and it ;hall be taken as 
unity for frames braced against joint translation. Cb may conservatively be taken as unity 
for cantilever beams. 

For hybrid plate girders, F1 for Equations (Fl-6) and (Fl-7) is the yield stress of the compression 
flange. Equation (Fl-8) shall not apply to hybrid girders. 

Section F1.3 does not apply to tee sections if the stem is in compression anywhere along the 
unbraced length. 

*It is conservative to take Cb as unity. For values smaller than 2.3, see Table 6 in the Numerical Values Section. 
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F2. ALLOWABLE STRESS: WEAK AXIS BENDING OF I-SHAPED MEMBERS, 
SOLID BARS AND RECTANGULAR PLATES 

Lateral bracing is not required for members loaded through the shear center about their weak axis 
or for members of equal strength about both axes. 

1. Members with Compact Sections. For doubly symmetrical 1- and H-~;hape members with 
compact flanges (Section B5) continuously connected to the web and bent about their weak axes 
(except members with yield points greater than 65 ksi); solid round and square bars; and solid rect­
angular sections bent about their weaker axes, the allowable stress is 

Fh = 0.75 Fy (F2-1) 
2. Members with Noncompact Sections. For members not meeting the requirements for com­

pact sections of Section B5 and not covered in Section F3, bent about their min~r axis, the allowable 
stress is 

Fh = 0.60Fy (F2-2) 
Doubly symmetrical 1- and H-shape members bent about their weak axes (except members with 

yield points greater than 65 ksi) with noncompact flanges (Section B5) continuously connected to 
the web may be designed on the basis of an allowable stress of 

F, ~ F, [ 1.075 o.oos{:~) jF,] (F2-3J 

Fo,sh F, ~ F, [ 1.075 oss(:;t) H] 
F3. ALLOWABLE STRESS: BENDING OF BOX MEMBERS, RECTANGULAR 
TUBES AND CIRCULAR TUBES 

1. Members with Compact Sections. For members bent about their strong or weak axes, mem­
bers with compact sections as defined in Section B5 and flanges continuously connected to the 
webs, the allowable stress is 

Fh = 0.66Fy (F3-1) 
To be classified as a compact section, a box-shaped member shall have, in addition to the require­

ments in Section B5, a depth not greater than six times the width, a flange thickness not greater than 
two times the web thickness and a laterally unsupported length 4 less than or equal to 

Lc ( 1, 950 + 1, 200 Z~) ;Y (F3-2) 

For SI: Lc = ( 0.067 + 0.04 Z~) t~ 
except that it need not be less than 1,200 (b/ Fy), where M 1 is the smaller and Mz the larger bending 
moment at the ends of the unbraced length, taken about the strong axis of the member, and where 
M 1!M2, the ratio of end moments, is positive when M 1 and M2 have the same sign (reverse curvature 
bending) and negative when they are of opposite signs (single curvature bending). 

2. Members with Noncompact Sections. For box-type and tubular flexural members that meet 
the noncompact section requirements of Section B5, the allowable stress is 

Fh = 0.60Fy (F3-3) 
Lateral bracing is not required for a box section whose depth is less than 6 times its width. Later­

al-support requirements for box sections of larger depth-to-width ratios must be determined by spe­
cial analysis. 
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F4. ALLOWABLE SHEAR STRESS 

Forhltw ~380/ [F; (For SI: h/fw ~2.24jEJ Fy), on the overall depth times the wfb thickness, the 
allowable shear stress is 

Fv = 0.40Fy (F4-l) 

For hltw ~ 380/ [F; (For SI: hltw ~2.24 j E/ Fy) the allowable shear stress is on tte clear distance 
between flanges times the web thickness: 

Fv = Fv (Cv) ~ 0.40 F'_v 
2.89 

WHERE: 

( 
1.5kfi ) 

For SI : Fv(h/tw)z 
when Cv is less than 0.8 

- 190 ([;_ 
- (h/tw) y Fy (

For SI: ...1.!l... f[J_) 
(h/tw) y Fv 

k = 4.00 + 5.34 when a/h is less than 1.0 
v (ajh)2 

= 5.34 + 4.00 when a/h is more than 1.0 
(a/h)2 

fw thickness of web, in. (mm) 

when Cv is more than 0.8 

a clear distance between transverse stiffeners, in. (mm) 
h = clear distance between flanges at the section under investigation, in. (mm) 

For shear rupture on coped beam end connections, see Section 14. 

Maximum hltw limits are given in Chapter G. 

An alternative design method for plate girders utilizing tension field action is giv•!n in Chapter G. 

FS. TRANSVERSE STLFFENERS 

Intermediate stiffeners are required when the ratio hltw is greater than 260 and the maximum web 
shear stress.fv is greater than that permitted by Equation (F4-2). 

The spacing of intermediate stiffeners, when required, shall be such that the web shear stress will 
not exceed the value for Fv given by Equation (F4-2) or (G3-1), as applicable, and 

F6. BUILT-UP MEMBERS 

2 

_ha $; [ 260 ] and 3.0 
(h/tw) 

(F5-1) 

Where two or more rolled beams or channels are used side-by-side to form a flexural member, 
they shall be connected together at intervals of not more than 5 feet. Through-bolts and separators 
are permitted, provided that, in beams having a depth of 12 inches or more, no fewer than two bolts 
shall be used at each separator location. When concentrated loads are carried from one beam to the 
other, or distributed between the beams, diaphragms having sufficient stiffness to distribute the load 
shall be riveted, bolted or welded between the beams. 
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F1. WEB-TAPERED MEMBERS 

See Appendix F7. 

CHAPTER G 

PLATE GIRDERS 

CHAP. 22, DIV. IX 
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Plate girders shall be distinguished from beams on the basis of the web slendeness ratio hltw. When 

this value is greater than 760/ jj; (For SI: 4.47 jE/fv ), the provisions of this c1apter shall apply for 
allowable bending stress, otherwise Chapter F is applicable. 

For allowable shear stress and transverse stiffener design, see appropriate ~;ections in Chapter F 
or this chapter if tension field action is utilized. 

G1. WEB SLENDERNESS LIMITATIONS 

When no transverse stiffeners are provided or when transverse stiffeners <ere spaced more than 
one and one-half times the distance between flanges 

14,000 (G 1-1) 

11. < 0.48£ 
tw - jFy1 (Fy1 + 113.7) 

For SI: 

When transverse stiffeners are provided, spaced not more than one and one-half times the dis­
tance between flanges 

11. ~ 2,000 (G1-2) 
fw F:t 
h 

~ 11.76 ~ For SI: fw yf 

G2. ALLOWABLE BENDING STRESS 

When the web depth-to-thickness ratio exceeds 760/ jF;, (For SI: 4.47 {E:; Fy ), the maximum 
bending stress in the compression flange shall not exceed 

F'b 5; Fb Rpc Re 
WHERE: 

Fb = applicable bending stress given in Chapter F, ksi (N/mm2) 

R, ~ I - 00005~; ( ~ ~) ,;; LO 

Foe Sl: R"' ~ I - 0.0005 ~; ( 
4·~7 h p,) ,;; 1.0 

(G2-1) 
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12 + ( ~;) (3a - a3) 

R, :5 1.0 

12 + 2(~;) 
(nonhybrid girders, Re = 1.0) 

WHERE: 
Aw area of web at the section under investigation, in.2 (mm2) 
At = area of compression flange, in.2 (mm2) 
a = 0.6 Fyw I Fb ~ 1.0 

G3. ALLOWABLE SHEAR STRESS WITH TENSION FIELD ACTION 

Except as herein provided, the largest average web shear,.fv in kips per square inch (N/mm2), 
computed for any condition of complete or partial loading, shall not exceed the value given by 
Equation (F4-2). 

Alternatively, for girders other than hybrid girders, if intermediate stiffeners are provided and 
spaced to satisfy the provisions of Section 04 and if Cv ~ I, the allowable shear irtduding tension 
field action given by Equation (03-l) is permitted in lieu of the value given by Equation (F4-2). 

1-C ] + v :5 0.40F,. 
1.15 j1 + (ajh) 2 · 

(03-1)* 

G4. TRANSVERSE STIFFENERS 
Transverse stiffeners shall meet the requirements of Section F5. 

In girders designed on the basis of tension field action, the spacing between stiffeners at end pan­
els, at panels containing large holes, and at panels adjacent to panels containing lar:~e holes shall be 
such that.fv does not exceed the value given by Equation (F4-2). 

Bolts and rivets connecting stiffeners to the girder web shall be spaced not mon! than 12 inches 
(305 mm) on center. If intermittent fillet welds are used, the clear distance between welds shall not 
be more than 16 times the web thickness or more than 10 inches (254 mm). 

The moment of inertia, Is, of a pair of intermediate stiffeners, or a single intem1ediate stiffener, 
with reference to an axis in the plane of the web, shall be limited as follows: 

/.,, 2: (to) 4 (04-I) 

The gross area (total area, when stiffeners are furnished in pairs), in square inches (mm2), of 
intermediate stiffeners spaced as required for Equation (03-1) shall not be less than 

As, = 1 - Cv [f! - (ajh)
2 

] YDht (04-2) 
2 h j1 + (a/h)2 

When the greatest shear stress.fv in a panel is less than that permitted by Equa1ion (03- 1), the 
reduction of this gross area requirement is permitted in like proportion. 

Intermediate stiffeners required by Equation (03-1) shall be connected for a total shear transfer, 
in kips per linear inch (N/mm) of single stiffener or pair of stiffeners, not less than 

*Equation (03-1) recognizes the contribution of tension field action. 
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fvs 

For SI: x 6.89 for N/mm2 

where Fy = yield stress of web steel. 
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(G4-3) 

This shear transfer may be reduced in the same proportion that the largest computed shear stress, 
fv, in the adjacent panels is Jess than that permitted by Equation (G3-1 ). However, rivets and welds 
in intermediate stiffeners which are required to transmit to the web an applied concentrated load or 
reaction shall be proportioned for not less than the applied load or reaction. 

Intermediate stiffeners may be stopped short of the tension flange, provided bearing is not needed 
to transmit a concentrated load or reaction. The weld by which intermediate stiffeners are attached 
to the web shall not be terminated closer than four times or more than six times the web thickness 
from the near toe of the web-to-flange weld. When single stiffeners are used, they shall be attached 
to the compression flange, if it consists of a rectangular plate, to resist any uplift tendency due to 
torsion in the plate. When lateral bracing is attached to a stiffener, or a pair of stiffeners, in tum, 
these shall be connected to the compression flange to transmit 1 percent of the total flange stress, 
unless the flange is composed only of angles. 

GS. COMBINED SHEAR AND TENSION STRESS 
Plate girder webs which depend upon tension field action, as provided in Equation (G3-l ), shall 

be so proportioned that bending tensile stress, due to moment in the plane of the girder web, shall not 
exceed 0.60Fy or 

( 0.825 - 0.375 ~J Fy (GS-1) 

WHERE: 
fv = computed average web shear stress (total shear divided by web ar(:a), ksi (N/mm2). 
Fy = allowable web shear stress according to Equation (03-1), ksi (N/mm2). 
The allowable shear stress in the webs of girders having flanges and webs with yield point greater 

than 65 ksi (448 N/mm2) shall not exceed the values given by Equation (F4-2) if the flexural stress 
in the flange.fb exceeds 0.75Fb. 

CHAPTER H 
COMBINED STRESSES 

The strength of members subjected to combined stresses shall be determined a ;cording to the provi­
sions of this chapter. 

This chapter pertains to doubly and singly symmetrical members only. See Chapter E for deter­
mination of Fa and Chapter F for determination of Fbx and Fby· 

H1. AXIAL COMPRESSION AND BENDING 

Members subjected to both axial compression and bending stresses shaJ be proportioned to 
satisfy the following requirements: 

fa + C,.,Jbx + Cmvfby :5 1 0 (H1-l) 

Fa ( 1 - /.:J Fbx ( 1 _ /.:Y) . 

o.o-2'oFy + ~;x + ~:v :5 l.O (H
1
-
2

) 
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Whenfa!Fa ~ 0.15, Equation (H1-3) is permitted in lieu of Equations (H1-1) and (Hl-2): 

(H1-3) 

In Equations (Hl-1 ), (Hl-2) and (Hl-3), the subscripts x andy, combined with subscripts b, m and 
e, indicate the axis of bending about which a particular stress or design property applies, and 

Fa = axial compressive stress that would be permitted if axial force alone existed, ksi (N/mm2). 
Fb = compressive bending stress that would be permitted if bending moment a one existed, ksi 

(N/mm2). 

F' e 12 n 2E 
23(Klbjrb)2 

= Euler stress divided by a factor of safety, ksi (N/mm2) (in the expression for F'e, lb is the 
actual unbraced length in the plane of bending and 'b is the corresponding radius of gyra­
tion. K is the effective length factor in the plane of bending). As in the case of Fa, Fb and 
F'e may be increased one third in accordance with Section A5.2. 

fa = computed axial stress, ksi (N/mm2). 
fb = computed compressive bending stress at the point under consideration, ksi (N/mm2). 

= Coefficient whose value shall be taken as follows: 
a. For compression members in frames subject to joint translation (sidesway), Cm = 0.85. 
b. For rotationally restrained compression members in frames braced ag1inst joint trans­
lation and not subject to transverse loading between their supports in the plane of bending, 
Cm = 0.6 - 0.4 (M1/Mz) 
where M1/Mz is the ratio of the smaller to larger moments at the ends of trat portion of the 
member unbraced in the plane of bending under consideration. M 11Mz is positive when 
the member is bent in reverse curvature, negative when bent in single curvature. 

c. For compression members in frames braced against joint translation in the plane of load­
ing and subjected to transverse loading between their supports, the value of Cm may be 
determined by an analysis. However, in lieu of such analysis, the following values are per­
mitted: 

i. For members whose ends are restrained against rotation in the pl:me of bending 
Cm = 0.85 

ii. For members whose ends are unrestrained against rotation in the plane of bending 
Cm = 1.0 

H2. AXIAL TENSION AND BENDING 
Members subject to both axial tension and bending stresses shall be proportioned at all points 

along their length to satisfy the following equation: 

fa + fbx + fby :5 l.O (H2-l) 
F, Fbx Fby 

wherefb is the computed bending tensile stress, fa is the computed axial tensile stress, Fb is the 
allowable bending stress and F1 is the governing allowable tensile stress defined in Section D 1. 

However, the computed bending compressive stress arising from an independent load source rel­
ative to the axial tension, taken above, shall not exceed the applicable value required in Chapter F. 

CHAPTER I 
COMPOSITE CONSTRUCTION 

This chapter applies to steel beams supporting a reinforced concrete slab so interconnected that the 
beams and the slab act together to resist bending. Simple and continuous composite beams with 
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shear connectors and concrete encased beams, constructed with or without tf:mporary shores, are 
included. 

11. DEFINITION 

Two cases of composite members are recognized: totally encased members which depend upon 
natural bond for interaction with the concrete, and those with shear connectors (mechanical anchor­
age to the slab) with the steel member not necessarily encased. 

A beam totally encased in concrete cast integrally with the slab may be assumed to be connected 
to the concrete by natural bond, without additional anchorage, provided that: 

I. Concrete cover over beam sides and soffit is at least 2 inches (51 mm). 

2. The top of the beam is at least t 1h inches (38 mm) below the top and 2 inches (51 mm) above 
bottom of the slab. 

3. Concrete encasement contains adequate mesh or other reinforcing steel throughout the whole 
depth and across the soffit of the beam to prevent spalling of the concrete. SheH connectors must be 
provided for composite action if the steel member is not totally eneased in concrete. The portion of 
the effective width of the concrete slab on each side of the beam centerline ~:hall not exceed: 

a. One-eighth of the beam span, center-to-center of supports; 

b. One-half the distance to the centerline of the adjacent beam; or 

c. The distance from the beam centerline to the edge of the slab. 

12. DESIGN ASSUMPTIONS 

I. Encased beams shall be proportioned to support, unassisted, all dead loacls applied prior to the 
hardening of the concrete (unless these loads are supported temporarily on shoring) and, acting in 
conjunction with the slab, to support all dead and live loads applied after hardening of the concrete, 
without exceeding a computed bending stress of 0.66Fy where Fy is the yidd stress of the steel 
beam. The bending stress produced by loads after the concrete has· hardened :;hall be computed on 
the basis of the section properties of the composite section. Concrete tension stresses shall be ne­
glected. Alternatively, the steel beam alone may be proportioned to resist, unassisted, the positive 
moment produced by all loads, live and dead, using a bending stress equal to 0.76Fy, in which case 
temporary shoring is not required. · 

2. When shear connectors are used in accordance with Section 14, the composite section shall be 
proportioned to support all of the loads without exceeding the allowable stress prescribed in Section 
Fl.!, even when the steel section is not shored during construction. In positive moment areas, the 
steel section is exempt from compact flange criteria (Section B5) and there is no limit on the unsup­
ported length of the compression flange. 

Reinforcement parallel to the beam within the effective width of the slab, when anchored in ac­
cordance with the provisions of the applicable building code, may be included in computing the 
properties of composite sections, provided shear connectors are furnished in accordance with the 
requirements of Section 14. The section properties of the composite section shall be computed in 
accordance with the elastic theory. Concrete tension stresses shall be neglected. For stress computa­
tions, the compression area of lightweight or normal-weight concrete shall be treated as an equiva­
lent area of steel by dividing it by the modular ration for normal-weight concrete of the strength 
specified when determining the section properties. For deflection calculations, the transformed 
section properties shall be based on the appropriate modular ration for the strength and weight con­
crete specified, where n = EIEc. 

In cases where it is not feasible or necessary to provide adequate connectcrs to satisfy the hori­
zontal shear requirements for full composite action, the effective section modulus shall be deter­
mined as 

2-683 



CHAP. 22, DIV. IX 
2251 1994 UNIFORM BIJILDING CODE 

(I2-1) 

WHERE: 
Vh and V'h are defined in Section 14. 

Ss = section modulus of the steel beam referred to its bottom flange, in.3 (mrn3) 

S1, = section modulus of the transformed composite section referred to its bottom flange, based 
upon maximum permitted effective width of concrete flange (Section II), in.3 (mm3) 

For composite beams constructed without temporary shoring, stresses in the steel section shall 
not exceed 0.90Fv. Stresses shall be computed assuming the steel section alone resists all loads 
applied before the concrete has reached 75 percent of its required strength and the effective com­
posite section resists all loads applied after that time. 

The actual section modulus of the transformed composite section shall be used in calculating the 
concrete flexural compression stress and, for construction without temporary shores, this stress 
shall be based upon loading applied after the concrete has reached 75 percent of its required 
strength. The stress in the concrete shall not exceed 0.45 f'c· 

13. END SHEAR 

The web and the end connections of the steel beam shall be designed to carry the total reaction. 

14. SHEAR CONNECTORS 

Except in the case of encased beams, as defined in Section I2.1, the entire horizcntal shear at the 
junction of the steel beam and the concrete slab shall be assumed to be transferred by shear connec­
tors welded to the top flange of the beam and embedded in the concrete. For full composite action 
with concrete subject to flexural compression, the total horizontal shear to be resisted between the 
point of maximum positive moment and points of zero moment shall be taken as the smaller value 
using Equations (I4-1) and (I4-2): 

V' h = 0.85 f'c Ac/2 (I4-l )* 

and 

Vh = fY Asl2 (I4-2) 
WHERE: 

f'c = specified compression strength of concrete, ksi (N/mm2). 
Ac = actual area of effective concrete flange defined in Section II, in.2 (mm") 
As = area of steel beam, in.2 (mm2) 
In continuous composite beams where longitudinal reinforcing steel is considered to act compos­

itely with the steel beam in the negative moment regions, the total horizontal shear to be resisted by 
shear connectors between an interior support and each adjacent point of contraflexure shall be taken 
as 

Vh = fYr Asr12 
WHERE: 

(I4-3) 

Asr total area of longitudinal reinforcing steel at the interior support located within the effec­
tive flange width specified in Section II, in.2 (mm2) 

Fvr specified minimum yield stress of the longitudinal reinforcing steel, ksi (N/mm2). 

For full composite action, the number of connectors resisting the horizontal shear, Vh, each side 
of the point of maximum moment, shall not be less than that determined by the relationship Vh/q, 

*The term 1/2 Fyr A'.,, shall be added to the right-hand side of Equation (14- I) if longitudinal reir forcing steel with 
area A~ located within the effective width of the concrete flange is included in the properties of the composite 
section. 
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where q, the allowable shear load for one connector, is given in Table 14.1 for flat soffit concrete 
slabs made with C33 aggregates. For flat soffit concrete slabs made with rotary kiln-produced ag­
gregates, conforming to C330 with concrete unit weight not less than 90 pcf (1442 kgfm2), the al­
lowable shear load for one connector is obtained by multiplying the values from Table 14.1 by the 
coefficient from Table 14.2. 

For partial composite action with concrete subject to flexural compression. the horizontal shear 
V 'h to be used in computing Self shall be taken as the product of q times the number of connectors 
furnished between the point of maximum moment and the nearest point of zero moment. 

The value of V 'h shall not be less than one fourth the smaller value of Equation (14-1 ), using the 
maximum permitted effective width of the concrete flange, or Equation (14-2). The effective mo­
ment of inertia for deflection computations shall be determined by: 

Jeff = /., + If; Urr - fs) 

WHERE: 
rv moment of inertia of the steel beam, in.4 (mm4) 

11r = moment of inertia of the transformed composite section, in.4 (mm~) 

TABLE 14.1 
Allowable Horizontal 

Shear Load for One Connector (q), kipsa 
(x 4.45 for kN) 

Specified Compressive Stren·~th of 

Connector!> Concrete (f'cl. ksi 

x 6.89 for N/mm2 

x 25.4 for mm 3.0 3.5 

1f2" dia. x 2" hooked or headed stud 5.1 5.5 
Sfa" dia. x 21/2" hooked or headed stud 8.0 8.6 
3f4" dia. x 3" hooked or headed stud 11.5 12.5 
1fa" dia. x 31/2" hooked or headed stud 15.6 16.8 

4.3W: 4.7W: Channel C3 x 4.1 
4.6W: 5.0W: Channel C4 x 5.4 4.9W: 5.3W: Channel C5 x 6.7 

8Applicable only to concrete made with ASTM C33 aggregates. 
bThe allowable horizontal loads tabulated are also permitted for studs longer than shown. 
cw= length of channel, in. (mm) 

TABLE 14.2 
Coefficients for Use with Concrete Made 

with C330 Aggregates 

Specified Compressive Air Dry Unit Weight of Concrete, pel 

Strength of Concrete We x 16.02 for kgtm2 

x 6.89 for N/mm2 90 95 100 105 110 

s 4.0 ksi 0.73 0.76 0.78 0.81 0.83 
~ 5.0 ksi 0.82 0.85 0.87 0.91 0.93 

~4.0 

5.9 
9.2 

13.3 
18.0 

5.0W: 
5.3W: 
5.6W: 

115 

0.86 
0.96 

(14-4) 

120 

0.88 
0.99 

The connectors required on each side of the point of maximum moment i.n an area of positive 
bending may be uniformly distributed between that point and adjacent point~. of zero moment, ex­
cept that N2, the number of shear connectors required between any concentrated load in that area 
and the nearest point of zero moment, shall not be Jess than that determined by Equation (14-5). 
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NI[M{J_l] 
Mmax 

f3 - 1 
(14-5) 

WHERE: 
M = moment (less than the maximum moment) at a concentrated load point 
N 1 number of connectors required between point of maximum moment and point of zero mo­

ment, determined by the relationship Vhlq or V 'h!q, as applicable 

13 = str s,ff as applicable sory. 
s ,\' 

For a continuous beam, connectors required in the region of negative bending may be uniformly 
distributed between the point of maximum moment and each point of zero moment. 

Shear connectors shall have at least 1 inch (25 mm) of lateral concrete cover, except for connec­
tors installed in the ribs of formed steel decks. Unless located directly over the web. the diameter of 
studs shall not be greater than 21/2 times the thickness of the flange to which they .ue welded. The 
minimum center-to-center spacing of stud connectors shall be 6 diameters along che longitudinal 
axis of the supporting composite beam and 4 diameters transverse to the longitudinal axis of the 
supporting composite beam. The maximum center-to-center spacing of stud connectors shall not 
exceed 8 times the total slab thickness. 

15. COMPOSITE BEAMS OR GIRDERS WITH FORMED STEEL DECK 

Composite construction of concrete slabs on formed steel deck connected to steel beams or gird­
ers shall be designed by the applicable portions of Sections 11 through 14, with the following modi­
fications. 

1. General. 1. Section 15 is applicable to decks with nominal rib height not grealer than 3 inches 
(76 mm). 

2. The average width of concrete rib or haunch Wr shall not be less than 2 inches (5 I mm), but shall 
not be taken in calculations as more than the minimum clear width near the top of the steel deck. See 
Section 15.3, Subparagraphs 2 and 3, for additional provisions. 

3. The concrete slab shall be connected to the steel beam or girder with welded stud shear con­
nectors 3/4 in. (19 mm) or less in diameter. Studs may be welded through the deck or directly to the 
steel member. 

4. Stud shear connectors shall extend not less than Jlh inches (38 mm) above th<! top of the steel 
deck after installation. 

5. The slab thickness above the steel deck shall not be less than 2 inches (51 mm). 

2. Deck Ribs Oriented Perpendicular to Steel Beam or Girder. 1. Concrete below the top of 
the steel deck shall be neglected when determining section properties and in calculating Ac for 
Equation (14-1 ). 

2. The spacing of stud shear connectors along the length of a supporting beam or girder shall not 
exceed 36 inches (914 mm). 

3. The allowable horizontal shear load per stud connector q shall be the value stipulated in Sec­
tion 14 (Tables 14.1 and 14.2) multiplied by the following reduction factor: 

(15-1) 

WHERE: 
hr = nominal rib height, in. (mm) 
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Hs length of stud connector after welding, in. (mm), not to exceed the value (hr + 3) in com­
putations, although the actual length may be greater. 

Nr = number of stud connectors on a beam in one rib, not to exceed 3 in computations, although 
more than 3 studs may be installed. 

wr = average width of concrete rib, in. (mm) (see Section 15.1, Subparagraph 2). 
4. To resist uplift, the steel deck shall be anchored to all compositely designed steel beams or 

girders at a spacing not to exceed 16 inches (406 mm). Such anchorage may be provided by stud 
connectors, a combination of stud connectors and arc spot (puddle) welds, or other devices speci­
fied by the designer. 

3. Deck Ribs Oriented Parallel to Steel Beam or Girder. I. Concrete below the top of the steel 
deck may be included when determining section properties and shall be included in calculating Ac 
for Equation (14-1 ). 

2. Steel deck ribs over supporting beams or girders may be split longitudir.ally and separated to 
form a concrete haunch. 

3. When the nominal depth of steel deck is 11/ 2 inch (38 mm) or greater, the average width wr of 
the supported haunch or rib shall not be less than 2 inches (51 mm) for the first stud in the transverse 
row plus four stud diameters for each additional stud. 

4. The allowable horizontal shear load per stud connector q shall be the value stipulated in Sec­
tion 14 (Tables 14.1 and 14.2), except when the ratio wrlh r is less than 1.5, the allowable load shall be 
multiplied by the following reduction factor: 

o.6( ;:)( Z: - 1.0) ~ 1.0 (15-2) 

where hr and H.,· are as defined in Section 15.2 and Wr is the average width of concrete rib or haunch 
(see Section 15.1, Subparagraph 2, and Section 15.3, Subparagraph 3). 

16. SPECIAL CASES 

When composite construction does not conform to the requirements of Sections II through IS, the 
allowable load per shear connector must be established by a suitable test program. 

CHAPTERJ 

CONNECTIONS, JOINTS AND FASTENERS 

This chapter applies to connections consisting of connecting elements (plates, stiffeners, gussets, 
angles, brackets) and connectors (welds, bolts, rivets). 

J1. GENERAL PROVISIONS 

1. Design Basis. Connections shall be proportioned so that the calculated stress is less than the 
allowable stress determined (1) by structural analysis for loads acting on the structure or (2) as a 
specified proportion of the strength of the connected members, whichever i> appropriate. 

2. Simple Connections. Except as otherwise indicated in the design docwnents, connections of 
beams, girders or trusses shall be designed as flexible and ordinarily may b{: proportioned for the 
reaction shears only. Flexible beam connections shall accommodate end rotations of unrestrained 
(simple) beams. To accomplish this, in elastic deformation in the connectio11 is permitted. 

3. Moment Connections. End connections of restrained beams, girders and trusses shall be de­
signed for the combined effect of forces resulting from moment and shear induced by the rigidity of 
the connections. 

4. Compression Members with Bearing Joints. When columns bear on bearing plates or are 
finished to bear at splices, there shall be sufficient connectors to hold all parts securely in place. 

2-687 



CHAP. 22, DIV. IX 
2251 1994 UNIFORM BUILDING CODE 

When other compression members are finished to bear, the splice material and its connectors 
shall be arranged to hold all parts in line and shall be proportioned for 50 percent of the strength of 
the member. 

All compression joints shall be proportioned to resist any tension developed by the specified lat­
eralloads acting in conjunction with 75 percent of the calculated dead-load stress and no live load. 

5. Connections of Tension and Compression Members in Trusses. The connections at ends of 
tension or compression members in trusses shall develop the force due to the design load, but not 
less than 50 percent of the effective strength of the member, unless a smaller percentage is justified 
by engineering analysis that considers other factors including handling, shipping and erection. 

6. Minimum Connections. Connections carrying calculated stresses, except for lacing, sag 
bars and girts, shall be designed to support not less than 6 kips (26 688 N). 

7. Splices in Heavy Sections. This section applies to A6 Group 4 and 5 rolled shapes, or shapes 
built-up by welding plates more than 2 inches (51 mm) thick together to form the cross section*, and 
where the cross section is to be spliced and subject to primary tensile stresses due to tension or flex­
ure. 

When tensile forces in these sections are to be transmitted through splices by full-penetration 
groove welds, material notch-toughness requirements as given in Section A3.1 c, weld access holes 
details as given in Section Jl.8, compatible welding procedures as given in Section 12.6, welding 
preheat requirements as given in Section 12.7 and thermal cut surface preparation and inspection 
requirements as given in Section M2.2 apply. 

At tension splices in these sections, weld tabs and backing shall be removed and the surfaces 
ground smooth. 

When splicing these sections, and where the section is to be used as a primary compression mem­
ber, all weld access holes required to facilitate groove welding operations shall satisfy the provi­
sions of Section Jl.8. 

Alternatively, splicing of such members subject to compression, including members which are 
subject to tension due to wind or seismic loads, may be accomplished using splice details which do 
not induce large weld shrinkage strains such as partial-penetration flange groov{: welds with fil­
let-welded surface lap plate splices on the web, or with bolted or combination boiled/fillet-welded 
lap plate splices. 

8. Beam Copes and Weld Access Holes. All weld access holes required to f~,cilitate welding 
operations shall have a length from the toe of the weld preparation not less than one and one-half 
times the thickness of the material in which the hole is made. The height of the access hole shall be 
adequate for deposition of sound weld metal in the adjacent plates and provide clearance for weld 
tabs. In hot-rolled shapes and built-up shapes, all beam copes and weld access hole:; shall be shaped 
free of notches or sharp reentrant corners except that, when fillet web-to-flange welds are used in 
built-up shapes, access holes are permitted to terminate perpendicular to the flange. 

For Group 4 and 5 shapes and built-up shapes of material more than 2 inches (51 mm) thick, the 
thermally cut surfaces of beam copes and weld access holes shall be ground to bright metal and 
inspected by either magnetic particle or dye penetrant methods. If the curved transition portion of 
weld access holes and beam copes are formed by predrilled or sawed holes, that portion of the ac­
cess hole or cope need not be ground. Weld access holes and beam copes in other shapes need not be 
ground or inspected by dye penetrant or magnetic particle. 

9. Placement of Welds, Bolts and Rivets. Groups of welds, bolts or rivets at the ends of any 
member which transmit axial stress into that member shall be sized so the center of gravity of the 

*When the individual elements of the cross section are spliced prior to being joined to form the cross section in 
accordance with the Structural Welding Code-Steel, AWS Dl.l, Article 3.4.6, the applicable provisions of the 
Structural Welding Code-Steel, AWS Dl.l apply in lieu of the requirements of this section. 
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group coincides with the center of gravity of the member, unless provision is made for the eccentric­
ity. The foregoing provision is not applicable to end connections of statically loaded single-angle, 
double-angle and similar members. Eccentricity between the gravity axes of such members and the 
gage lines for their riveted or bolted end connections may be neglected in statically loaded mem­
bers, but shall be considered in members subject to fatigue loading. 

See Section E4 for placement of fasteners in built-up members made of weathering steel. 

10. Bolts in Combination with Welds. In new work, A307 bolts or high-Hrength bolts used in 
bearing-type connections shall not be considered as sharing the stress in combination with welds. 
Welds, if used, shall be provided to carry the entire stress in the connection. High-strength bolts 
proportioned for slip-critical connections may be considered as sharing the stress with the welds. 

In making welded alterations to structures, existing rivets and high-strength bolts tightened to the 
requirements for slip-critical connections are permitted for carrying stresses resulting from loads 
present at the time of alteration, and the welding need be adequate to carry only the additional stress. 

11. High-strength Bolts in Slip-critical Connections in Combination with Rivets. In both 
new work and alterations, high-strength bolts in slip-critical connections may be considered as 
sharing the load with rivets. 

12. Limitations on Bolted and Welded Connections. Fully-tensioned hi~;h-strength bolts (see 
Table 13.7) or welds shall be used for the following connections: 

Column splices in all tier structures 200 feet (60.96 m) or more in height 
Column splices in tier structures 100 to 200 feet (30.48 m to 60.96 m) in height, if the least hori­

zontal dimension is less than 40 percent of the height 
Column splices in tier structures less than 100 feet (30.48 m) in height, if the least horizontal di­

mension is less than 25 percent of the height 
Connections of all beams and girders to columns and of any other beams and girders on which the 

bracing of columns is dependent, in structures over 125 feet (38.1 0 m) in height 
In all structures carrying cranes of over 5-ton (44 480 N) capacity: roof truss splices and connec­

tions of trusses to columns, column splices, column bracing, knee braces and crane supports 
Connections for supports of running machinery or of other live loads which produce impactor 

reversal of stress 
Any other connections stipulated on the design plans 
In all other cases, connections may be made with high-strength bolts tightened to the snug-tight 

condition or with A307 bolts 
For the purpose of this section, the height of a tier structure shall be taken as the vertical distance 

from the curb level to the highest point of the roof beams in the case of flat roofs, or to the mean 
height of the gable in the case of roofs having a rise of more than 22/3 in 12 (22.3% ). Where the curb 
level has not been established, or where the structure does not adjoin a street, the mean level of the 
adjoining land shall be used instead of curb level. Penthouses may be excluded in computing the 
height of the structure. 

J2. WELDS 

All provisions of American Welding Society's Structural Welding Code-Steel, AWS Dl.l, ex­
cept Sections 2.3, 2.4, 2.5, 8.13.1, 9 and 10, apply to work performed under this Specification. 

1. Groove Welds 

a. Effective area. The effective area of groove welds shall be considered as 1he effective length of 
the weld times the effective throat thickness. 

The effective length of a groove weld shall be the width of the part joined. 

The effective throat thickness of a complete-penetration groove weld shall be the thickness of the 
thinner part joined. 
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The effective throat thickness of a partial-penetration groove weld shall be as shown in Table 
12.1. 

The effective throat thickness of a flare groove weld when flush to the surface of a bar or 90° bend 
in a formed section shall be as shown in Table J2.2. Random sections of production welds for each 
welding procedure, or such test sections as may be required by design documents, shall be used to 
verify that the effective throat is consistently obtained. 

Larger effective throat thicknesses than those in Table J2.2 are permitted, provided the fabricator 
can establish by qualification that the fabricator can consistently provide such larger effective 
throat thicknesses. Qualification shall consist of sectioning the weld normal to its axis, at 
mid-length and terminal ends. Such sectioning shall be made on a number of combi 1ations of mate­
rial sizes representative of the range to be used in the fabrication or as required by the designer. 

b. Limitations. The minimum effective throat thickness of a partial-penetration groove weld 
shall be as shown in Table J2.3. Minimum effective throat thickness is determined by the thicker of 
the two parts joined, except that the weld size need not exceed the thickness of the thinnest part 
joined. For this exception, particular care shall be taken to provide sufficient preheat for soundness 
of the weld. 

2. Fillet Welds 

a. Effective area. The effective area of fillet welds shall be taken as the effective length times the 
effective throat thickness. 

Welding Process 

Shielded metal arc 
Submerged arc 

Gas metal arc 

Flux-cored arc 

TABLE J2.1 
Effective Throat Thickness of Partial­

penetration Groove Welds 

Included Angle at Root of 
Welding Position Groove 

J or U joint 

Bevel or V joint 
All ~ 60° 

Bevel or V joint < 60° 
but~ 45° 

TABLE J2.2 

Effective Throat Thickness 

Depth of chamfer 

Depth c.f chamfer minus 
1/8-in. (3.2 mm) 

Effective Throat Thickness of Flare Groove Welds 

Effective Throat Thickness 

Type of Weld Radius (R) of Bar or Bend x 25.4 for mm 

Flare bevel groove All 5/wR 

Flare V-groove All 1/2aa 

ause 3f8R for Gas Metal Arc Welding (except short circuiting transfer process) when R ~ 1/2-in. (13 mm). 
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Material Thickness of Thicker Minimum Effectiv,3 Throat 
Part Joined (in.) Thickness8 (in.) 

x25.4for mm 

To 1/4 inclusive 1/a 
Over 1/4 to 1/2 3/1s 
Over 1/2 to 3/4 1/4 
Over 3f4 to 1112 5/1s 
Over 1/2 to 21/4 3/a 
Over 21/4 to 6 1/2 
Over6 5fa 

asee Sect. J2. 

The effective length of fillet welds, except fillet welds in holes and slots, shall be the overall 
length of full-size fillets, including returns. 

The effective throat thickness of a fillet weld shall be the shortest distance from the root of the 
joint to the face of the diagrammatic weld, except that for fillet welds made by the submerged arc 
process, the effective throat thickness shall be taken equal to the leg size for 318-inch (9.5 mm) and 
smaller fillet welds, and equal to the theoretical throat plus 0.11 inch (2.8 mm) for fillet welds larger 
than 3fs inch (9.5 mm). 

For fillet welds in holes and slots, the effective length shall be the length or the centerline of the 
weld along the center of the plane through the throat. In the case of overlapping fillets, the effective 
area shall not exceed the nominal cross-sectional area of the hole or slot in tbe plane of the faying 
surface. 

b. Limitations. The minimum size of fillet welds shall be as shown in Table 12.4. Minimum weld 
size is dependent upon the thicker of the two parts joined, except that the weld size need not exceed 
the thickness of the thinner part. For this exception, particular care shall be taken to provide suffi­
cient preheat for soundness of the weld. Weld sizes larger than the thinner par: joined are permitted 
if required by calculated strength. In the as-welded condition, the distance between the edge of the 
base metal and the toe of the weld may be less than 1/16 inch (1.6 mm) provided the weld size is 
clearly verifiable. 

The maximum size of fillet welds that is permitted along edges of connected parts shall be: 

• Material less than 1/4 inch (6.4 mm) thick, not greater than the thickness of the material. 

• Material 1/4 inch (6.4 mm) or more in thickness, not greater than the thickness of the material 
minus 1116 inch (1.6 mm), unless the weld is especially designated on the drawings to be built 
out to obtain full-throat thickness. 

TABLE J2.4 
Minimum Size of Fillet Welds 

Material Thickness of Thicker Minimum Size of Fillet 
Part Joined (in.) Weld8 (in.) 

x25.4for mm 

To 1;4 inclusive 1/a 
Over 1/4 to 1/2 3/16 
Over 1/2 to 3/4 1/4 

Over 3/4 5/1s 

aleg dimension of fillet welds. Single-pass welds must be used. 
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The minimum effective length of fillet welds designed on the basis of strength shall be not less than 
4 times the nominal size, or else the size of the weld shall be considered not to exceed one fourth of 
its effective length. If longitudinal fillet welds are used alone in end connections of flat bar tension 
members, the length of each fillet weld shall not be less than the perpendicular distance between 
them. The transverse spacing of longitudinal fillet welds used in end connections of tension mem­
bers shall not exceed 8 inches (203 mm), unless the member is designed on the basis of effective net 
area in accordance with Section B3. 

Intermittent fillet welds are permitted to transfer calculated stress across a joint or faying surfaces 
when the strength required is less than that developed by a continuous fillet weld of the smallest 
permitted size, and to join components of built-up members. The effective length of any segment of 
intermittent fillet welding shall not be less than four times the weld size, with a minimum of I 1l2 
inches (38 mm). 

In lap joints, the minimum lap shall be five times the thickness of the thinner part joined, but not 
less than I inch (25 mm). Lap joints joining plates or bars subjected to axial stress shall be fillet 
welded along the end of both lapped parts, except where the deflection of the lapped parts is suffi­
ciently restrained to prevent opening of the joint under maximum loading. 

Fillet welds in holes or slots are permitted to transmit shear in lap joints or to prevent the buckling 
or separation of lapped parts and to join components of built-up members. Such fillet welds may 
overlap, subject to the provisions of Section J2. Fillet welds in holes or slots are not to be considered 
plug or slot welds. 

Side or end fillet welds terminating at ends or sides, respectively, of parts or memJers shall, wher­
ever practicable, be returned continuously around the comers for a distance not less than 2 times the 
nominal size of the weld. This provision shall apply to side and top fillet welds connecting brackets, 
beam seats and similar connections, on the plane about which bending moments ar·~ computed. For 
framing angles and simple end plate connections which depend upon flexibility of the outstanding 
legs for connection flexibility, end returns shall not exceed four times the nominal size of the weld. 
Fillet welds which occur on opposite sides of a common plane shall be interrupted at the comer 
common to both welds. End returns shall be indicated on the design and detail drawings. 

3. Plug and Slot Welds. 

a. Effective area. The effective shearing area of plug and slot welds shall be considered as the 
nominal cross-sectional area of the hole or slot in the plane of the faying surface. 

b. Limitations. Plug or slot welds are permitted to transmit shear in lap joints or to prevent buck­
ling of lapped parts and to join component parts of built-up members. 

The diameter of the hole for a plug weld shall not be less than the thickness of the part containing 
it plus 5116 inch (7.9 mm), rounded to the next larger odd '116 inch (1.6 mm), nor greater than the 
minimum diameter plus 11s inch (3.2 mm) or 2114 times the thickness of the weld. 

The minimum center-to-center spacing of plug welds shall be four times the diameter of the hole. 

The minimum spacing of lines of slot welds in a direction transverse to their length shall be four 
times the width of the slot. The minimum center-to-center spacing in a longitudinal direction on any 
line shall be two times the length of the slot. 

The length of slot for a slot weld shall not exceed I 0 times the thickness of the weld. The width of 
the slot shall not be less than the thickness of the part containing it plus 5116 inch (7 9 mm), rounded 
to the next larger odd 1116 inch (1.6 mm), nor shall it be larger than 2114 times the thickness of the 
weld. The ends of the slot shall be semicircular or shall have the comers rounded to a radius not less 
than the thickness of the part containing it, except those ends which extend to the edge of the part. 

The thickness of plug or slot welds in materialS Is inch (16 mm) or less in thickness shall be equal 
to the thickness of the material. In material over 5 Is inch ( 16 mm) thick, the thickness of the weld 
shall be at least one half the thickness of the material but not less than 51s inch (16 mm). 
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4. Allowable Stresses. Except as modified by the provisions of Section K~-. welds shall be pro­
portioned to meet the stress requirements given in Table 12.5. 

5. Combination of Welds. If two or more of the general types of weld (groove, fillet, plug, slot) 
are combined in a single joint, the effective capacity of each shall be separately computed with ref­
erence to the axis of the group in order to determine the allowable capacity of the combination. 

Type of Weld and Stressa 

Tension normal to effective area 

Compression normal to effective 
area 

Tension or compression parallel to 
axis of weld 

Shear on effective area 

Compression normal to effective 
area 

Tension or compression parallel to 
axis of weld9 

Shear parallel to axis of weld 

Tension normal to effective area 

Shear on effective area 

Tension or compression parallel to 
axis of welda 

Shear parallel to laying surfaces (on 
effective area) 

TABLEJ2.5 
Allowable Stress on Weldsf 

Allowable Stress 

x 6.89 for N/mm2 Required Weld Strength Levelb,c 

Complete-penetration Groove Welds 

Same as base metal "Matching" w3ld metal shall be used. 

Same as base metal 

Same as base metal 
Weld metal with a strength level 
equal to or less than "matching" weld 
metal is permitted. 

0.30 x nominal tensile strength of 
weld metal (ksi) 

Partial-penetration Groove Weldsd 

Same as base metal 

Same as base metal 

0.30 x nominal tensile strength of Weld metal with a strength level 

weld metal (ksi) equal to or less than "matching" weld 
metal is permitted. 

0.30 x nominal tensile stren~th of 
weld metal (ksi), except tensi e 
stress on base metal shall not 
exceed 0.60 x yield stress of base 
metal 

Fillet Welds 

0.30 x nominal tensile strength of 
weld metal (ksi) Weld metal with a strength level 

Same as base metal 
equal to or less than "matching" weld 
metal is permitted. 

Plug and Slot Welds 

0.30 x nominal tensile strength of Weld metal with a strength level 
weld metal (ksi) equal to or le·ss than "matching" weld 

metal is permitted. 

8 For definition of effective area, see Section J2. 
bFor "matching" weld metal, see Table 4.1.1, AWS D 1.1 . 
cweld metal one strength level stronger than "matching" weld metal will be permitted. 
dSee Section J2.1 b for a limitation on use of partial-penetration groove welded joints. 
9 Fillet welds and partial-penetration groove welds joining the component elements of built-up members, such as 
flange-to-web connections, may be designed without regard to the tensile or compressive s·:ress in these elements 

tf:arallel to the axis of the welds. 
he design of connected material is governed by Chapters D through G. Also see Commentary Section J2.4. 

6. Mixed Weld Metal. When notch-toughness is specified, the process consumables for all weld 
metal, tack welds, root pass and subsequent passes, deposited in a joint shall be compatible to assure 
notch-tough composite weld metal. 

7. Preheat for Heavy Shapes. For ASTM A 6 Group 4 and 5 shapes and welded built-up mem­
bers made of plates more than 2 inches (51 mm) thick, a preheat equal to or greater than 350°F. 
(177°C.)shall be used when making groove weld splices. 
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J3. BOLTS, THREADED PARTS AND RIVETS 

1. High-strength Bolts. Except as otherwise provided in this Specification, use of high-strength 
bolts shall conform to the provisions of the Specification for Structural Joints Using ASTM A325 or 
A490 Bolts approved by the Research Council on Structural Connections of the Engineering Foun­
dation (RCSC). 

If required to be tightened to more than 50 percent of their minimum specified tensile strength, 
A449 bolts in tension and bearing-type shear connections shall have an F436 hardened washer in­
stalled under the bolt head, and the nuts shall meet the requirements of A563. 

2. Size and Use of Holes. a. The maximum sizes of holes for bolts are given in Table 13.1, except 
that larger holes, required for tolerance on location of anchor bolts in concrete foundations, are per­
mitted in column base details. 

b. Standard holes shall be provided in member-to-member connections, unless oversized, 
short-slotted or long-slotted holes in bolted connections are approved by the design~r. Finger shims 
up to 1/4 inch (6.4 mm) may be introduced into slip-critical connections designed on the basis of 
standard holes without reducing the allowable shear stress of the fastener. 

Bolt 
Diameter 

Bolt 
Diameter 

(x 25.4 for mm) 

1!2 
5/s 
3/4 
7/s 
1 

~ 11/s 

Standard 

TABLE J3.1 
Nominal Hole Dimensions 

Hole Dimensions 

x 25.4 for mm 

Oversized Short-slot 
(Diameter) (Diameter) (Width x length) 

9/16 5!a 9/16 X 11!16 
11!16 13/16 11!16 X 7/s 
13/16 15/16 13/16 X 1 
15/16 11/16 15/16 X 11/s 
11/ls 11/4 11/16 X 15/16 

d+' /16 d + 5/1s (d+ 1/15) x (d+ 3tsl 

Long-slot 
(Width x length) 

9116 X 11/4 
11116 X 19/16 
13/16 X 17/s 
15116 X 23/16 
11/16 X 21/2 

(d+ "1/16) X (2.5 X d) 

c. Oversized holes are permitted in any or all plies of slip-critical connections, but they shall not 
be used in bearing-type connections. Hardened washers shall be installed over oversized holes in an 
outer ply. 

d. Short-slotted holes are permitted in any or all plies of slip-critical or bearing-type connections. 
The slots are permitted without regard to direction of loading in slip-critical connections, but the 
length shall be normal to the direction of the load in bearing-type connections. Washers shall be 
installed over short-slotted holes in an outer ply; when high-strength bolts are used, such washers 
shall be hardened. 

e. Long-slotted holes are permitted in only one of the connected parts of either a slip-critical or 
bearing-type connection at an individual faying surface. Long-slotted holes are permitted without 
regard to direction of loading in slip-critical connections, but shall be normal to the direction of load 
in bearing-type connections. Where long-slotted holes are used in an outer ply, plate washers or a 
continuous bar with standard holes, having a size sufficient to completely cover the slot after instal­
lation, shall be provided. In high-strength bolted connections, such plate washers or continuous 
bars shall not be less than 5/16 inch (7.9 mm) thick and shall be of structural grade material, but need 
not be hardened. If hardened washers are required for use of high-strength bolts, the hardened wash­
ers shall be placed over the outer surface of the plate washer or bar. 
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f. When A490 bolts over l-inch (25 mm) diameter are used in slotted or oversized holes in exter­
nal plies, a single hardened washer conforming to ASTM F 436, except with 5/16 inch (7.9 mm) 
minimum thickness, shall be used in lieu of the standard washer. 

3. Effective Bearing Area. The effective bearing area of bolts, threaded parts and rivets shall be 
the diameter multiplied by the length in bearing, except that for countersunk bolts and rivets one 
half the depth of the countersink shall be deducted. 

4. Allowable Tension and Shear. Allowable tension and shear stresses on bolts, threaded parts 
and rivets shall be as given in Table J3.2, in ksi (N/mm2) of the nominal body area of rivets (before 
driving) or the unthreaded nominal body area of bolts and threaded parts other than upset rods (see 
Footnote c, Table J3.2). High-strength bolts supporting applied load by direct tension shall be so 
proportioned that their average tensile stress, computed on the basis of nominal bolt area and inde­
pendent of any initial tightening force, will not exceed the appropriate stress given in Table J3.2. 
The applied load shall be the sum of the external load and any tension resulting from prying action 
produced by deformation of the connected parts. 

When specified by the designer, the nominal slip resistance for connections having special faying 
surface conditions may be increased to the applicable values in the RCSC Specification for Struc­
tural Joints Using ASTM A325 or A490 Bolts. 

Finger shims up to 1/4 inch (6.4 mm) may be introduced into slip-critical connections designed on 
the basis of standard holes without reducing the allowable shear stress of the fastener to that speci­
fied for slotted holes. 

Design for bolts, threaded parts and rivets subject to fatigue loading shall be in accordance with 
Appendix K4.3. 

2-695 



CHAP. 22, DIV. IX 
2251 1994 UNIFORM BUILDING CODE 

TABLEJ3.2 
Allowable Stress on Fasteners, ksi 

Description of Fasteners 

A502, Gr. 1, hot-driven rivets 

A502, Gr. 2 and 3, hot-driven rivets 

A307 bolts 

Threaded parts meeting the require­
ments of Sections A3.1 and A3.4 
and A449 bolts meeting the re­
quirements of Section A3.4, when 
threads are not excluded from 
shear planes 

Threaded parts meeting the require­
ments of Sections A3.1 and A3.4, 
and A449 bolts meeting the re­
quirements of Section A3.4, when 
threads are excluded from shear 
planes 

A325 bolts, when threads are not ex­
cluded from shear planes 

A325 bolts, when threads are ex­
cluded from shear planes 

A490 bolts, when threads are not ex­
cluded from shear planes 

A490 bolts, when threads are ex­
cluded from shear planes 

8 Static loading only. 

Allowable 
Tension9 (F1) 

x 6.89 for 
N/mm2 

23.0" 

29.0" 

20.0" 

44.o<l 

44.0d 

54.o<l 

54.o<l 

Stan· 
dard-size 

Holes 

17.0 

17.0 

21.0 

21.0 

Allowable Shear g (fy) 

x 6.89 for N/mmz 

Slip-critical Connectionse,l 

Over- Long-slotted hole~• 
sized and 1------.---i 

Short- · 
slotted Transverse! 
Holes Load 

15.0 12.0 

15.0 12.0 

18.0 15.0 

18.0 15.0 

ParalleP 
Load 

1J.O 

1J.O 

13.0 

13.0 

Bearing­
type Con: 
nectionsl 

17.51 

22.01 

10.Qb.f 

0.17Fuh 

21.0f 

30.01 

28.01 

40.o1 

bThreads permitted in shear planes. 
0 The tensile capacity of the threaded portion of an upset rod, based upon the cross-sectional area at its major thread 
diameter At, shall be larger than the nominal body area of the rod before upsetting times 0.60Fy. 

dFor A325 and A490 bolts subject to tensile fatigue loading, see Appendix K4.3. 
9 Ciass A (slip coefficient 0.33). Clean mill scale and blast-cleaned surfaces with Class A coatings. When specified 

by the designer, the allowable stress, Fv. for slip-critical connections having special laying surface conditions may 
be increased to the applicable value given in the RCSC Specification. 

1 When bearing-type connections used to splice tension members have a fastener pattern whose length, measured 
parallel to the line of force, exceeds 50 in., tabulated values shall be reduced by 20%. 

9See Section A5.2. 
hsee Table 2, Numer1cal Values Section for values for specific ASTM steel specifications. 
1 For limitations on use of oversized and slotted holes, see Section J3.2. 
I Direction of load application relative to long axis of slot. 

S. Combined Tension and Shear in Bearing-type Connections. Bolts and :ivets subject to 
combined shear and tension shall be so proportioned that the tension stress F1 in ksi (N/mm2) on the 
nominal body area Ab produced by forces applied to the connected parts, shall not exceed the values 
computed from the equations in Table 13.3, where.fv, the shear stress produced by the same forces, 
shall not exceed the value for shear given in Table 13.2. When allowable stresses are increased for 
wind or seismic loads in accordance with Section A5.2, the constants in the equations listed in Table 
13.3 shall be increased by one third, but the coefficient applied to fv shall not be mcreased. 

6. Combined Tension and Shear in Slip-critical Joints. For A325 and A490 bolts used in 
slip-critical connections, the maximum shear stress allowed by Table J3.2 shall be multiplied by the 
reduction factor (1 - ft Ab I Tb), where ft is the average tensile stress due to a direct load applied to all 
of the bolts in a connection and n is the pretension load of the bolt specified in Table 13.7. When 
allowable stresses are increased for wind or seismic loads in accordance with the provisions of Sec­
tion A5.2, the reduced allowable shear stress shall be increased by one third. 

2-696 



1994 UNIFORM BUILDING CODE 
CHAP. 22, DIV. IX 

2251 

7. Allowable Bearing at Bolt Holes. On the projected area of bolts and rivets in shear connec­
tions with the end distance in the line of force not less than 11 /z d and the distance center-to-center of 
bolts not less than 3d: 

1. In standard- or short-slotted holes with two or more bolts in the line of force, 

Fp = 1.2 Fu 

TABLE J3.3 
Allowable Tension Stress Ft for Fasteners 

in Bearing-type Connections 

(13-1) 

Description of Fasteners Threads Included in Shear Plane Threads Excluded from Shear Plane 

A307 bolts 26 - 1.8fv :<:; 20 

A325 bolts 
j(44)2 - 4.39tl /(44)2 - 2.15f/ 

A490 bolts 
j(54)2 - 3.75tl /(5.1)2 - 1.82f/ 

Threaded parts, A449 bolts over 
11/2-in. dia. 0.43Fu- 1.8fv :<:; 0.33Fu 0.43F,,- 1.4fv :<:; 0.33Fu 

A502 Gr. 1 rivets 

A502 Gr 2 rivets 

For SI: 

30 - 1.3fv :<:; 23 

38 - 1 .3fv :<:; 29 

TABLE J3.3 
Allowable Tension Stress Ft for Fasteners 

in Bearing-type Connections 
Description of Fasteners Threads Included in Shear Plane Threads Excluded from Shear Plane 

A307 bolts 179 -1.8~ :<:; 138 

A325 bolts 
j(303)2 - 4.39f/ /(303)2 - 2.15fv2 

A490bolts 
j{372)2 - 3.75tl /(372)2 - 1.82tl 

Threaded parts, A449 bolts over 
11/2-in. dia. 0.43Fu - 1.8~ :<:; 0.33Fu 0.43R1 - 1.4~ :<:; 0.33Fu 

A502 Gr. 1 rivets 207 - 1.3fv :<:; 158 

A502 Gr 2 rivets 262 -1.3~ :<:; 200 

WHERE: 
Fp = allowable bearing stress, ksi (N/mm2) 

2. In long-slotted holes with the axis of the slot perpendicular to the direction of load and with two 
or more bolts in the line of force, 

Fp = 1.0 Fu (13-2) 
On the projected area of the bolt or rivet closest to the edge in standard- or short- slotted holes 

with the edge distance less than 11/z d and in all connections with a single bolt in the line of force: 

Fp = 4:Ful2d 5,. 1.2Fu (13-3) 
WHERE: 

4 = distance from the free edge to center of the bolt, in. (mm) 
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If deformation around the hole is not a design consideration and adequate spacing and edge dis­
tance is as required by Sections J3.8 and J3.9, the following equation is permitted in lieu of Equation 
(J3-1): 

Fp = 1.5Fu (J3-4) 

and the limit in Equation (J3-3) shall be increased to 1.5Fu. 
8. Minimum Spacing. The distance between centers of standard, oversized or slotted fastener 

holes shall not be less than two and two-thirds times the nominal diameter of the fast,~ner or less than 
that required by the following paragraph, if applicable. 

Along a line of transmitted forces, the distance between centers of holes s shall not be less than 3d 
when Fp is determined by Equations (J3-1) and (J3-2). Otherwise, the distance between centers of 
holes shall not be less than the following: 

a. For standard holes: 

s ~ 2PIFut + d/2 

WHERE: 
P force transmitted by one fastener to the critical connected part, kips (N) 

(J3-S) 

Fu = specified minimum tensile strength of the critical connected part, ksi (!\/mm2) 

t = thickness of the critical connected part, in. (mm) 

b. For oversized and slotted holes, the distance required for standard holes in Subparagraph a 
(above), plus the applicable increment C1 from Table J3.4, but the clear distance between holes 
shall not be less than one bolt diameter. 

9. Minimum Edge Distance. The distance from the center of a standard hole to an edge of a con­
nected part shall not be less than the applicable value from Table J3.5 or the value from Equation 
(J3-6), as applicable. 

Along a line of transmitted force, in the direction of the force, the distance from the center of a 
standard hole to the edge of the connected part 4 shall not be less than 11/2d when l'j, is determined 
by Equations (13-1) or (J3-2). Otherwise the edge distance shall not be less than 

4 ~ 2PIFut (J3-6) 

where P. Fu. tare as defined in Section J3.8. 

TABLE J3.4 
Values of Spacing Increment C1, in. 

Slotted Holes 
Nominal Dia. of Oversize Holes Perpendicular to Parallel to Line of Force 

Fastener 
Line of Force Short-slots Long-slotsa 

x25.4formm 

~.1/a 1/s 0 3/16 11/2d- 1/16 
1 3/16 0 1/4 17/16 

"= 11/s 1/4 0 5/1s 11/2d- 1/16 

awhen length of slot is less than maximum allowed in Table J3. 1, C1 may be reduced by the dill ere 1ce between the 
maximum and actual slot lengths. 
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Nominal Bolt or At Rolled Edges of Plates, Shapes 
Rivet Dia. (in.) At Sheared Edges or Bars, Gas ut or Saw-cut Edgesb 

x25.4formm 
1/2 7/a 3f,. 
5fa 11/a 7/E: 
3/4 11/4 1 
7/a 11f2C 11/e 

1 13f4C 11/4 
11/a 2 11/~ 
11/4 21/4 15/E: 

Over 11/4 13/4 x Dia. 11/4 x Dia. 

aFor oversized or slotted holes, see Table J3.6. 
bAll edge distances in this column may be reduced 1f8-in. (3.2 mm) when the hole is at a point where stress does not 

exceed 25% of the maximum design strength in the element. 
"These may be 11 I 4 in. (32 mm) at the ends of beam connection angles. 

The distance from the center of an oversized or slotted hole to an edge of a. connected part shall 
not be less than required for a standard hole plus the applicable increment C2 from Table 13.6. 

10. Maximum Edge Distance and Spacing. The maximum distance from the center of any riv­
et or bolt to the nearest edge of parts in contact shall be 12 times the thickness of the connected part 
under consideration, but shall not exceed 6 inches (152 mm). Bolted joints in unpainted steel ex­
posed to atmospheric corrosion require special limitations on pitch and edge distance. 

TABLE J3.6 
Values of Edge Distance Increment C2, in. 

Slotted Holes 

Nominal Dia. of Perpendicular to Edge 

Fastener (in.) Oversized Holes Short Slots Long Slotsa Parallel to Edge 

x 25.4for mm 

~.?Ia 1f16 1/a 
1 1fa 1/a %d 0 

~ 11/a 1fa 3/16 
awhen length of slot is less than maximum allowable (see Table J3.1 ), ~ may be reduced bv one-half the difference 

between the maximum and actual slot lengths. · 

For unpainted, built-up members made of weathering steel which will be exposed to atmospheric 
corrosion, the spacing of fasteners connecting a plate and a shape or two-plate components in con­
tact shall not exceed 14 times the thickness of the thinnest part or 7 inches ( 178 mm), and the maxi­
mum edge distance shall not exceed eight times the thickness of the thinnest part, or 5 inches (127 
mm). 

11. Long Grips. A307 bolts which carry calculated stress, with a grip exceeding five diameters, 
shall have their number increased 1 percent for each additional 1/16 inch (1.6 mm) in the grip. 
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TABLE J3.7 
Minimum Pretension for Fully-tightened Bolts, kipsa 

Bolt Size, in. A325 Bolts A490 Bolts 

x 25.4for mm x 4448 for N 

1/2 12 1!; 
5fa 19 24 
3/4 28 3'" .) 

71a 39 4!l 
1 51 64 
11/a 56 80 
1~ 71 10:~ 
1 /a 85 121 
11/2 103 141l 

8 Equal to 0.70 of minimum tensile strength of bolts, rounded off to nearest kip, as specified in ASTIIII specifications 
for A325 and A490 bolts with UNC threads. 

J4. ALLOWABLE SHEAR RUPTURE 

At beam end connections where the top flange is coped, and in similar situations where failure 
might occur by shear along a plane through the fasteners, or by a combination of shear along a plane 
through the fasteners plus tension along a perpendicular plane: 

Fv = 0.30Fu (14-1) 

acting on the net shear area Av and, 
F1 = 0.50Fu 

acting on the net tension area A1• 

(14-2) 

The minimum net failure path on the periphery of welded connections shall be checked.* 

JS. CONNECTING ELEMENTS 

This section applies to the design of connecting elements, such as stiffeners, gussets, angles and 
brackets and the panel zones of beam-to-column connections. 

1. Eccentric Connections. Intersecting axially stressed members shall have their gravity axes 
intersect at one point, if practicable; if not, provision shall be made for bending and shearing 
stresses due to the eccentricity. 

2. Allowable Shear Rupture. For situations where failure might occur by shear along a plane 
through the fasteners, or by a combination of shear along a plane through the fasteners plus tension 
along a perpendicular plane, see Section 14. 

J6. FILLERS 

In welded construction, any filler It4 inch (6.4 mm) or more in thickness shall extend beyond the 
edges of the splice plate and shall be welded to the part on which it is fitted with sufficient weld to 
transmit the splice plate stress, applied at the surface of the filler as an eccentric load. The welds 
joining the splice plate to the filler shall be sufficient to transmit the splice plate stress and shall be 
long enough to avoid overstressing the filler along the toe of the weld. Any filler less than 1/4-inch 
(6.4 mm) thick shall have its edges flush with the edges of the splice plate and the weld size shall be 
the sum of the size necessary to carry the splice plate stress plus the thickness of the filler plate. 

When bolts or rivets carrying computed stress pass through fillers thicker than 1 /.~ inch (6.4 mm), 
except in slip-critical connections assembled with high-strength bolts, the fillers shall be extended 
beyond the splice material and the filler extension shall be secured by enough bolts or rivets to dis­
tribute the total stress in the member uniformly over the combined section of the member and the 

*See Section B2. 
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filler, or an equivalent number of fasteners shall be included in the connection. Fillers between 
1/4-inch (6.4 mm) and %-inch (19 mm) thick, inclusive, need not be extended and developed, pro­
vided the allowable shear stress in the bolts is reduced by the factor, 0.4 (t - 0.25) [For SI: 
(0.4 (t- 6.4 )], where tis the total thickness of the fillers, up to 3/4 inch (19 mm). 

J7. SPLICES 
Groove welded splices in plate girders and beams shall develop the full strength of the smaller 

spliced section. Other types of splices in cross sections of plate girders and beams shall develop the 
strength required by the stresses at the point of splice. 

J8. ALLOWABLE BEARING STRESS 
On contact area of milled surfaces and ends of fitted bearing stiffeners; on projected area of pins 

in reamed, drilled or bored holes: 
Fp = 0.90Fy* (18-1) 

Expansion rollers and rockers, kips per linear inch (N/mm): 

(18-2) 

For SI: (
Fv- 89.6) FP = · 

20 
0.66d 

where dis the diameter of roller or rocker, inch (mm). 

J9. COLUMN BASES AND BEARING ON MASONRY AND CONCRETE 
Proper provision shall be made to transfer the column loads and moments to the footings and 

foundations. 

In the absence of code regulations, the following stresses apply: 

On sandstone and limestone . . . . . . . . . . . . . . . . . . . . . . . . . . . . Fp = 0.40 ksi (2.8 N/mm2) 
On brick in cement mortar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Fp = 0.25 ksi (1.7 N/mm2) 
On the full area of a concrete support . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Fp = 0.35f'c 
On less than the full area of a concrete support . . . . . . . . . . . . . . . . . . . . . . . Fp = 0.35f'c 

WHERE: 
f'c = specified compressive strength of concrete, ksi (N/mm2) 
A 1 area of steel concentrically bearing on a concrete support, in. 2 (mm2) 
Az = maximum area of the portion of the supporting surface that is geometrically similar to and 

concentric with the loaded area, in.2 (mm2) 

J10. ANCHOR BOLTS 
Anchor bolts shall be designed to provide resistance to all conditions on completed structures of 

tension and shear at the bases of columns, including the net tensile components of any bending 
moment which may result from fixation or partial fixation of columns. 

CHAPTER K 
SPECIAL DESIGN CONSIDERATIONS 

This chapter covers member strength design considerations related to concentrated forces, 
ponding, torsion and fatigue. 

*When parts in contact have different yield stresses, Fy shall be the smaller value. 
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K1. WEBS AND FLANGES UNDER CONCENTRATED FORCES 

1. Design Basis. Members with concentrated loads applied normal to one flange and symmetric 
to the web shall have a flange and web proportioned to satisfy the local flange bending, web yielding 
strength, web crippling and sidesway web buckling criteria of Sections Kl.2, Kl.3, K1.4 and Kl.5. 
Members with concentrated loads applied to both flanges shall have a web proportioned to satisfy 
the web yielding, web crippling and column web buckling criteria of Sections Kl.3, K1.4 and Kl.6. 

Where pairs of stiffeners are provided on opposite sides of the web, at concentrated loads, and 
extend at least half the depth of the member, Sections K 1.2 and K 1.3 need not be checked. 

For column webs subject to high shears, see Section Kl.7; for bearing stiffeners, see Section 
Kl.8. 

2. Local Flange Bending. A pair of stiffeners shall be provided opposite the tension flange or 
flange plate of the beam or girder framing into the member when the thickness of the member flange 
fJ is less than 

(K 1-1) 

WHERE: 
Fyc column yield stress, ksi (N/mm2) 

P~r = the computed force delivered by the flange or moment connection plate multiplied by 5/3, 
when the computed force is due to live and dead load only, or by 4h, when the computed 
force is due to live and dead load in conjunction with wind or earthquake forces, kips (N). 

If the length of loading measured across the member flange is less than 0.15b, where b is the 
member flange width, Equation (K 1-1) need not be checked. 

3. Local Web Yielding. Bearing stiffeners shall be provided in beams and welded plate girders if 
the compressive stress at the web toe of the fillets resulting from concentrated loads exceeds 0.66Fy. 

a. When the force to be resisted is a concentrated load producing tension or compression, applied 
at a distance from the member end that is greater than the depth of the member, 

tw(N ~ 5k) ~ 0.66Fv (K1-2) 

b. When the force to be resisted is a concentrated load applied at or near the end of the member, 

tw(N : 2.5k) ~ 0.66Fy (K1-3) 

WHERE: 
R concentrated load or reaction, kips (N) 

tw = thickness of web, in. (mm) 

N = length of bearing (not less thank for end reactions), in. (mm) 

k = distance from outer face of flange to web toe of fillet, in. (mm) 

4. Web Crippling. Bearing stiffeners shall be provided in the webs of members under concen­
trated loads, when the compressive force exceeds the following limits: 

a. When the concentrated load is applied at a distance not less than d/2 from the '~nd of the mem­
ber: 
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R 67.5f![ I + 3(~)(',; l'']; F,.tJit. 

For SI: R ~ 0.40+ + 3(~)(',;)"] jEF,..tJit. 
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(Kl-4) 

b. When the concentrated load is applied Jess than a distance d/2 from the end of the member: 

R ~ 67.51![ I + 3(~)(:Jk,_tJft. (Kl-5) 

For SI: 

WHERE: 
Fvw specified minimum yield stress of beam web, ksi (N/mm) 

d = overall depth of the member, in. (mm) 
tr = flange thickness, in. (mm) 

If stiffeners are provided and extend at least one-half the web depth, Equations (Kl-4) and (Kl-5) 
need not be checked. 

5. Sidesway Web Buckling. Bearing stiffeners shall be provided in the w~bs of members with 
flanges not restrained against relative movement by stiffeners or lateral bracing and subject to con­
centrated compressive loads, when the compressive force exceeds the following limits: 

a. If the loaded flange is restrained against rotation and (dcltw)l(l/bf) is less than 2.3: 

R ~ 6· 8~1; [I + 04 ( ~1;;)'] (Kl-6) 

For SI: R ~ 02!£''[1 + 04 ( ~f;;)] 
b. If the loaded flange is not restrained against rotation and (dcltw)/(1/bf) i:; less than 1.7: 

R = 6, 800t~ [o 4 (dcltw)
3

] 
h . ljb

1 
(Kl-7) 

For SI: R 0.23£t~[04 (dc/tw)
3

] 

h . 1/bf 

WHERE: 
I largest laterally unbraced length along either flange at the point of load, in. (mm) 

hJ = flange width, in. (mm) 

de = d - 2k = web depth clear of fillets, in. (mm) 
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Equations (Kl-6) and (Kl-7) need not be checked providing (dcltw)l(llbf) exceec:s 2.3 or 1.7, re­
spectively, or for webs subject to uniformly distributed load. 

6. Compression Buckling of the Web. A stiffener or a pair of stiffeners shall be provided oppo­
site the compression flange when the web depth clear of fillets de is greater than 

ForSI: 

WHERE: 

4, lOOt we 3 jii;; 
pbf 

O.J4Etwc 3 fii:; 
pbf 

fwc = thickness of column web, in. (mm) 

(Kl-8) 

7. Compression Members with Web Panels Subject to High Shear. Memben subject to high 
shear stress in the web should be checked for conformance with Section F4. 

8. Stiffener Requirements for Concentrated Loads. Stiffeners shall be placed in pairs at un­
framed ends or at points of concentrated loads on the interior of beams, girders or columns if re­
quired by Sections Kl.2 through Kl.6, as applicable. 

If required by Sections K1.2, K1.3 or Equation (Kl-9), stiffeners need not extend more than one 
half the depth of the web, except as follows: 

If stiffeners are required by Sections K1.4 or Kl.6, the stiffeners shall be designed as axially com­
pressed members (columns) in accordance with requirements of Section E2 with an effective length 
equal to 0.15h, a cross section composed of two stiffeners and a strip of the web having a width of 
25tw at interior stiffeners and 12tw at the ends of members. 

When the load normal to the flange is tensile, the stiffeners shall be welded to the loaded flange. 
When the load normal to the flange is compressive, the stiffeners shall either bear on or be welded to 
the loaded flange. 

When flanges or moment connection plates for end connections of beams and girders are welded 
to the flange of an I- or H-shape column, a pair of column-web stiffeners having a combined 
cross-sectional area Asr not Jess than that computed from Equation (Kl-9) shall be provided when­
ever the calculated value of Asr is positive. 

WHERE: 

Pbf- Fycfwc(tb + 5k) 
A,= 

s Fyst 

Fyst stiffener yield stress, ksi (N/mm2) 

(Kl-9) 

k = distance between outer face of column flange and web toe of its fillet, if column is a rolled 
shape, or equivalent distance if column is a welded shape, in. (mm) 

tb = thickness of flange or moment connection plate delivering concentrated force, in. (mm) 

Stiffeners required by the provisions of Equation (Kl-9) and Sections K1.2 and K1.6 shall com­
ply with the following criteria: 

1. The width of each stiffener plus one-half the thickness of the column web shall not be less than 
one third the width of the flange or moment connection plate delivering the concentrated force. 

2. The thickness of stiffeners shall be not less than one half the thickness of the flange or plate 
delivering the concentrated load. 

3. The weld joining stiffeners to the column web shall be sized to carry the force in the stiffener 
caused by unbalanced moments on opposite sides of the column. 
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The roof system shall be investigated by structural analysis to assure adequate strength and sta­
bility under ponding conditions, unless the roof surface is provided with sufficient slope toward 
points of free drainage or adequate individual drains to prevent the accumulition of rainwater. 

The roof system shall be considered stable and not requiring further investigation if: 

Cp + 0.9 C.v ~ 0.25 
and Id ~ 25 (S4) I o-6 For SI: x 426 231 for mm4 

WHERE 

Cp 

C.v 

Lp 

32L, L~ 
1071 p 

32SL~ 

107/., 

column spacing in direction of girder (length of primary members), ft. (mm) 

(K2-l) 
(K2-2) 

L.,. column spacing perpendicular to direction of girder (length of secondary members), ft. 
(mm) 

s 
lp 
f,. 

= 
= 

spacing of secondary members, ft. (mm) 
moment of inertia of primary members, in.4 (mm4) 

moment of inertia of secondary members, in.4 (mm4) 

ld moment of inertia of the steel deck supported on secondary members, in.4 per ft. (mm4/m) 

For trusses and steel joists, the moment of inertia Is shall be decreased IS percent when used in the 
above equation. A steel deck shall be considered a secondary member when it is directly supported 
by the primary members. 

Total bending stress due to dead loads, gravity live loads (if any) and ponding shall not exceed 
0.80Fy for primary and secondary members. Stresses due to wind or seismic forces need not be in­
cluded in a ponding analysis. 

K3. TORSION 
The effects of torsion shall be considered in the design of members and the normal and shearing 

stresses due to torsion shall be added to those from all other loads, with the resultants not exceeding 
the allowable values. 

K4. FATIGUE 

Members and their connections subject to fatigue loading shall be proportioned in accordance 
with the provisions of Appendix K4. 

Few members or connections in conventional buildings need to be designed for fatigue, since 
most load changes in such structures occur only a small number of times or produce only minor 
stress fluctuations. The occurrence of full design wind or earthquake loads is too infrequent to war­
rant consideration in fatigue design. However, crane runways and supporting structures for machin­
ery and equipment are often subject to fatigue loading conditions. 

CHAPTER L 

SERVICEABILITY DESIGN CONSIDERATIONS 

This chapter provides design guidance for serviceability considerations not covered elsewhere. 
Serviceability is a state in which the function of a building, its appearance, maintainability, durabili­
ty and comfort of its occupants are preserved under normal usage. 

Limiting values of structural behavior to ensure serviceability (e.g., maximum deflections, ac­
celerations, etc.) shall be chosen with due regard to the intended function of the structure. 
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If any special camber requirements are necessary to bring a loaded member into proper relation 
with the work of other trades, the requirements shall be set forth in the design documents. 

Trusses of 80 feet (24 384 mm) or greater span generally shall be cambered for approximately the 
dead-load deflection. Crane girders of 75 feet (22 860 mm) or greater span generaEy shall be cam­
bered for approximately the dead-load deflection plus one half the live-load deflection. 

Beams and trusses detailed without specified camber shall be fabricated so that after erection any 
camber due to rolling or shop assembly shall be upward. If camber involves the erection of any 
member under a preload, this shall be noted in the design documents. 

L2. EXPANSION AND CONTRACTION 

Provision shall be made for expansion and contraction appropriate to the service conditions of the 
structure. 

L3. DEFLECTION, VIBRATION AND DRIFT 

1. Deflection. Beams and girders supporting floors and roofs shall be proportioned with due re­
gard to the deflection produced by the design loads. Beams and girders supporting plastered ceil­
ings shall be so proportioned that the maximum live-load deflection does not exceed 1h6o of the 
span. 

2. Vibration. Beams and girders supporting large open floor areas free of partitions or other 
sources of damping shall be designed with due regard for vibration. 

L4. CONNECTION SLIP 

For the design of slip-resistant connections see Section J3. 

LS. CORROSION 

When appropriate, structural components shall be designed to tolerate corrosior. or shall be pro­
tected against corrosion that impairs the strength or serviceability of the structure. 

Where beams are exposed they shall be sealed against corrosion of interior smfaces or spaced 
sufficiently far apart to permit cleaning and painting. 

CHAPTER M 

FABRICATION, ERECTION AND QUALITY CONTROL 

M1. SHOP DRAWINGS 

Shop drawings giving complete information necessary for the fabrication of the Gomponent parts 
of the structure, including the location, type and size of all welds, bolts and rivets, shall be prepared 
in advance of the actual fabrication. These drawings shall clearly distinguish between shop and 
field welds and bolts and shall clearly identify type of high strength bolted connection (snug-tight or 
fully tightened bearing, or slip-critical). 

Shop drawings shall be made in conformity with the best practice and with due regard to speed 
and economy in fabrication and erection. 

M2. FABRICATION 

1. Cambering, Curving and Straightening. Local application of heat or mechanical means are 
permitted to introduce or correct camber, curvature and straightness. The temperature of heated ar­
eas, as measured by approved methods, shall not exceed 1,050°F. (566°C.) for A852 steel, 1,100°F. 
(593°C.) for A514 steel nor 1,200°F. (649°C.) for other steels. The same limits apply for equivalent 
grades of A 709 steels. 
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2. Thermal Cutting. Thermally cut free edges which will be subject to substantial tensile stress 
shall be free of gouges greater than 3/16 inch (4.8 mm). Gouges greater than 3/16-inch (4.8 mm) deep 
and sharp notches shall be removed by grinding or repaired by welding. Themtally cut edges which 
are to have weld deposited upon them shall be reasonably free of notches or gouges. 

All reentrant comers shall be shaped to a smooth transition. If specific contour is required, it must 
be shown on the contract documents. 

Beam copes and weld access holes shall meet the geometrical requirements of Section Jl.8. 
Beam copes and weld access holes in A6 Group 4 and 5 shapes and welded built-up shapes with 
material thickness greater than 2 inches (51 mm) shall be preheated to a temperature of not less than 
150°F. (66°C.) prior to thermal cutting. 

3. Planing of Edges. Planing or finishing of sheared or thermally cut edges of plates or shapes 
will not be required unless specifically called for in the design documents or included in a stipulated 
edge preparation for welding. 

4. Welded Construction. The technique of welding, the workmanship, appearance and quality 
of welds, and the methods used in correcting nonconforming work shall be in accordance with Sec­
tion 3-Workmanship and Section 4--Technique of the AWS Structural Welding Code-Steel, 
Dl.l. 

5. High-strength Bolted Construction-Assembly. All parts of bolted members shall be 
pinned or bolted and held together rigidly while assembling. Use of a drift pin in bolt holes during 
assembling shall not distort the metal or enlarge the holes. Poor matching of holes shall be cause for 
rejection. 

If the thickness of the material is not greater than the nominal diameter of the bolt plus 1 Is inch 
(3.2 mm), the holes may be punched. If the thickness of the material is greater than the nominal 
diameter of the bolt plus 1/ 8 inch (3.2 mm), the holes shall be either drilled or sub-punched and 
reamed. The die for all sub-punched holes and the drill for all sub-drilled holes shall beat least 1/16 
inch ( 1.6 mm) smaller than the nominal diameter of the bolt. Holes in A514 sted plates over 1/z-inch 
(13 mm) thick shall be drilled. 

Surfaces of high-strength-bolted parts in contact with the bolt head and nut shall not have a slope 
of more than l :20 with respect to a plane normal to the bolt axis. Wb~re the surface of a 
high-strength-bolted part has a slope of more than 1 :20, a beveled washer shall be used to compen­
sate for the Jack of parallelism. High-strength-bolted parts shall fit solidly together when assembled 
and shall not be separated by gaskets or any other interposed compressible materials. 

The orientation of fully inserted finger shims, with a total thickness of not more than 1/4 inch (6.4 
mm) within a joint, is independent of the direction of application of the load. 

When assembled, all joint surfaces, including surfaces adjacent to the bolt head and nut, shall be 
free of scale, except tight mill scale, and shall be free of dirt or other foreign material. Burrs that 
would prevent solid seating of the connected parts in the snug-tight condition shall be removed. 
Contact surfaces within slip-critical connections shall be free of oil, paint, lacquer or other coatings, 
except as listed in Table 3 of the RCSC Specification for Structural Joints Using ASTM A325 or 
A490 Bolts. 

The use of high-strength bolts shall conform to the requirements of the RCSC Specification for 
Structural Joints Using ASTM A325 or A490 Bolts. 

G. Compression Joints. Compression joints which depend on contact bearing as part of the 
splice capacity shall have the bearing surfaces of individual fabricated pieces prepared by milling, 
sawing or other suitable means. 

7. Dimensional Tolerances. Dimensional tolerances shall be as permittee in the Code of Stan­
dard Practice of the American Institute of Steel Construction, Inc. 

8. Finishing of Column Bases. Column bases and base plates shall be finished in accordance 
with the following requirements: 
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a. Rolled steel bearing plates 2 inches (51 mm) or less in thickness are permitted without milling, 
provided a satisfactory contact bearing is obtained; rolled steel bearing plates over 2 inches (51 
mm) but not over 4 inches (1 02 mm) in thickness may be straightened by pressing, or if presses are 
not available, by milling for all bearing surfaces (except as noted in Subparagraphs c. and d. of this 
section), to obtain a satisfactory contact bearing; rolled steel bearing plates over 4 inches (102 mm) 
thick shall be milled for all bearing surfaces (except as noted in Subparagraphs c. and d. of this sec­
tion). 

b. Column bases other than rolled steel bearing plates shall be milled for all bearing surfaces (ex­
cept as noted in Subparagraphs c. and d. of this section). 

c. The bottom surfaces of bearing plates and column bases which are grouted to ensure full bear­
ing contact on foundations need not be milled. 

d. The top surfaces of base plates with columns full-penetration welded need not be pressed or 
milled. 

M3. SHOP PAINTING 

1. General Requirements. Shop painting and surface preparation shall be in accordance with the 
provisions of the Code of Standard Practice of the American Institute of Steel Construction, Inc. 

Unless otherwise specified, steelwork which will be concealed by interior building finish or will 
be in contact with concrete need not be painted. Unless specifically excluded, all other steelwork 
shall be given one coat of shop paint. 

2. Inaccessible Surfaces. Except for contact surfaces, surfaces inaccessible after shop assembly 
shall be cleaned and painted prior to assembly, if required by the design documents. 

3. Contact Surfaces. Paint is permitted unconditionally in bearing-type connections. For 
slip-critical connections, the faying surface requirements shall be in accordance with the RCSC 
Specification for Structural Joints Using ASTM A325 or A490 Bolts, paragraph 3. (b). 

4. Finished Surfaces. Machine-finished surfaces shall be protected against corrosion by a 
rust-inhibiting coating that can be removed prior to erection, or which has characteristics that make 
removal prior to erection unnecessary. 

5. Surfaces Adjacent to Field Welds. Unless otherwise specified in the design documents, sur­
faces within 2 inches (51 mm) of any field weld location shall be free of materials that would pre­
vent proper welding or produce toxic fumes during welding. 

M4. ERECTION 

1. Alignment of Column Bases. Column bases shall be set level and to correct elevation with full 
bearing on concrete or masonry. 

2. Bracing. The frame of steel skeleton buildings shall be carried up true and plumb within the 
limits defined in the Code of Standard Practice of the American Institute of Steel Construction. 
Temporary bracing shall be provided, in accordance with the requirements of the Code of Standard 
Practice, wherever necessary to take care of all loads to which the structure may he subjected, in­
cluding equipment and the operation of same. Such bracing shall be left in place as long as may be 
required for safety. 

Wherever piles of material erection equipment or other loads are supported during erection, 
proper provision shall be made to take care of stresses resulting from such loads. 

3. Alignment. No permanent bolting or welding shall be performed until as much of the structure 
as will be stiffened thereby has been properly aligned. 

4. Fit of Column Compression Joints. Lack of contact bearing not exceeding a gap of lf16 inch 
(1.6 mm), regardless of the type of splice used (partial-penetration, groove-welded or bolted), shall 
be acceptable. If the gap exceeds 1! 16 inch (1.6 mm), but is less than lf4 inch (6.4- mm), and if an 
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engineering investigation shows sufficient contact area does not exist, the gap shall be packed with 
nontapered steel shims. Shims may be of mild steel, regardless of the grade of the main material. 

5. Field Welding. Shop paint on surfaces adjacent to welds shall be wire-brushed to reduce paint 
film to a minimum. 

6. Field Painting. Responsibility for touch-up painting, cleaning and field-painting shall be al­
located in accordance with accepted local practices, and this allocation shall be set forth explicitly 
in the design documents. 

7. Field Connections. As erection progresses, the work shall be securely bolted or welded to take 
care of all dead load, wind and erection stresses. 

M5. QUALITY CONTROL 

The fabricator shall provide quality control procedures to the extent that he deems necessary to 
assure that all work is performed in accordance with this Specification. In addition to the fabrica­
tor's quality control procedures, material and workmanship at all times may be subject to inspection 
by qualified inspectors representing the purchaser. If such inspection by representatives of the pur­
chaser will be required, it shall be so stated in design documents. 

1. Cooperation. As far as possible, all inspection by representatives of the purchaser shall be 
made at the fabricator's plant. The fabricator shall cooperate with the inspector, permitting access 
for inspection to all places where work is being done. The purchaser's inspec:or shall schedule his 
work for minimum interruption to the work of the fabricator. 

2. Rejections. Material or workmanship not in reasonable conformance with the provisions of 
this Specification may be rejected at any time during the progress of the work. The fabricator shall 
receive copies of all reports furnished to the purchaser by the inspection agency. 

3. Inspection of Welding. The inspection of welding shall be performed in accordance with Sec­
tion 6 of the A WS Structural Welding Code-Steel, D 1.1. 

When nondestructive testing is required, the process, extent and standards of acceptance shall be 
defined clearly in the design documents. 

4. Inspection of Slip-critical, High-strength Bolted Connections. The inspection of slip-criti­
cal, high-strength bolted connections shall be in accordance with the provisions of the RCSC Al­
lowable Stress Design Specification for Structural Joints Using ASTM A325 or A490 Bolts. 

5. Identification of Steel. The fabricator shall be able to demonstrate by a written procedure and 
by actual practice a method of material application and identification, visible at least through the 
"fit-up" operation, of the main structural elements of a shipping piece. 

The identification method shall be capable of verifying proper material application as it relates 
to: 

1. Material specification designation; 

2. Heat number, if required; 

3. Material test reports for special requirements. 

N1. SCOPE 

CHAPTER N 

PLASTIC DESIGN 

Subject to the limitations contained herein, simple and continuous beams, braced and unbraced 
planar rigid frames, and similar parts of structures rigidly constructed so as to be continuous over at 
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least one interior support,* are permitted to be proportioned on the basis of plastic design, i.e., on the 
basis of their maximum strength. This strength, as determined by rational analysis, shall not be less 
than that required to support a factored load equal to 1.7 times the given live load and dead load, or 
1.3 times these loads acting in conjunction with 1.3 times any specified wind or eruthquake forces. 

Rigid frames shall satisfy the requirements for Type I construction in the plane of the frame, as 
provided in Section A2.2. This does not preclude the use of some simple connections, provided pro­
visions of Section N3 are satisfied. Type 2 construction is permitted for members between rigid 
frames. Connections joining a portion of a structure designed on the basis of plastic behavior with a 
portion not so designed need be no more rigid than ordinary seat-and-top-angle or ordinary web 
connections. 

Where plastic design is used as the basis for proportioning continuous beam> and structural 
frames, the provisions relating to allowable stress are waived. Except as modified by these rules, 
however, all other pertinent provisions of Chapters A through M shall govern. 

Crane runways shall not be designed continuous over interior vertical support~. on the basis of 
maximum strength. However, rigid frame bents supporting crane runways may l::e considered as 
coming within the scope of the rules. 

N2. STRUCTURAL STEEL 

Structural steel shall conform to one of the following specifications: 

A36, A242, A441, A529, A572 and A588. 

N3. BASIS FOR MAXIMUM STRENGTH DETERMINATION 

For one- or two-story frames, the maximum strength is permitted to be determined by a routine 
plastic analysis procedure and ignoring the frame instability effect (P!l.}. For braced multistory 
frames, provisions shall be made to include the frame instability effect in the design of bracing 
system and frame members. For unbraced multistory frames, the frame instability effect shall be 
included directly in the calculations for maximum strength. 

1. Stability of Braced Frames. The vertical bracing system for a plastically designed braced 
multistory frame shall be adequate, as determined by an analysis, to: 

1. Prevent buckling of the structure under factored gravity loads. 

2. Maintain the lateral stability of the structure, including the overturning effects of drift, under 
factored gravity plus factored horizontal loads. 

It is permitted to consider that the vertical bracing system functions together with inplane 
shear-resisting exterior and interior walls, floor slabs and roof decks, if these walls. slabs and decks 
are secured to the structural frames. The columns, girders, beams and diagonal members, when 
used as the vertical bracing system, could be considered to comprise a vertical-cRntilever, simply 
connected truss in the analyses for frame buckling and lateral stability. Axial deformation of all 
members in the vertical bracing system shall be included in the lateral stability analysis. The axial 
force in these members caused by factored gravity plus factored horizontal loads shall not exceed 
0.85Py, where Py is the product of yield stress times the profile area of the member. 

Girders and beams included in the vertical bracing system of a braced multistory frame shall be 
proportioned for axial force and moment caused by the concurrent factored horizontal and gravity 
loads, in accordance with Equation (N4-2), with Pen taken as the maximum axial strength of the 
beam, based on the actual slenderness ratio between braced points in the plane of bending. 

2. Stability of Unbraced Frames. The strength of an unbraced multistory frame shall be deter­
mined by an analysis which includes the effect of frame instability and column axial deformation. 

*As used here, "interior support" includes a rigid-frame knee formed by the junction of a column and a sloping or 
horizontal beam or girder. 
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Such a frame shall be designed to be stable under (1) factored gravity loads and (2) factored gravity 
loads plus factored horizontal loads. The axial force in the columns at factored load levels shall not 
exceed 0.75Py. 

N4. COLUMNS 

In the plane of bending of columns which would develop a plastic hinge at ultimate loading, the 
slenderness ratio 1/r shall not exceed Cc, as defined in Section E2. 

The maximum strength of an axially loaded compression member shall be taken as 

Per = 1.1FaA (N4-1) 
where A is the gross area of the member and Fa, as defined by Equation (E2-1 ), is based upon the 
applicable slenderness ratio. 

Members subject to combined axial load and bending moment shall be proportioned to satisfy the 
following interaction formulas: 

p + C,M :::; 1.0 
P,, ( 1 - f.)MM (N4-2) 

Pp + 1 1M8M :::; l.O;M:::; MP 
y 0 p (N4-3) 

WHERE: 
M maximum factored moment, kip-ft (N·mm) 
P factored axial load, kips (N) 

Pe = Euler buckling load, kips (N) 
(23112)F'c A, where F'c is as defined in Section Hl. 

Cm coefficient defined in Section HI. 
Mm maximum moment that can be resisted by the member in the absence of axial load, kip-ft 
Mp plastic moment, kip-ft (N·mm) 

FyZ 
Z plastic section modulus, in. (mm) 

For columns braced in the weak direction: 

Mm =Mpx 
For columns unbraced in the weak direction: 

For SI: 

NS. SHEAR 

(N4-4) 

(N4-5) 

Unless reinforced by diagonal stiffeners or a doubler plate, the webs of columns, beams and gird­
ers, including areas within the boundaries of the connections, shall be so proportioned that 

V ~ 0.55Fytwd (NS-1) 
WHERE: 

V = shear that would be produced by the required factored loading, kips (N) 
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d = depth of the member, in. (mm) 
tw = web thickness, in. (mm) 

N6. WEB CRIPPLING 

Web stiffeners are required on a member at a point of load application where a plastic hinge 
would form. 

At points on a member where the concentrated load delivered by the flanges of a member framing 
into it would produce web crippling opposite the compression flange or high-temile stress in the 
connection of the tension flange, web stiffeners are required in accordance with the provisions of 
Section K1. 

N7. MINIMUM THICKNESS (WIDTH-THICKNESS RATIOS) 

The width-thickness ratio for flanges of rolled W, M or S shapes and similar built-up, single-web 
shapes subjected to compression involving hinge rotation under ultimate loading ~•hall not exceed 
the following values: 

Fy 
(ksi) 

36 
42 
45 
50 
55 
60 
65 

248 
289 
310 
345 
379 
413 
448 

8.5 
8.0 
7.4 
7.0 
6.6 
6.3 
6.0 

It is permitted to take the thickness of sloping flanges as their average thickne~•s. 

The width-thickness ratio of similarly compressed flange plates in box sections and cover plates 

shall not exceed 190/ jii; (For SI: 1.12 j E/ Fy ). For this purpose, the width of a cover plate shall be 
taken as the distance between longitudinal lines of connecting rivets, high-strength bolts or welds. 

The depth-thickness ratio of webs of members subject to plastic bending shall not exceed the val­
ue given by Equation (N7-1) or (N7-2), as applicable. 

~ ~ ( 1 - 1.4 ;J when ;Y s; 0.27 (N7-1) 

For SI: ~ = 2.42 fl, ( 1 - 1.4 ;J 

ForSI: 

NS. CONNECTIONS 

d 
7 

d 
t 

257 when E. > 0.27 jii; Pv 
(N7-2) 

fl, p 
1.51 when p > 0.27 

y 

All connections, the rigidity of which is essential to the continuity assumed as the basis of the 
analysis, shall be capable of resisting the moments, shears and axial loads to which they would be 
subjected by the full factored loading, or any probable partial distribution thereof. 
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Corner connections (haunches) that are tapered or curved for architectural reasons shall be so 
proportioned that the full plastic bending strength of the section adjacent to the connection can be 
developed, if required. 

Stiffeners shall be used, as required, to preserve the flange continuity of int,~rrupted members at 
their junction with other members in a continuous frame. Such stiffeners shall be placed in pairs on 
opposite sides of the web of the member which extends continuously through the joint. 

High-strength bolts, A307 bolts, rivets and welds shall be proportioned to resist the forces pro­
duced at factored load, using stresses equal to 1.7 times those given in Chap1ers A through M. In 
general, groove welds are preferable to fillet welds, but their use is not mandatory. 

High-strength bolts are permitted in joints having painted contact surfaces when these joints are 
of such size that the slip required to produce bearing would not interfere with t.he formation, at fac­
tored loading, of the plastic hinges assumed in the design. 

N9. LATERAL BRACING 
Members shall be braced adequately to resist lateral and torsional displacements at the plastic 

hinge locations associated with the failure mechanism. The laterally unsuppmted distance lcr from 
such braced hinge locations to similarly braced adjacent points on the member or frame shall not 
exceed the value determined from Equation (N9-1) or (N9-2), as applicable. 

lcr 1, 375 
+ 25 when M -0.5 = fi;- + I.o > M > ry 

p 
(N9-1) 

For SI: 
lcr 9474 + 25 when M - 0.5 ry --y; + 1.0 > M > 

p 

lcr 
= 

1, 375 h -o5>..M.> - 1.0 --wen ry F.v . - MP (N9-2) 

lcr 
= 9474 when -05 > M > - 1.0 ry Fy . - MP For SI: 

WHERE: 
ry = radius of gyration of the member about its weak axis, in. (mm) 
M = lesser of the moments at the ends of the unbraced segment, kip-ft. (N•mm) 

M/Mp = end moment ratio, positive when the segment is bent in reverse curvature and negative 
when bent in single curvature 

The foregoing provisions need not apply in the region of the last hinge to form in the failure mech­
anism assumed as the basis for proportioning a given member, nor in members oriented with their 
weak axis normal to the plane of bending. However, in the region of the last hinge to form, and in 
regions not adjacent to a plastic hinge, the maximum distance between poi11ts of lateral support 
shall be such as to satisfy the requirements of Equations (Fl-5), (Fl-6), or (Fl-7), as well as Equa­
tions (Hl-1) and (Hl-2). For this case, the values of fa andfa shall be computed from the moment 
and axial force at factored loading, divided by the applicable load factor. 

Members built into a masonry wall and having their web perpendicular to this wall can be as­
sumed to be laterally supported with respect to their weak axis of bending. 

N10. FABRICATION 
The provisions of Chapters A through M with respect to workmanship shall govern the fabrica­

tion of structures, or portions of structures, designed on the basis of maximum strength, subject to 
the following limitations: 
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1. The use of sheared edges shall be avoided in locations subject to plastic hinge rotation at fac­
tored loading. If used, they shall be finished smooth by grinding, chipping or planing. 

2. In locations subject to plastic hinge rotation at factored loading, holes for rive1:s or bolts in the 
tension area shall be sub-punched and reamed or drilled full size. 

85. LOCAL BUCKLING 

APPENDIX B 
DESIGN REQUIREMENTS 

2. Slender Compression Elements. Axially loaded members and flexural members containing 
elements subject to compression which have a width-thickness ratio in excess of the applicable non­
compact value, as stipulated in Section B5.1 shall be proportioned according to this Appendix. 

a. Unstiffened Compression Elements. The allowable stress of unstiffened compression ele­
ments whose width-thickness ratio exceeds the applicable noncompact value as stipulated in Sec­
tion B5.1 shall be subject to a reduction factor Qs. The value of Qs shall be determin~d by Equations 
(A-B5-I) through (A-B5-6), as applicable, where b is the width of the unstiffened element as de­
fined in Section B5.1. When such elements comprise the compression flange of a flexural member, 
the maximum allowable bending stress shall not exceed 0.60 FyQs nor the applicable value as pro­
vided in Section F1.3. The allowable stress of axially loaded compression members shall be modi­
fied by the appropriate reduction factor Q, as provided in paragraph c. 

For single angles: 

When 76.0/ JF; < b/t < 155/ JF; : (A-B5-1) 

Q .. = 1.340 - 0.00447(b/t) JF; 

ForSI: When 0.45jE/Fv < b/t < 0.91 jE/Fv : 

Q_, = 1.340 - 0.76(b/t) jFy/E 

When b/t ~ 155/ JF;: (A-B5-2) 

Q .. = 15, 500/[Fy(b/t)2
] 

ForSI: When b/t ~ 0.91 jE/Fv: 

Q_, = 0.53E/[Fv(b/t)2
] 

For angles or plates projecting from columns or other compression members, and for projecting 
elements of compression flanges of beams and girders: 

When 95.0/ jFy/kc < b/t < 195/ jFy/kc: (A-B5-3) 

ForSI: When 

When 
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Q .. = 1.293 - 0.00309(b/t) JiiJ£ 
0.56jE/Fy/kc < b/t < 1.15 jEj(Fy/kc) 

Q .. = 1.293 - 0.53(b/t) jFy/Ekc 

b/t > 195/ jFy/kc: 

Q .. = 26, 200kj[Fv(b/t)2
] 

(A-B5-4) 
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For SI: When b/t > 1.15 jE/(Fv/kc) 

For stems of tees: 

When 

For SI: When 

When 

ForSI: When 

WHERE: 

Q., = 0.90Ekj[Fy(b/t)2
] 

127/ [F; < b/t < 176/ [F; : 

Q .• = 1.908 - 0.00715(b/t) [F; 

0.75 jE/Fv < b/t < 1.04 jE/Fv : 

Q .. = 1.908- I.22(b/t)jFjE 

b/t > 176/ [F;: 

Q .. = 20, 000/[Fy(b/t)2
] 

b/t > 1.04 j E/ Fv 

Q .. = 0.69E/[Fy(b/t)2
] 

b width of unstiffened compression element as defined in Section B5.1 
thickness of unstiffened element, in. (mm) 

Fv specified minimum yield stress, ksi (N/mm2) 

kc = 4.05 if hit> 70, otherwise kc = 1.0 
(h/t)46 

(A-B5-5) 

(A-BS-6) 

Unstiffened elements of tees whose proportions exceed the limits of Section BS.l shall conform 
to the limits given in Table A-BS.l. 

b. Stiffened Compression Elements. When the width-thickness ratio of uniformly compressed 
stiffened elements (except perforated cover plates) exceeds the noncompact limit stipulated in Sec­
tion BS.l, a reduced effective width be shall be used in computing the design properties of the sec­
tion containing the element, except that the ratio belt need not be taken as less than the applicable 
value permitted in Section BS.l. 

For the flanges of square and rectangular sections of uniform thickness: 

253t [ I _ _2Q]__] ~ b 
[J (b/t)fj 

(A-BS-7) 

For SI: 

For other uniformly compressed elements: 

b, = 
2J/ [ 1 _ (b~:;'u] ~ b (A-BS-8) 
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For SI: b = 1 49t m. [ 1 - 0·26 m] < b 
e • y J (bjt) y J -

WHERE: 
b = actual width of a stiffened compression element, as defined in Section B5.1, in. (mm) 

be = reduced width, in. (mm) 
t element thickness, in. (mm) 
f computed compressive stress (axial plus bending stresses) in the stiffened elements, 

based on the design properties as specified in Appendix 85.2, ksi (N/mm2). If unstiffened 
elements are included in the total cross section,ffor the stiffened element must be such 
that the maximum compressive stress in the unstiffened element does not exceed FaQ.. or 
FbQ.., as applicable. 

TABLE A-85.1 
Limiting Proportions for Channels and Tees 

Ratio of full flange width to profile Ratio of flange thickness to web or 
Shape depth stem thickness 

:50.25 :s; 3.') 

Built-up or rolled channels 
:50.50 :s; 2:) 

Built-up tees ~0.50 ~ 1.25 

Rolled tees ~0.50 ~ 1.10 

When the allowable stresses are increased due to wind or seismic loading in accordance with the 
provisions of Section A5.2, the effective width be shall be determined on the basis of 0.75 times the 
stress caused by wind or seismic loading acting alone or in combination with the design dead and 
live loading. 

For axially loaded circular sections: 

Members with diameter-to-thickness ratios Dlt greater than 3,300/Fy [For SI: (22 737)/Fy], but 
having a diameter-to-thickness ratio of less than 13,000/Fy [For SI: (89 570)/f),], shall not ex­
ceed the smaller value determined by Section E2 nor 

WHERE: 
D = outside diameter, in. (mm) 
t = wall thickness, in. (mm) 

F = 662 + 040F 
a D/t . y 

(A-85-9) 

c. Design Properties. Properties of sections shall be determined using the full cross section, ex­
cept as follows: 

In computing the moment of inertia and section modulus of flexural members, the effective width 
of uniformly compressed stiffened elements, as determined in Appendix B5.2b, shall be used in 
determining effective cross-sectional properties. 

For stiffened elements of the cross section 

effective area 
actual area 

(A-85-10) 

For unstiffened elements of the cross section, (1 is determined from Appendix B5.2a. 
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For axially loaded compression members the gross cross-sectional area and the radius of gyration 
r shall be computed on the basis of the actual cross section. 

The allowable stress for axially loaded compression members containing unstiffened or stiffened 
elements shall not exceed 

when Kllr is less than C'c, where 

and 

Q = QsOa 

[ 
(Kl/r)2

] 
Q 1 - ""2"C7 Fy 

l + 3(Kl/r) _ (Kl/r)3 
3 8C' c 8C' c 3 

a. Cross sections composed entirely of unstiffened elements, 

Q = Qs i.e. ({1 = 1.0) 
b. Cross sections composed entirely of stiffened elements, 

Q = 0a i.e. ((1 = 1.0) 
c. Cross sections composed of both stiffened and unstiffened elements, 

Q = QsOa 
When Kllr exceeds C'c: 

)2Jr2£ 
23(Kl/r)2 

(A-BS-11) 

(A-BS-12) 

d. Combined Axial and Flexural Stress. In applying the provisions of Chapter H to members 
subject to combined axial and flexural stress and containing stiffened elements whose width-thick­
ness ratio exceeds the applicable noncompact limit given in Section BS.1, the :;tresses Fa.fbx andfby 
shall be calculated on the basis of the section properties as provided in Appendix BS.2c, as applica­
ble. The allowable bending stress Fb for members containing unstiffened elements whose 
width-thickness ratio exceeds the noncompact limit given in Section BS.1 shall be the smaller val­
ue, 0.60Fy(1, or that provided in Section Fl.3. The term fa/0.60Fy in Equations (H1-2) and 
(A-F7-13) shall be replaced by fa/0.60FyQ. 

APPENDIX F 

BEAMS AND OTHER FLEXURAL MEMBERS 

F7. WEB-TAPERED MEMBERS 

The design of tapered members meeting the requirements of this section shall be governed by the 
provisions of Chapter F, except as modified by this Appendix. 

1. General Requirements. In order to qualify under this Specification, a tapered member must 
meet the following requirements: 

a. It shall possess at least one axis of symmetry which shall be perpendicular to the plane of bend­
ing if moments are present. 

b. The flanges shall be of equal and constant area. 
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c. The depth shall vary linearly as 

(A-F7-1) 

WHERE: 
do depth at smaller end of member, in. (mm) 

dL depth at larger end of member, in. (mm) 

y ( dL - do )Ida ~ the smaller of 0.268 (Udo )or 6.0 
z = distance from the smaller end of member, in. (mm) 

L = unbraced length of member measured between the center of gravity of th:! bracing mem­
bers, in. (mm) 

2. Allowable Tensile Stress. The allowable tensile stress of tapered tension members shall be 
determined in accordance with Section D 1. 

3. Allowable Compressive Stress. On the gross section of axially loaded tapered compression 
members, the allowable compressive stress, in kips per square inch, shall not excee::l the following: 

( 1.0 S2) - 2C~ Fv 

Fay 
3S S3 1 + 

3 sec - 8C~ 

When the effective slenderness ratioS exceeds Cc: 

12Jr2£ 
Fay = 23S2 

WHERE 

S = Kilroy for weak axis bending and Kyllr0 x for strong axis bending 
K effective length factor for a prismatic member 

Ky effective length factor for a tapered member as determined by an analysis 

l = actual unbraced length of member, in. (mm) 

(A-F7-2) 

(A-F7-3) 

r0 x strong axis radius of gyration at the smaller end of a tapered member, in. (mm) 

r0 y weak axis radius of gyration at the smaller end of a tapered member, in. (mm) 

4. Allowable Flexural Stress. Tension and compression stresses on extreme fibers of tapered 
flexural members, in kips per square inch (N/mm2), shall not exceed the following values: 

2 [ Fy ] Fb = - 1.0 - F 2 s 
Y 3 68 IF 2 + F 2 v Sy Wy 

0.60Fy 
(A-F7-4) 

unless Fby < Fy/3, in which case 

Fbr B jF2 + F 2 Sy Wy (A-F7-5) 
In the above equations, 

Fsy 
12 X 103 
hsLdo/Af (A-F7-6) 

ForSI: F,r 
82 680 

h,Ld0 /Af 
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For SI: 

WHERE: 

170 X 103 

(hw L/rro)2 

I 171 300 
(hw L/rro)2 

hs factor equal to 1.0 + 0.0230y jLdofA
1 

hw factor equal to 1.0 + 0.00385 jL/rro 

CHAP. 22, DIV. IX 
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(A-F7-7) 

'To radius of gyration to a section at the smaller end, considering only the compression flange 
plus one third of the compression web area, taken about an axis in the plane of the web, in. 
(mm) 

At = area of the compression flange, in.2 (mm2) 
and where B is determined as follows: 
a. When the maximum moment Mz in three adjacent segments of approximately equal unbraced 

length is located within the central segment and M 1 is the larger moment at one end of the three-seg­
ment portion of a member:* 

B = 1.0 + o.37( 1.0 + Z:) + o.50y( 1.0 + ZJ ~ 1.0 (A-F7-8) 

b. When the largest computed bending stressfbz occurs at the larger end of two adjacent segments 
of approximately equal unbraced lengths and fb 1, is the computed bending str,~ss at the smaller end 
of the two-segment portion of a member:* 

B = 1.0 + o.5s( 1.0 + ~~) - o.10y( 1.0 + ~~) ~ 1.0 (A-F7-9) 

c. When the largest computed bending stressfbz occurs at the smaller end of two adjacent seg­
ments of approximately equal unbraced length and fbi is the computed bending stress at the larger 
end of the two-segment portion of a member:** 

B = 1.0 + o.55( 1.0 + ~~) + 2.20y( 1.0 + ~:) ~ 1.0 (A-F7-IO) 

In the foregoing, y = (dL - doYdo is calculated for the unbraced length containing the maximum 
computed bending stress. 

d. When the computed bending stress at the smaller end of a tapered member or segment thereof 
is equal to zero: 

B = 1.75 
1.0 + 0.25 fY 

(A-F7-ll) 

where y = (dL - daY% calculated for the unbraced length adjacent to the point of zero bending 
stress. 

5. Allowable Shear. The allowable shear stress of tapered flexural members shall be in accor­
dance with Section F4. 

6. Combined Flexure and Axial Force. Tapered members and unbraced segments thereof sub­
jected to both axial compression and bending stresses shall be proportioned to satisfy the following 
requirement: 

*M1/Mz is considered as negative when producing single curvature. In the rare case wher·! M1/M2 is positive, it is 
recommended it be taken as zero. 

**Ji,Jifbz is considered as negative when producing single curvature. If a point of contrafle).ure occurs in one of two 
adjacent unbraced segments,Ji,J/Ji,z is considered as positive. The ratiofi,1/fi,z = 0. 
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1.0 (A-F7-12) 

-
6
fa + Ffb $ 1.0 (A-F7-13) 

0. OFy by 

When fa 111FaY < 0.15, Equation (A-F7-14) is pennitted in lieu of Equations (A-F7-12) and 
(A-F7-13). 

(t:J + (t~) $ l.O (A-F7-14) 

WHERE: 
Fay axial compressive stress permitted in the absence of bending moment, ksi (N/mm2) 
Fby bending stress pennitted in the absence of axial force, ksi (N/mm2) 
F'ey Euler stress divided by factor of safety, ksi (N/mm2), equal to 

J2Jr2£ 

where lb is the actual unbraced length in the plane of bending and fbo is the corresponding radius of 
gyration at its smaller end 

fao computed axial stress at the smaller end of the member or unbraced segment thereof, as 
applicable, ksi (N/mm2) 

.fb 1 computed bending stress at the larger end of the member or unbraced segment thereof, as 
applicable, ksi (N/mm2) 

C m coefficient applied to bending tenn in interaction equation 

when the member is subjected to end moments which cause single curvature bending and approxi­
mately equal computed bending stresses at the ends 

when the computed bending stress at the smaller end of the unbraced length is equal to zero. 

When Kllr ~ Cc and combined stresses are checked incrementally along the length,fa11 may be 
replaced by fa and.fbt may be replaced by .fb, in Equations (A-F7-12) and (A-F7-l4). 

APPENDIX K 

STRENGTH DESIGN CONSIDERATIONS 

K4. FATIGUE 

Members and connections subject to fatigue loading shall be proportioned in accordance with the 
provisions of this Appendix. 
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Fatigue, as used in this Specification, is defined as the damage that may result in fracture after a 
sufficient number of fluctuations of stress. Stress range is defined as the magnitude of these fluctua­
tions. In the case of a stress reversal, the stress range shall be computed as the numerical sum of 
maximum repeated tensile and compressive stresses or the sum of maximum shearing stresses of 
opposite direction at a given point, resulting from differing arrangement of live load. 

1. Loading Conditions; Type and Location of Material. In the design of members and connec­
tions subject to repeated variation of live load, consideration shall be given to the number of stress 
cycles, the expected range of stress and the type and location of member or detail. 

Loading conditions shall be classified according to Table A-K4.1. 

The type and location of material shall be categorized according to Table A-K4.2. 

2. Allowable Stress Range. The maximum stress shall not exceed the basic allowable stress pro­
vided in Chapters A through M of this Specification and the maximum range of stress shall not ex­
ceed that given in Table A-K4.1. 

Loading Condition 

1 
2 
3 
4 

TABLE A-K4.1 
Number of Loading Cycles 

From 

20,0008 
100,000 
500,000 

Over 2,000,000 

8 Approximately equivalent to two applications every day for 25 years. 
bApproximately equivalent to 10 applications every day for 25 years. 
CApproximately equivalent to 50 applications every day for 25 years. 
dApproximately equivalent to 200 applications every day for 25 years. 

To 

100,00Qb 
500,000° 

2,000,000d 

3. Tensile Fatigue. When subject to tensile fatigue loading, the tensile stress in A325 or A490 
bolts due to the combined applied load and prying forces shall not exceed the following values, and 
the prying force shall not exceed 60 percent of the externally applied load. 

Number of Cycles (ksi) (N/mm2) (ksi) (N/mm2) 

Not more than 20,000 44 (303) 54 (372) 
From 20,000 to 500,000 40 (276) 49 (338) 
More than 500,000 31 (214) 38 (262) 

Bolts must be tensioned to the requirements of Table 13. 7. 

The use of other bolts and threaded parts subjected to tensile fatigue loading is not permitted. 
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TABLE A-K4.2 
Stress Category Classifications 

Illustrative 
Stress Example Nos. 

General Kind of Category (see (see Fi\b 
Condition Situation Stress8 Table A-K4.3) A-K4.1) 

Plain Material Base metal with rolled or cleaned surface. Tor Rev. A 1, 2 
Flame-cut edges with ANSI smoothness of 
1,000 or less 

Built-up Base metal in members without Tor Rev. B 3,4,5,6 
Members attachments, built-up plates or shapes 

connected by continuous full-penetration 
groove welds or by continuous fillet welds 
parallel to the direction of applied stress 

Base metal in members without Tor Rev. B' 3,4,5,6 
attachments, built-up plates, or shapes 
connected by full-penetration groove welds 
with backing bars not removed, or by 
partial-penetration groove welds parallel to 
the direction of applied stress 

Base metal at toe of welds on girder webs Tor Rev. c 7 
or flanges adjacent to welded transverse 
stiffeners 

Base metal at ends of partial length welded 
cover plates narrower than the flange 
having square or tapered ends, with or 
without welds across the ends or wider than 
flange with welds across the ends 
Flange thickness :;; 0.8 in. (20 mm) Tor Rev. E 5 
Flange thickness > 0.8 in. (20 mm) Tor Rev. E' 5 

Base metal at end of partial length welded E' 5 
cover plates wider than the flange without 
welds across the ends 

Groove Welds Base metal and weld metal at Tor Rev. B 10,11 
full-penetration groove welded splices of 
parts of similar cross section ground flush, 
with grinding in the direction of applied 
stress and with weld soundness established 
by weld soundness established by 
radiographic or ultrasonic inspection in 
accordance with the requirements of 9.25.2 
or 9.25.3 of AWS 01.1 
Base metal and weld metal at 
full-penetration groove welded splices at 
transitions in width or thickness, with welds 
ground to provide slopes no steeper than 1 
to 21/2 with grinding in the direction of 
applied stress, and with weld soundness 
established by radiographic or ultrasonic 
inspection in accordance with the 
requirements of 9.25.2 or 9.25.3 of AWS 
01.1 

A514 base metal Tor Rev. B' 12,13 
Other base metals Tor Rev. B 12,13 

Base metal and weld metal at Tor Rev. c 10, 11, 12,13 
full-penetration groove welded splices, with 
or without transitions having slopes no 
greater than 1 to 21/2 when reinforcement is 
not removed but weld soundness is 
established by radiographic or ultrasonic 
inspection in accordance with requirements 
of 9.25.2 or 9.25.3 of AWS D1.1 

(Continued) 
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Stress Category Classifications-Continued 
Illustrative 

Stress Example Nos. 
General Kind of Category (see (see Fi\\; 

Condition Situation Stressa Table A-K4.3) A-K4.1) 

Partial-penetra- Weld metal of partial-penetration transverse Tor Rev. FC 16 
lion Groove groove welds, based on effective throat ,. 
Welds area of the weld or welds 

Fillet-welded Base metal at intermittent fillet welds Tor Rev. E 
Connections 

Base metal at junction of axially loaded 
members with fillet-welded end connections. 
Welds shall be disposed about the axis of 
the member so as to balance weld stresses 
b~ 1 in. (25 mm) Tor Rev. E 17, 18 
b > 1 in. (25 mm) Tor Rev. E' 17, 18 

Base metal at members connected with 
transverse fillet welds 
b ~ 1/2 in. (13 mm) Tor Rev. c 20,21 
b> 1/2 in. (13mm) See Note c 

Fillet Welds Weld metal of continuous or intermittent s FC 15, 17, 18, 20, 
longitudinal or transverse fillet welds 21 

Plug or Base metal at plug or slot welds Tor Rev. E 27 
Slot Welds 

Shear on plug or slot welds s F 27 

Mechanically Base metal at gross section of high-strength Tor Rev. B 8 
Fastened bolted slip-critical connections, except 
Connections axially loaded joints which induce 

out-of-plane bending in connected material 

Base metal at net section of other Tor Rev. D 8,9 
mechanically fastened joints 

Base metal at net section of fully tensioned Tor Rev. B 8,9 
high-strength, bolted-bearing connections 

Attachments Base metal at details attached by 
full-penetration groove welds subject to 
longitudinal and/or transverse loading when 
the detail embodies a transition radius R 
with the weld termination ground smooth 
and for transverse loading, the weld 
soundness established by radiographic or 
ultrasonic inspection in accordance with 
9.25.2 or 9.25.3 of AWS D1.1 

Longitudinal loading 
R> 24 in. (610 mm) Tor Rev. B 14 
24 in. (610 mm) > R> 6 in. (152 mm) Tor Rev. c 14 
6 in. (152 mm) > R> 2 in. (51 mm) Tor Rev. D 14 
2 in. (51 mm) > R Tor Rev. E 14 

Detail base metal for transverse loading: 
equal thickness and reinforcement removed 

R> 24 in. (610 mm) Tor Rev. B 14 
24 in. (610 mm) > R> 6 in. (152 mm) Tor Rev. c 14 
6 in. (152 mm) > R> 2 in. (51 mm) Tor Rev. D 14 
2 in. (51 mm) > R Tor Rev. E 14,15 

Detail base metal for transverse loading: 
equal thickness and reinforcement not 
removed 

R> 24 in. (610 mm) Tor Rev. c 14 
24 in. (610 mm) > R> 6 in. (152 mm) Tor Rev. c 14 
6 in. (152 mm) > R> 2 in. (51 mm) Tor Rev. D 14 
2 in. (51 mm) > R Tor Rev. E 14,15 

(Continued) 
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TABLE A-K4.2 
Stress Category Classifications-Continued 

Illustrative 
Stress Example Nos. 

General Kind of Category (see (see Fi~ 
Condition Situation Stress a Table A-K4.3) A-K4.1) 

Attachments Detail base metal for transverse loading: 
(cont.) unequal thickness and reinforcement 

removed 
R> 2 in. (51 mm) Tor Rev. D 14 
2 in. (51 mm) > R Tor Rev. E 14,15 

Detail base metal for transverse loading: 
unequal thickness and reinforcement not 
removed 

all R Tor Rev. E 14,15 

Detail base metal for transverse loading 
R> 6 in. (152 mm) Tor Rev. c 19 
6 in. (152 mm) > R> 2 in. (51 mm) Tor Rev. D 19 
2 in. (51 mm) > R Tor Rev. E 19 

Base metal at detail attached by 
full-penetration groove welds subject to 
longitudinal loading 

2 <a< 12bor 4 in. (102 mm) Tor Rev. D 15 
a> 12b or 4 in. (1 02 mm) when b ~ 1 in. Tor Rev. E 15 

(25mm) 
a> 12b or 4 in. (1 02 mm) when b > 1 in. Tor Rev. E' 15 

(25mm) 

Base metal at detail attached by fillet welds 
or partial-penetration groove welds subject 
to longitudinal loading 

a< 2 in. (51 mm) Tor Rev. c 15,23,24,25,26 
2 in. (51 mm) <a< 12bor4 in. (102 mm) Tor Rev. D 15,23,24,26 
a> 12bor4in. (102 mm)when b~ 1 in. Tor Rev. E 15,23,24,26 

(25mm) 
a> 12b or 4 in. (1 02 mm) when b > 1 in. Tor Rev. E' 15,23,24,26 

(25mm) 

Base metal attached by fillet welds or 
partial-penetration groove welds subjected 
to longitudinal loading when the weld 
termination embodies a transition radius 
with the weld termination ground smooth: 

R> 2 in. (51 mm) Tor Rev. D 19 
R~ 2 in. (51 mm) Tor Rev. E 19 

Fillet-welded attachments where the weld 
termination embodies a transition radius, 
weld termination ground smooth, and main 
material subject to longitudinal loading: 
Detail base metal for transverse loading: 

R > 2 in. (51 mm) Tor Rev. D 19 
R < 2 in. (51 mm) Tor Rev. E 19 

Base metal at stud-type shear connector Tor Rev. c 22 
attached by fillet weld or automatic end weld 

Shear stress on nominal area of stud-type s F 
shear connectors 

a"T" signifies range in tensile stress only; "Rev." signifies a range involving reversal of tensile or compressive stress; "S" 
signifies range in shear, including shear stress reversal. 

bThese examples are provided as guidelines and are not intended to exclude other reasonably similar situations. 
cAIIowable fatigue stress range for transverse partial-penetration and transverse fillet welds is a function of the effective 

throat, depth of penetration and plate thickness. See Frank and Fisher (1979). 
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ILLUSTRATIVE EXAMPLEs-(Continued) 

-- ___ ,_,~--
oeta\1 base metal lor transverse loading: 
unequal thickness an<! reinlorcement not 

removed 
all R Detail base metal lor transverse loading 

A,.sin.(t52mm) 
6 in.\152 mm).,. R.,. 2 in.\51 mm\ 
?in151mrn\'R 

1 or f\e\1. 

Tor Rev. 
Tor Rev. 
iorl'lel/. 

27 

E 

c 
D 
E 

14, 15 

19 
19 
19 
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Category 
(From 

T.al'>I.~>)!.-K4.2) 

A 
8 
B' 
c 
D 
E 
E' 
F 

TABLE A-K4.3 
Allowable Stress Range, ksi 

Loading Loading 
Condition Condition 

1 2 

Loading 
Condition 

3 

x 6.89 for N/mm2 

63 37 24 
49 29 18 
39 23 15 
35 21 13 
28 16 10 
22 13 8 
16 9 6 
15 12 9 

•Flexural stress range of 12 ksi (83 N/mm2) permitted at toe of stiffener welds on flanges. 

TABLE 1 
Allowable Stress as a Function of Fy 

Fy Design Stress (ksi) 
(ksi) 0.40Fl· 9 0.45Fy 8 0.60Fy 8 ·C 0.66Fyc 0.75Fyc 

x 6.89 for N/mm2 

33 13.2 14.9 19.8 21.8 24.8 
35 14.0 15.8 21.0 23.1 26.3 
36 14.5 16.2 22.0 24.0 27.0 

40 16.0 18.0 24.0 26.4 30.0 
42 16.8 18.9 25.2 27.7 31.5 
45 18.0 20.3 27.0 29.7 33.8 

46 18.4 20.7 27.6 30.4 34.5 
50 20.0 22.5 30.0 33.0 37.5 
55 22.0 24.8 33.0 36.3 41.3 

60 24.0 27.0 36.0 39.6 45.0 
65 26.0 29.3 39.0 42.9 48.8 
70 28.0 31.5 42.0 

90 36.0 40.5 54.0 
100 40.0 45.0 60.0 

•See Sect. 01, 03 Tension 
bSee Sect. 03, F4, K1 Shear 
csee Sect. F1, F2 Bending 
dSee Sect. J8 Bearing 
9 See Sect. G3 Shear in Plate Girders 
--
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Loading 
Condition 

4 

24 
16 
12 
10a 

7 
5 
3 
8 

0.90Fyd 

29.7 
31.5 
32.4 

36.0 
37.8 
40.5 

41.4 
45.0 
49.5 

54.0 
58.5 
63.0 

81.0 
90.0 
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TABLE 2 
Allowable Stresses as a Function of Fu 

Allowable Stress (ksi) J 
Connected Part Bolt or Threaded 

E of Designated Part of 

~ Steel Designed Steel 
Fy Fu Tension Beanng Tension Shear Shear 

ASTM 
(ksi) (ksi) 0.5Fu• 1 2Fub 0.33FuC 0.17Fud 0.22Fu• 

Designation x 6.89 for N/mm2 

Ul A36 36 58-80 29.0 69.6 19.1 9.9 12.8 
t: 

A 53 35 60 30.0 72.0 - -as 
ll. 

11.9 15.4 -g 50 70 35.0 84.0 23.1 
[ A242 J 46 67 33.5 80.4 22.1 11.4 14.7 

'0 A441 42 63 31.5 75.6 20.8 10.7 13.9 as A588 Gl 40' 60 30.0 72.0 19.8 10.2 13.2 .. 
.c A500 33/399 45 22.5 54.0 - - -1-.. 42/469 58 29.0 69.6 - - -
0 46/509 62 31.0 74.4 - - -
C) 

A501 1: 36 58 29.0 69.6 - - -
:a A529 42 60-85 30.0 72.0 19.8 10.2 13.2 
?!-
'0 A570 40 55 27.5 66.0 - -
1: 42 58 29.0 69.6 - - -as 

i A572 42 60 30.0 72.0 19.8 10.2 13.2 
50 65 32.5 78.0 21.5 11.1 14.3 

.c 60 75 37.5 90.0 24.8 12.8 16.5 en 65 60 40.0 96.0 26.4 13.6 17.6 rn 
A514 100 110-130 55.0 132 36.3 18.7 24.2 .. 

as 90 100-130 50.0 120 33.0 17.0 22.0 ID 
rn A606 45 65 32.5 78.0 -

~ 50 70 35.0 84.0 - - -

0:: A607 45 60 30.0 72.0 - -

' rn 50 65 32.5 78.0 - - -
55 70 35.0 84.0 - - -8. 60 75 37.5 90.0 - - -as 65 60 40.0 96.0 - - -.c en 70 65 42.5 102 - - -

A618 50 70 35.0 84.0 - - -
50 65 32.5 78.0 - - -

A852 70 90-110 45.0 108 - - -
Ul A449 92 120 - - 39.6 20.4 26.4 -0 81 105 - - 34.7 17.9 23.1 
ID 58 90 - - 29.7 15.3 19.8 

•on effective net area, see Sects. D1, J4. 
bProduced by fastener In shear, see Sect. J3. 7. Note that smaller maximum design bearing stresses, as a function of hole spacing, may be 

required by Sects. J3.8 and J3.9. 

I 

con nominal body area, see Table J3.2. 
dThreads not excluded from shear plane, see Table J3.2. 
•Threads excluded from shear plane, see Table J3.2. 
'For A441 material only. I 

9Smaller value for circular shapes, larger for square or rectangular shapes. 
Note: For dimensional and size limitations, see the appropriate ASTM Sf)ecifjcation. 

2-728 



1994 UNIFORM BUILDING CODE 

TABLE 3 
VALUES OF Ca 
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For Determining Allowable Stress When Kl/r::;; Cc for Steel of Any Yield Stress 
(by Eq. Fa = CaFy)a 

!SJir !SJir Kllr 
Cc Ca Cc Ca Cc 

.01 .599 .26 .548 .51 

.02 .597 .27 .546 .52 

.03 .596 .28 .543 .53 

.04 .594 .29 .540 .54 

.05 .593 .30 .538 .55 

.06 .591 .31 .535 .56 

.07 .589 .32 .532 .57 

.08 .588 .33 .529 .58 

.09 .586 .34 .527 .59 

.10 .584 .35 .524 .60 

.11 .582 .36 .521 .61 

.12 .580 .37 .518 .62 

.13 .578 .38 .515 .63 

.14 .576 .39 .512 .64 

.15 .574 .40 .509 .65 

.16 .572 .41 .506 .66 

.17 .570 .42 .502 .67 

.18 .568 .43 .499 .68 

.19 .565 .44 .496 .69 

.20 .563 .45 .493 .70 

.21 .561 .46 .489 .71 

.22 .558 .47 .486 .72 

.23 .556 .48 .483 .73 

.24 .553 .49 .479 .74 

.25 .551 .50 .476 .75 

"When ratios exceed the noncompact section limits of Sect. 95.1, use 

and equation Fa= C8 0 8 0 5 Fy (Appendix Sect. 95). 

TABLE 4 
VALUES OF Cc 

!SJir 
Ca Cc Ca 

.472 .76 .375 

.469 .77 .371 

.465 .78 .366 

.462 .79 .362 

.458 .80 .357 

.455 .81 .353 

.451 .82 .348 

.447 .83 .344 

.444 .84 .339 

.440 .85 .335 

.436 .86 .330 

.432 .87 .325 

.428 .88 .321 

.424 .89 .316 

.420 .90 .311 

.416 .91 .306 

.412 .92 .301 

.408 .93 .296 

.404 .94 .291 

.400 .95 .286 

.396 .96 .281 

.392 .97 .276 

.388 .98 .271 

.384 .99 .266 

.379 1.00 .261 

Kl/r . r 1 Cc' m 1eu o Kl/r values 
Cc 

For Use with Equations (E2-1) and (E2-2) and in Table 3 

Fy Fy 
(ksi) (ksi) 

( x 6.89 for N/mm2) Cc ( x 6.89 for N/mm2) Cc 
33 131.7 46 111.6 
35 127.9 50 107.0 
36 126.1 55 102.0 
39 121.2 60 97.7 
40 119.6 65 93.8 
42 116.7 90 79.8 
45 112.8 100 75.7 

Qi 
Q) 

(;) -0 
CJ) 
Q) 

-g 
..... 
0> 

<( 
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TABLE 5 
Slenderness Ratios of Elements as a Function of Fy 

Specification Fy (ksi) 
Section and Ratios 36 42 46 50 60 65 

Table 85.1 
65/ fFr 10.8 10.0 9.6 9.2 8.4 8.1 

190/ fFr 31.7 29.3 28.0 26.9 24.5 23.6 

640/ fFr 106.7 98.8 94.4 90.5 82.6 79.4 

257/ fFr 42.8 39.7 37.9 36.3 33.2 31.9 

Sect. F1.2 

102x103Cb 53jC';, 49 ;c;, 47 ;c;, 45jC';, 41 ;c;, 40 ;c;, 
Fy 

1510x1o3cb 

Fy 
119jC';, 110jC';, 1osjC;, 101 ;c;, 92jC';, 89 ;c;, 

Table 85.1 
76/ fFr 12.7 11.7 11.2 10.7 9.8 9.4 

95/ fFr 15.8 14.7 14.0 13.4 12.3 11.8 

127/ fFr 21.2 19.6 18.7 18.0 16.4 15.8 

Table 85.1 JFr 
238/ Fy 39.7 36.7 35.1 33.7 30.7 29.5 

I 

317/ fFr 52.8 48.9 46.7 44.8 40.9 39.3 

253/ fFr 42.2 39.0 37.3 35.8 32.7 31.4 

Table 85.1-Appendix 
85.2b 

3300/Fy 91.7 78.6 71.7 66.0 55.0 50.8 

13000/Fy 361 310 283 260 217 200 

Sect. G1 
14000 

Fy (Fy + 16.5) 322 282 261 243 207 192 

2000/ fFr 333 309 295 283 258 248 
---

NOTE: See next page for metric conversions. 
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TABLE 5 

CHAP. 22, DIV. IX 
2251 

Slenderness Ratios of Elements as a Function of Fy 

Fy(ksi) 

Specification x 6.89 for N/mm2 

Section and Ratios 36 42 46 50 60 65 
Table 85.1 

0.38jE/Fy 10.8 10.0 9.6 9.2 8.4 8.1 

1.12jE/Fy 31.7 29.3 28.0 26.9 24.5 23.6 

3.76jE/Fy 106.7 98.8 94.4 90.5 82.6 79.4 

1.51 jEJFy 42.8 39.7 37.9 36.3 33.2 31.9 

Sect. F1.2 

~ 53 rc;, 49[C;, 47 rc;, 45[C;, 41 rc;, 40 rc;, 
y 

j-17.59ECb 
Fy 

119[C;, 110[C;, 105[C;, 101 rc;, 92 rc;, 89 rc;, 
Table 85.1 JEiFr 

0.45 E/Fy 12.7 11.7 11.2 10.7 9.8 9.4 

0.56jEJFy 15.8 14.7 14.0 13.4 12.3 11.8 

0.75jEJFy 21.2 19.6 18.7 18.0 16.4 15.8 

Table 85.1 JEiFr 
1.40 E/Fy 39.7 36.7 35.1 33.7 30.7 29.5 

1.86jE/Fy 52.8 48.9 46.7 44.8 40.9 39.3 

1.49jE/Fy 42.2 39.0 37.3 35.8 32.7 31.4 

Table 85.1-Appendix 
85.2b 

0.11 E!Fy 91.7 78.6 71.7 66.0 55.0 50.8 

0.43 E!Fy 361 310 283 260 217 200 

Sect. G1 
0.48E 

Fy (Fy + 113.7) 322 282 261 243 207 192 

11.76jE/Fy 333 309 295 283 258 248 
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TABLE 6 
Values of Cb 

For Use in Equations (F1-6), (F1-7) and (F1-8) 
Ml Ml 
M2 q, M2 cb 

-1.00 1.00 -0.45 1.34 
-0.95 1.02 -0.40 1.38 
-0.90 1.05 -0.35 1.42 

-0.85 1.07 -0.30 1.46 
-0.80 1.10 -0.25 1.51 
-0.75 1.13 -0.20 1.55 

-0.70 1.16 -0.15 1.60 

-0.65 1.19 -0.10 1.65 
-0.60 1.23 -0.05 1.70 

-0.55 1.26 0 1.75 
-0.50 1.30 0.05 1.80 

Note 1: Ct, = 1.75 + 1.05(M1/M2) + 0.3(M1/M:!)2 s 2.3 
Note 2: M1 /M:! positive for reverse curvature and negative for single curvature. 

Ml 
M2 cb 

-1.00 1.00 

-0.95 0.98 
-0.90 0.96 

-0.85 0.94 
-0.80 0.92 
-0.75 0.90 

-0.70 0.88 

-0.65 0.86 

-0.60 0.84 

-0.55 0.82 
-0.50 0.80 

Note 1: Cm = 0.6- 0.4(M1/M:!). 

TABLE 7 
Values of Cm 

For Use in Equation (H1-1) 
Ml 
M2 q, 

-0.45 0.78 

-0.40 0.76 
-0.35 0.74 

-0.30 0.72 
-0.25 0.70 
-0.20 0.68 

-0.15 0.66 

-0.10 0.64 

-0.05 0.62 

0 0.60 
0.05 0.58 

Note 2: M1/M:! is positive for reverse curvature and negative for single curvature. 
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Ml 
M2 

0.10 
0.15 

0.20 

0.25 

0.30 
0.35 

0.40 

0.45 
~0.47 

Ml 
M2 

0.10 

0.15 
0.20 

0.25 
0.30 
0.35 

0.40 
0.45 

0.50 

0.60 
0.80 

1.00 

q, 
1.86 
1.91 
1.97 

2.03 

2.09 
2.15 

2.22 

2.28 
2.30 

q, 
0.56 
0.54 
0.52 

0.50 
0.48 
0.46 

0.44 

0.42 

0.40 

0.36 
0.28 
0.20 
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TABLE 8 
Values of F'e 

CHAP. 22, DIV. IX 
2251 

For Use in Equation (H1-1 ), for Steel of Any Yield Stress 
K(h F' K/h F'e K/h F'e Klh F' Klh F'e Klh F' e e e r;; (ksi) r;; (ksi) r;; (ksi) r;; (ksi) r;; (ksi) 'h (ksi) 

x 6.89 for N/mm2 

21 338.62 51 57.41 81 22.76 111 12.12 141 7.51 171 5.11 

22 308.54 52 55.23 82 22.21 112 11.90 142 7.41 172 5.05 

23 282.29 53 53.16 83 21.68 113 11.69 143 7.30 173 4.99 

24 259.26 54 51.21 84 21.16 114 11.49 144 7.20 174 4.93 

25 238.93 55 49.37 85 20.67 115 11.29 145 7.10 175 4.88 

26 220.90 56 47.62 86 20.19 116 11.10 146 7.01 176 4.82 

27 204.84 57 45.96 87 19.73 117 10.91 147 6.91 177 4.77 

28 190.47 58 44.39 88 19.28 118 10.72 148 6.82 178 4.71 

29 177.56 59 42.90 89 18.85 119 10.55 149 6.73 179 4.66 

30 165.92 60 41.48 90 18.44 120 10.37 150 6.64 180 4.61 

31 155.39 61 40.13 91 18.03 121 10.20 151 6.55 181 4.56 

32 145.83 62 38.85 92 17.64 122 10.03 152 6.46 182 4.51 

33 137.13 63 37.62 93 17.27 123 9.87 153 6.38 183 4.46 

34 129.18 64 36.46 94 16.90 124 9.71 154 6.30 184 4.41 

35 121.90 65 35.34 95 16.55 125 9.56 155 6.22 185 4.36 

36 115.22 66 34.28 96 16.20 126 9.41 156 6.14 186 4.32 

37 109.08 67 33.27 97 15.87 127 9.26 157 6.06 187 4.27 

38 103.42 68 32.29 98 15.55 128 9.11 158 5.98 188 4.23 

39 98.18 69 31.37 99 15.24 129 8.97 159 5.91 189 4.18 

40 93.33 70 30.48 100 14.93 130 8.84 160 5.83 190 4.14 

41 88.83 71 29.62 101 14.64 131 8.70 161 5.76 191 4.09 

42 84.65 72 28.21 102 14.35 132 8.57 162 5.69 192 4.05 

43 80.76 73 28.02 103 14.08 133 8.44 163 5.62 193 4.01 

44 77.13 74 27.27 104 13.81 134 8.32 164 5.55 194 3.97 

45 73.74 75 26.55 105 13.54 135 8.19 165 5.49 195 3.93 

46 70.57 76 25.85 106 13.29 136 8.07 166 5.42 196 3.89 

47 67.60 77 25.19 107 13.04 137 7.96 167 5.35 197 3.85 
48 64.81 78 24.54 108 12.80 138 7.84 168 5.29 198 3.81 

49 62.20 79 23.93 109 12.57 139 7.73 169 5.23 199 3.77 

50 59.73 80 23.33 110 12.34 140 7.62 170 5.17 200 3.73 

Note: F' = 12Jr
2

E 
e 23(KIJrb) 2 

----- ----- --- ----
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The section numbers in parentheses after the definition of a symbol refers to the section where the 
symbol is first used. 

A Gross area of an axially loaded compression member, in.2 (mm2) (N4) 

Ah Nominal body area of a fastener, in.2 (mm2) (13.5); area of an upset rod based upon the major 
diameter of its threads, i.e., the diameter of a coaxial cylinder which would bound the crests 
of the threads, in.2 (mm2) (13.4) 

Ac Actual area of effective concrete flange in composite design, in.2 (mm2) (14) 

Ae Effective net area of an axially loaded tension member, in.2 (mm2) (B3) 

At Area of compression flange, in.2 (mm2) (Fl.l) 

Ate Effective tension flange area, in.2 (mm2) (BIO) 

Atg Gross beam flange area, in.2 (mm2) (B I 0) 

Atn Net beam flange area, in.2 (mm2) (BIO) 

Ag Gross area of member, in.2 (mm2) (B3) 

An Net area of an axially loaded tension member, in.2 (mm2) (B2) 

As Area of steel beam in composite design, in.2 (mm2) (14) 

A's Area of compressive reinforcing steel, in. 2 (mm2) (14) 

1111 

Asr Area of reinforcing steel providing composite action at point of negative moment, in. 2 (mm2) 
(14) 

Ast Cross-sectional area of stiffener or pair of stiffeners, in.2 (mm2) (G4) 

A1 Net tension area, in.2 (mm2) (14) 

Av Net shear area, in.2 (mm2) (J4) 

Aw Area of girder web, in.2 (mm2) (G2) 

A 1 Area of steel concentrically bearing on a concrete support, in. 2 (mm2) (J9) 

A 2 Maximum area of the portion of the supporting surface that is geometrically similar to and 
concentric with the loaded area, in.2 (mm2) (J9) 

B Bending coefficient dependent upon computed moment or stress at the ends of unbraced seg-
ments of a tapered member (Appendix F7.4) 

Ca Coefficient used in Table 4 of Numerical Values 

Ch Bending coefficient dependent upon moment gradient (Fl. 3) 

Cc Column slenderness ratio separating elastic and inelastic buckling (E2) 

C'c Slenderness ratio of compression elements (Appendix B5.2) 

Ch Coefficient used in Table 12 of Numerical Values 

Cm Coefficient applied to bending term in interaction equation for prismatic members and de­
pendent upon column curvature caused by applied moments (HI) 

C' m Coefficient applied to bending term in interaction equation for tapered members and depen­
dent upon axial stress at the small end of the member (Appendix F7.6) 
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Cp Stiffness factor for primary member in a flat roof (K2) 

Cs Stiffness factor for secondary member in a flat roof (K2) 

CHAP. 22, DIV. IX 
2251 

c,, Ratio of "critical" web stress, according to the linear buckling theory, to the shear yield stress 
of web material (F4) 

c, Increment used in computing minimum spacing of oversized and slotted holes (J3.8) 

C2 Increment used in computing minimum edge distance for oversized and slotted holes (J3.9) 

D Factor depending upon type of transverse stiffeners (G4); outside diameter of tubular mem-
ber, in. (Appendix B5.2) 

E Modulus of elasticity of steel [29,000 ksi (199 810 N/mm2)] (E2) 

Ec Modulus of elasticity of concrete, ksi (N/mm2) (I2) 

Fa Axial compressive stress permitted in a prismatic member in the absence of bending mo­
ment, ksi (N/mm2) (E2) 

FaY Axial compressive stress permitted in a tapered member in the absence of bending moment, 
ksi (N/mm2) (Appendix F7.3) 

Fh Bending stress permitted in a prismatic member in the absence of axial force, ksi (N/mm2) 
(Fl. I) 

F'h Allowable bending stress in compression flange of plate girders as reduced for hybrid girders 
or because of large web depth-to-thickness ratio, ksi (N/mm2) (G2) 

Fay Bending stress permitted in a tapered member in the absence of axial force, ksi (N/mm2) (Ap-
pendix F7.6) 

F'e Euler stress for a prismatic member divided by factor of safety, ksi (N/mm2) (HI) 

F'e y Euler stress for a tapered member divided by factor of safety, ksi (N/mm2) (Appendix F7 .6) 

Fp Allowable bearing stress, ksi (N/mm2) (J3.7) 

Fsy St. Venant torsion resistance bending stress in a tapered member, ksi (N/mm2) (Appendix 
F7.4) 

F1 Allowable axial tensile stress, ksi (N/mm2) (D I) 

F11 Specified minimum tensile strength of the type of steel or fastener being used, ksi (N/mm2) 

(BlO) 

F, Allowable shear stress, ksi (N/mm2) (F4) 

Fwy Flange warping torsion resistance bending stress in a tapered member, ksi (N/mm2) (Appen­
dix F7.4) 

Fy Specified minimum yield stress of the type of steel being used, ksi (N/mm2) (B5.1 ). As used 
in this Specification, "yield stress" denotes either the specified minimum yield point (for 
those steels with a yield point) or specified minimum yield strength (for those steels without a 
yield point) 

Fyc Specified minimum column yield stress, ksi (N/mm2) (K 1.2) 

Fyf Specified minimum yield stress of flange, ksi (N/mm2) (Table B5.1) 

Fvr Specified minimum yield stress of the longitudinal reinforcing steel, ksi (N/mm2) (I4) 

Fvst Specified minimum stiffener yield stress, ksi (N/mm2) (KI.8) 
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Fyw 

Hs 

IJ 

left 

lp 

Is 

ltr 

K 

Ky 

L 

Lc 

4 
Lp 

Ls 

M 

Mt 

Mz 

Mm 

Mp 

N 

Nr 

Nt 

Nz 

p 

Pbf 

Per 

2-736 

m 

Specified minimum yield stress of beam web, ksi (N/mm2) (B5.1) 

Length of a stud shear connector after welding, in. (mm) (15.2) 

Moment of inertia of steel deck supported on secondary members, in.4 (mm4) (K2) 

Effective moment of inertia of composite sections for direction computations, in.4 (mm4) 
(14) 

Moment of inertia of primary member in flat roof framing, in.4 (mm4) (K2) 

Moment of inertia of secondary member in flat roof framing, in.4 (mm4) (K2); moment of 
inertia of steel beam in composite construction, in.4 (mm4) (14) 

Moment of inertia of transformed composite section, in.4 (mm4) (14) 

Effective length factor for a prismatic member (B7) 

Effective length factor for a tapered member (Appendix F7.3) 

Unbraced length of tensile members, in. (B7); actual unbraced length of a column, in. (C2); 
unbraced length of member measured between the centers of gravity of the bracing members, 
in. (mm) (Appendix F7.1) 

Maximum unbraced length of the compression flange at which the allowable bending stress 
may be taken at 0.66 Fy or as determined by Specification Equation (Fl-3) or Equation 
(F2-3), when applicable, ft. (mm) (Fl) 

Distance from free edge to center of the bolt, in. (mm) (13.6) 

Length of primary member in flat roof framing, ft. (mm) (K2) 

Length of secondary member in flat roof framing, ft. (mm) (K2) 

Moment, kip-ft. (N·mm) (14); maximum factored bending moment, kip-ft. (N·mm) (N4) 

Smaller moment at end of unbraced length of beam-column (F3.1 ); larger moment at one end 
of three-segment portion of a tapered member (Appendix F7 .4) 

Larger moment at end of unbraced length of beam-column (F3.1); maximum moment in 
three adjacent segments of a tapered member (Appendix F7.4) 

Critical moment that can be resisted by a plastically designed member in the absence of axial 
load, kip-ft. (N·mm) (N4) 

Plastic moment, kip-ft. (N·mm) (N4) 

Length of bearing of applied load, in. (mm) (Kl.3) 

Number of stud shear connectors on a beam in one transverse rib of a metal deck, not to ex­
ceed 3 in calculations (15.2) 

Number of shear connectors required between point of maximum moment and point of zero 
moment (14) 

Number of shear connectors required between concentrated load and point of zero moment 
(14) 

Force transmitted by a fastener, kips (N) (13.8); factored axial load, kips (N3); normal force, 
kips (N) (Jl0.2); axial load, kips (N) (Cl) 

Factored beam flange or connection plate force in a restrained connection, kips (N) (Kl.2) 

Maximum strength of an axially loaded compression member or beam, kips (N) (N3.1) 
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Pe Euler buckling load, kips (N) (N4) 
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Py Plastic axial load, equal to profile area times specified minimum yield stress, kips (N) (N3.1) 

Q Full reduction factor for slender compression elements (Appendix B5.2) 

Qa Ratio of effective profile area of an axially loaded member to its total profile area (Appendix 
B5.2) 

Qs Axial stress reduction factor where width-thickness ratio of unstiffened elements exceeds 
noncompact section limits given in Section B5 (Appendix B5.2) 

R Reaction or concentrated load applied to beam or girder, kips (N) (K 1.3); radius, in. (mm) 
(12.1) 

Rpc Plate girder bending strength reduction factor (G2) 

Re Hybrid girder factor (G2) 

S Spacing of secondary members in a flat roof, ft (H2); governing slenderness ratio of a tapered 
member (Appendix F7.3) 

Seff Effective section modulus corresponding to partial composite action, in.3 (mm3) (12) 

Ss Section modulus of steel beam used in composite design, referred to the bottom flange, in.3 
(mm3) (12) 

S1,. Section modulus of transformed composite cross section, referred to the bottom flange; 
based upon maximum permitted effective width of concrete flange, in.3 (mm3) (12) 

Tb Specified pretension of a high-strength bolt, kips (N) (13.6) 

U Reduction coefficient used in calculating effective net area (B3) 

V Shear produced by factored loading, kips (N) (N5); friction force, kips (N) (Jl 0.2) 

Vh Total horizontal shear to be resisted by connectors under full composite action, kips (N) (12) 

V'h Total horizontal shear provided by the connectors providing partial composite action, kips 
(N) (12) 

Y Ratio of yield stress of web steel to yield stress of stiffener steel (G4) 

Z Plastic section modulus, in.3 (mm3) (N4) 

a Clear distance between transverse stiffeners, in. (mm) (F4); dimension parallel to the direc­
tion of stress, in. (mm) (Appendix K4) 

a' Distance beyond theoretical cut-off point required at ends of welded partial length cover 
plate to develop stress, in. (mm) (B I 0) 

h Actual width of stiffened and unstiffened compression elements as defined in Section B5.1, 
in. (mm): dimension normal to the direction of stress, in. (mm) (Appendix K4) 

he Effective width of stiffened compression element, in. (mm) (Appendix B5.2) 

hJ Flange width of rolled beam or plate girder, in. (mm) (Fl.!) 

d Depth of beam or girder, in. (mm) (B5.1 ); diameter of a roller or rocker bearing, in. (mm) 
(18); nominal diameter of a fastener, in. (mm) (13.7) 

dL Depth at the larger end of a tapered member, in. (mm) (Appendix F7.1) 

d, Web depth clear of fillets. in. (mm) (K 1.5) 

2-737 



CHAP. 22, DIV. IX 
2251 1994 UNIFORM BUILDING CODE 

do 

f 
!a 
lao 

!h 
!hi 

!hz 

!hi 

f'c 

!t 
!v 
fvs 

g 

h 

hr 

hs 

hw 
k 

kc 
kv 

Depth at the smaller end of a tapered member or unbraced segment thereof, in. (mm) (Appen­
dix F7.1) 

Axial compression stress on member based on effective area, ksi (N/mm2) (Appendix B5.2) 

Computed axial stress, ksi (N/mm2) (B5.1) 

Computed axial stress at the smaller end of a tapered member or unbraced segment thereof, 
ksi (N/mm2) (Appendix F7.6) 

Computed bending stress, ksi (N/mm2) (Hl) 

Smallest computed bending stress at one end of a tapered segment, ksi (N/mm2) (Appendix 
F7.4) 

Largest computed bending stress at one end of a tapered segment, ksi (N/mm2) (Appendix 
F7.4) 

Computed bending stress at the larger end of a tapered member or unbraced segment thereof, 
ksi (N/mm2) (Appendix F7.6) 

Specified compression strength of concrete, ksi (N/mm2) (12) 

Computed tensile stress, ksi (N/mm2) (13.6) 

Computed shear stress, ksi (N/mm2) (F5) 

Shear between girder web and transverse stiffeners, kips per linear in. (N/mm) of single stiff­
ener or pair of stiffeners (04) 

Transverse spacing between fastener gage lines, in. (mm) (B2) 

Clear distance between flanges of a beam or girder at the section under investigation, in. 
(mm) (B5) 

Nominal rib height for steel deck, in. (mm) (15.2) 

Factor applied to the unbraced length of a tapered member (Appendix F7.4) 

Factor applied to the unbraced length of a tapered member (Appendix F7.4) 

Distance from outer face of flange to web toe of fillet of rolled shape or equivalent distance on 
welded section, in. (mm) (Kl.3) 

Compression element restraint coefficient (B5) 

Shear buckling coefficient for girder webs (F4) 

For beams, distance between cross sections braced against twist or lateral displacement of the 
compression flange, in. (mm) (Fl.3); for columns, actual unbraced length of member, in. 
(mm) (B7); unsupported length of a lacing bar, in. (mm) (E4); weld length, in. (mm) (B3); 
largest laterally unbraced length along either flange at the point of load, in. (mm) (Kl.5) 

lb Actual unbraced length in plane of bending, in. (mm) (Hl) 

lcr Critical unbraced length adjacent to plastic hinge, in. (mm) (N9) 

n Modular ratio (E/Ec) (12) 

q Allowable horizontal shear to be resisted by a shear connector, kips (N) (14) 

r Governing radius of gyration, in. (mm) (B7) 

rr Radius of gyration of a section comprising the compression flange plus one third of the com­
pression web area, taken about an axis in the plane of the web, in. (mm) (F1.3) 
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lfo Radius of gyration at the smaller end of a tapered member or unbraced segment thereof, con­
sidering only the compression flange plus one third of the compression web area, taken about 
an axis in the plane of the web, in. (mm) (Appendix F7.4) 

'" Radius of gyration about axis of concurrent bending, in. (mm) (HI) 

I!Jo Radius of gyration about axis of concurrent bending at the smaller end of a tapered member 
or unbraced segment thereof, in. (mm) (Appendix F7.6) 

r0 Radius of gyration at the smaller end of a tapered member, in. (mm) (Appendix F7.3) 

s Longitudinal center-to-center spacing (pitch) of any two consecutive holes, in. (mm) (B2) 

Thickness of a connected part, in. (mm) (13.9); wall thickness of a tubular member, in. (mm) 
(Appendix 85); compression element thickness, in. (mm) (85.1 ); filler thickness, in. (mm) 
(J6) 

th Thickness of beam flange or moment connection plate at rigid beam-to-column connection, 
in. (mm) (K 1.8) 

tf Flange thickness, in. (mm) (F 1.1) 

tw Web thickness. in. (mm) (85.1) 

twc Column web thickness, in. (mm) (Kl.6) 

w Length of channel shear connectors, in. (mm) (14); plate width (distance between welds), in. 
(mm) (83) 

w,. Average width of rib or haunch of concrete slab on formed steel deck, in. (mm) (!5.1) 

x Subscript relating symbol to strong axis bending 

y Subscript relating symbol to weak axis bending 

z Distance from the smaller end of a tapered member, in. (mm) (Appendix F7 .3) 

a = 0.6 FvwiFh < 1.0 (02) 

~ Ratio Sfi!S_, or Sef!IS, (14) 

y Tapering ratio of a tapered member or unbraced segment of a tapered member (Appendix 
F7.1); subscript relating symbol to tapered members 

L1 Displacement of the neutral axis of a loaded member from its position when the member is 
not loaded, in. (mm) (Cl) 

1-1 Coefficient of friction (J 10.2) 
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E3 Bolted Connections 
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E4 Shear Rupture 
ES Connections to Other Materials 
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F2 Tests for Confirming Structural Performance 
F3 Tests for Determining Mechanical Properties 

F3.1 Full Section 
F3.2 Flat Elements of Formed Sections 
F3.3 Virgin Steel 

SYMBOLS AND DEFINITIONS 

Symbol Definition 
A Full unreduced cross-sectional area 

of the member 
Ab b1t +As, for transverse stiffeners at interior 

support and under concentrated load, and 
bzt + As, for transverse stiffeners at end support 

Ab Gross cross-sectional area of bolt 
Ac 18t2 + As, for transverse stiffeners at interior 

suprort and under concentrated load, and 
1 Ot + As, for transverse stiffeners at end support 

Ae Effective area at the stress Fn 
An Net area of cross section 
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Sectior1 
C3.1.1, C3.1.2, C4, 
C6.2, D4.1 
B6.1 

E3.4 
B6.1 

C4, C6.2, D4.1 
C2, E3.2 
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a 
B 
Be 

b 

cb 
Cm 
Cms 
Cmx 
Cmy 
Cp 
Cs 
CTF 

Cth 

Ctr 

Cv 
Cw 
Cy 
Co 
c, 
Cz 
Cf 

D 
D 
D 
D 
Do 
d 

d 
d 
d 

Cross-sectional area of transverse stiffeners 
Effective area of stiffener 
Gross area of shear stiffener 
Net web area 
Bearing area 
Full cross sectional area of concrete support 
Shear panel length of the unreinforced web 
element. For a reinforced web element, the 
distance between transverse stiffeners 
Length of bracing interval 
Stud spacing 
Term for determining the tensile yield 
point of comers 
Effective design width of compression element 

Flange width, Z-section 
Effective width for deflection calculation 
Effective design width of sub-element or element 
See Figure B4.l 
For flexural members, ratio of the total comer 
cross-sectional area of the controlling flange to the 
full cross-sectional area of the controlling flange 
Bending coefficient dependent on moment gradient 
End moment coefficient in interaction formula 
Coefficient for lateral bracing of Z-section 
End moment coefficient in interaction formula 
End moment coefficient in interaction formula 
Correction Factor 
Coefficient for lateral torsional buckling 
End moment coefficient in interaction formula 
Coefficient for lateral bracing of Z-sections 
Coefficient for lateral bracing of Z-sections 
Shear stiffener coefficient 
Torsional warping constant of the cross-section 
Compression strain factor 
Initial column imperfection 
Term used to compute shear strain in wall board 
Coefficient as defined in Figure B4-2 
Amount of curling 
Outside diameter of cylindrical tube 
Overall depth of lip 
Shear stiffener coefficient 
Nominal dead load 
Initial column imperfection 
Depth of section 

Width of arc seam weld 
Visible diameter of outer surface of arc spot weld 
Diameter of bolt 
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B4, B4.l, B4.2, B6.l 
B4, B4.l, B4.2 
B6.2 
E4 
ES.l 
ES.l 
B6.2, C3.2 

D3.2 
D4, D~.l 
A5.2.2 

B2.l, B2.2, B2.3, B3.l, 
B3.2, B4.1, B4.2, BS 
D3.2.1 
B2.l, B2.2 
A 1.2, B2.3, B5 
B4, B4.1, B5 
A5.2.2 

C3.1.2 
C5 
D3.2.1 
cs 
C5 
F1 
C3.1.2 
C3.1.2 
D3.2.1 
D3.2.1 
B6.2 
C3.1.2 
C3.1.l 
D4.1 
B4, B~.1, D4.2 
B4, B4.2 
Bl.lb 
C6, Ctd, C6.2, D4.2 
Bl.l, B4, Dl.l 
B6.2 
A5.1.4 
D4.1 
Bl.lb, B4, C3.1.1, C3.1.3, 
Dl.l, D3.2.1, D4, D4.1 
E2.3 
E2.2 
E3, E3.1, E3.2, E3.4 
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da Average diameter of the arc spot weld at E2.2 
mid-thickness oft 

da Average width of seam weld E2.3 
de Effective diameter of fused area E2.2 
de Effective width of arc seam weld at fused surfaces E2, E2.3 

dh Diameter of standard hole B2.2, E3.1, E4 
ds Reduced effective width of stiffener B4, B4.2 
d's Actual effective width of stiffener B4, B4.2 

dwc Coped web depth E4 
E Modulus of elasticity of steel (29.5x103 ksi) Bl.lb, B2.1, B6.1, C3.1.1 

(203 255 N/mm2) C3.2, C3.5, C4, C4.1, C5, 
C6.1, Dl.2, D4.1, D4.2, 
E2.2 

E Nominal earthquake load A5.1.4 
Eo Initial column imperfection; a measure of the initial 

twist of the stud from the initial, ideal, unbuckled location 
D4.1 

Et Term used to compute shear strain in wallboard D4.1 
E' Inelastic modulus of elasticity D4.1 
e The distance measured in the line of force E3.1 

from the center of a standard hole to the nearest 
edge of an adjacent hole or to the end of the 
connected part toward which the force is directed 

emin Minimum allowable distance measured in the line E2.2 
of force from the centerline of a weld to the nearest edge 
of an adjacent weld or to the end of the connected part 
toward which the force is directed 

ey Yield strain = FyiE C3.1.1 
F Loads due to fluids A5.1.4 
Fe Elastic buckling stress C4, C4.1, C4.2, 

C4.3, C6.2, D4.1 
Fm Mean value of the fabrication factor Fl 
Fn Nominal buckling stress C4, C6.2, D4.1 
Fnt Nominal tensile strength of bolts E3.4 
Fnv Nominal shear strength of bolts E3.4 
F'nt Nominal tensile strength for bolts subject to E3.4 

combination of shear and tension 
Fsy Yield point as specified in Sections A3.1 or A3.2 A3.1, A3.2, A3.3.2, 

E2.2, E3.1, E3.2 
Fu Tensile strength as specified in Sections A3.1 A3.1, A3.2, A3.3, 

or A3.2, or as reduced for low ductility steel A3.3.2, E2.:~. E2.3, 
E2.4,E2.5, E3.1, 
E3.2, E3.3, E4 

Fuv Tensile strength of virgin steel specified by Section A3 A3, A5.2.2, E2.2, 
or established in accordance with Section F3.3 F3.3 

Fwy Yield point for design of transverse stiffeners B6.1 
Fxx Strength level designation in A WS electrode E2.2, E2.3, E2.4, 

classification E2.5 
Fy Yield point used for design, not to exceed the Al.2, A3.3, A5.2.1, 

specified yield point or established in accordance A5.2.2, B2.1, B5, 
with Section F3, as increased for cold work B6.1, C2, C3.1, C3.1.1 
of forming in Section A5.2.2 or as reduced for C3.1.3, C3.:~. C3.5, 
low ductility steels in Section A3.3.2 C4, C6.1, C6.2, Dl.2, 

D4, D4.2, E2 
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Fya Average yield point of section A5.2.2 

Fyc Tensile yield point of comers A5.2.2 

Fyr Weighted average tensile yield point of the flat portions A5.2.2, F3.2 

Fys Yield point of stiffener steel B6.1 
Fyv Tensile yield point of virgin steel specified by A3, A5.2.2, F3.3 

Section A3 or established in accordance with 
Section F3.3 

f Stress in the compression element computed on B2.1, B2.2, B3.2, 
the basis of the effective design width B4, B4.1 

fav Average computed stress in the full, unreduced Bl.lb 
flange width 

fc Stress at service load in the cover plate or sheet Dl.2 
f' c Specified compression stress of concrete E5.1 

fct Computed compressive stress in the element B2.1, H2.2, B3.1, 
being considered. Calculations are based on the B4.1, H4.2 
effective section at the load for which deflections 
are determined. 

fctt. fct2 Computed stresses f1 and f2 as shown in Figure B2.3-l. B2.3 
Calculations are based on the effective section at the 
load for which deflections are deteremined 

fct3 Computed stress f3 in edge stiffener, as shown B3.2 
in Figure B4-2. Calculations are based on the effective 
section at the load for which deflections are determined 

fv Computed shear stress on a bolt E4 

ft. f2 Web stresses defined by Figure B2.3-l B2.3 
f3 Edge stiffener stress defined by Figure B4-2 B3.2 
G Shear modulus of steel (11,300 ksi) (77 857 N/mm2) C3.1.1, D4.1 
G' Inelastic shear modulus D4.1 
g Vertical distance between two rows of Dl.l 

connections nearest to the top and bottom flanges 
H Loads due to the weight and lateral pressure of A5.1.4 

soil and water in soil 
h Depth of flat portion of web measured along B 1.2, B6.2, C3.2, 

the plane of web C3.4 
Ia Adequate moment of inertia of stiffener so that each Bl.l, B4, B4.1, 

component element will behave as a stiffened element B4.2 
lb Moment of inertia of the full unreduced section C5 

about the bending axis 
Is Actual moment of inertia of the full stiffener Bl.l, B4, B4.1, 

about its own centroidal axis parallel to the B4.2, B5 
element to be stiffened 

I sf Moment of inertia of the full area of the multiple B5 
stiffened element, including the intermediate 
stiffeners, about its own centroidal axis parallel 
to the element to be stiffened 

lx, ly Moment of inertia of full section about principal axis Dl.l, D3.2.2 
lxy Product of inertia of full section about major D3.2.2, D4.1 

and minor centroidal axes 
lye Moment of inertia of the compression portion of a C3.1.2 

section about the centroidal axis of the entire section 
parallel to the web, using the full unreduced section 

J St. Venant torsion constant C3.1.2 
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kv 
L 

L 
L 
L 

Section property for torsional-flexural buckling 
Effective length factor 
A constant 
Effective length factor in the plane of bending 
Effective length factor for torsion 
Effective length factor for bending about x-axis 
Effective length factor for bending about y-axis 
Plate buckling coefficient 

Shear buckling coefficient 
Full span for simple beams, distance between 
inflection points for continuous beams, twice 
the length of cantilever beams 
Length of seam weld not including the circular ends 
Length of fillet weld 
Unbraced length of member 

Nominal live load 
Nominal roof live load 
Length of transverse stiffener 
Unbraced length of compression member for torsion 
Unbraced length of compression member for 
bending about x-axis 
Unbraced length of compression member for 
bending about y-axis 
Critical moment 
Elastic critical moment 
Mean value of the material factor 
Nominal flexural strength 

Mnx,Mny Nominal flexural strengths about the centroidal 
axes determined in accordance with Section C3 

Mnxo, Nominal flexural strengths about the centroidal axes 
Mnyo determined in accordance with Section C3. I 

excluding the provisions of Section C3.1.2 
Mu Required flexural strength 
Mux Required flexural strength about x-axis 
Muy Required flexural strength about y-axis 
My Moment causing a maximum strain ey 
M1 Smaller end moment 
Mz Larger end moment 
m Distance from the shear center of one channel 

to the mid-plane of its web 
N Actual length of bearing 
n Number of holes 
n 
np 
p 

PE 
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Number of tests 
Number of parallel purlin lines 
Loads, forces, and effects due to ponding 
1t2Eib/(KbLb)2 
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C3.1.2 
C3.1.2, C4, C4.1, C5 
D3.2.2 
C5 
C3.1.2 
C3.1.2 
C3.1.2 
B2.1, B2.3, B3.1, B3.2, 
B4, B4.1, B4.2 
B6.2, C3.2 
Bl.lc, D3.2.1 

E2.3 
E2.4, E2.5 
C3.l.2, C4.1, Dl.l, 
D4,D4.1 
A5.1.4 
A5.1.4 
B6.1 
C3.1.2 
C3.1.2 

C3.1.2 

C3.1.2 
C3.1.2 
Fl 
C3.1, C3.I.l, C3.1.2, 
C3.1.3, C6. l 
C5 

C3.3, C3.5 
D4.2, D4.3 

C3.3, C3.5 
C5 
C5 
B2.1, C3.1 
C3.1.2, C5 
C3.1.2, C5 
Dl.l, D3.2.2 

D3.6 
E4 
Fl 
D3.2.1 
A5.1.4 
C5 
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Pno 

-
q 

-
qo 
R 
R 
R 
Rn 
Rp 
Rr 
r 
r 

fey 

f[ 

s 
s 
Sc 

Smax 

s 

Force to be resisted by intermediate beam brace 
Mean value of the tested-to-predicted load ratios 
Nominal axial strength of member 
Nominal strength of connection component 

Nominal axial strength of member determined 
in accordance with Section C4 for L = 0 
Nominal bearing capacity on concrete 
Concentrated load or reaction based on factored loads 
Required axial strength 
Design shear rigidity for sheathing on both sides 
of the wall assembly 
Load effect 
Uniformly distributed factored load in the plane 
of the web 
Design shear rigidity for sheathing per inch 
of stud spacing 
Factor used to determine design shear rigidity 
Reduction Factor 
Coefficient 
Inside bend radius 
Nominal resistance 
Average value of all test results 
Nominal roof rain load 
Radius of gyration of full unreduced cross section 
Force transmitted by the bolt or bolts at the 
section considered, divided by the tension force 
in the member at that section 
Radius of gyration of one channel about its 
centroidal axis parallel to web 
Radius of gyration of !-section about the axis 
perpendicular to the direction in which buckling 
would occur for the given conditions of end 
support and intermediate bracing 
Polar radius of gyration of cross section about 
the shear center 
Radius of gyration of cross section about 
centroidal principal axis 

1.28 jEjj 
Nominal snow load 
Elastic section modulus of the effective section 
calculated at a stress Mc/Sr in the extreme 
compression fiber 

D3.2.1 
Fl 
C4, C6.2 
E2, E2. 2, E2.3, 
E2.4, E2.5 
C5 

E5.1 
Dl.l 
C5 
D4.1 

Fl 
Dl.l 

D4.1 

D4.1 
C3.1.3 
C4, C6.2 
A5.2.2, C3.4 
A1.2, Fl 
Fl 
A5.1.4 
C3.1.1, C4, C4.1 
E3.2 

Dl.l 

Dl.l 

C3.1.1, C4.2, D4.1 

C3.1.1 

B4, B~f.l 

A5.1.4 
C3.1.1, C3.1.2, C4 

Elastic section modulus of the effective section C3.1.1, C3.1.3 
calculated with extreme compression or tension fiber at Fy 
Elastic section modulus of full, unreduced C3.1.1, C3.1.2, 
section for the extreme compression fiber C6.1 
Maximum permissible longitudinal spacing of Dl.l 
welds or other connectors joining two channels 
to form an !-section 
Fastener spacing D1.2, D4.1 
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s 

w 
w 

w 

Wf 

Wf 

W( 

wz 
X 

Xo 

y 

llanx• 
1/any 
~ 
~0 
r 
y 
Yi 
e 

e 
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Spacing in line of stress of welds, rivets, or 
bolts connecting a compression coverplate or 
sheet to a non-integral stiffener or other element 
Weld spacing 
Nominal tensile strength 
Design strength of connection in tension 
Base steel thickness of any element or section 

Total thickness of the two welded sheets 
Thickness of thinnest connected part 
Equivalent thickness of a multiple-stiffened element 
Effective throat of weld 
Coefficient of variation of the fabrication factor 
Coefficient of variation of the material factor 
Nominal shear strength 
Coefficient of variation of the tested-to-predicted 
load ratios 
Coefficient of variation of the load effect 
Required shear strength 
Factored load supported by all purlin lines 
being restrained 
Nominal wind load 
Flat width of element exclusive of radii 

Flat width of the beam flange which contacts the 
bearing plate 
Width of flange projection beyond the web or half the 
distance between webs for box- or U-type sections 
Projection of flanges from inside face of web 
Leg on weld · 
Leg on weld 
Distance from concentrated load to brace 
Distance from shear center to centroid along 
the principal x-axis 
Yield point of web steel divided by yield point 
of stiffener steel 
Magnification factors 

Coefficient 
Target reliability index 
Actual shear strain in the sheathing 
Permissible shear strain of the sheathing 
Load factor 
Angle between web and bearing surface >45° 
but no more than 90° 
Angle between the vertical and the plane of the 
web of the Z-section, degrees 
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E3.2 

Dl.l 
C2 
Dl.l 
Al.2, A3.4, A5.2.l, Bl.l, 
Bl.lb, Bl.2, B2.l, B4, 
B4.1, B4.2, BS, B6.1, 
C3.1.1., C3. 2, C3.4, C3.5, 
C4, C6.1, OS.2, Dl.2, D4, 
E2.4, E2.5 
E2.2 
E2.2, E3.l, .E4 
BS, B6.1 
E2.4, E2.5 
F1 
F1 
B6.2, C3.2, C3.3 
F1 

F1 
C3.3 
D3.2.1 

A5.1.4 
Al.2, Bl.l, B2.1, B2.2, 
B3.1, B4, B4.1, B4.2, BS, 
C3.l.l, C4, Dl.2 
C3.5 

Bl.lc 

Bl.lb, Dl.l 
E2.4 
E2.4 
D3.2 
C3.1.1, C4.:!, D4.1 

B6.2 

cs 

C4.2, D4.1 
F1 
D4.1 
D4.1 
F1 
C3.4 

D3.2.1 
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0" 

crcR 
O"ex 

O"exy 
O"ey 

Stress related to shear strain in sheathing 
Theoretical elastic buckling stress 
(1t2E)/(KxLxfrx)2 

(1t2E)/(Lirx? 
(1t2Eixy)I(AL2) 
(1t2E)/(KyLylry)2 

(1t2E)/(Liry)2 
Torsional buckling stress 
Reduction factor 
Slenderness factors 
f2/fl 
Resistance factor 

Resistance factor for bending strength 

Resistance factor for concentrically loaded 
compression member 
Resistance factor for bearing strength 
Resistance factor for tension member 
Resistance factor for shear strength 
Resistance factor for web crippling strength 

A. GENERAL PROVISIONS 

D4.1 
D4.1 
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C3.1.2, C4.2 
D4.1 
D4.1 
C3.1.2 
D4.1 
C3.1.1, C4.2, D4.1 
B2.1 
B2.1, C3.5 
B2.3 
A5.1.5. E2, E2.1, E2.2, 
E2.3, E2.4, E2.5, E2.6, 
E3.1, E3.2, E3.3, E3.4, 
E4,Fl 
A5.1.5 C3, C3.1.1, C3.1.2, 
C3.1.3. C3.3, C3.5, CS, 
C6.1, C6.3, D4.2, D4.3 
A3.3.l. A5.1.5, B6.1, C4 
CS, C6.2, C6.3, D4.1, D4.3 
ES.l 
C2 
B6.2, C3.2, C3.3 
C3.4, C3.5 

AI Limits of Applicability and Terms. Al.l Scope and Limits of ApplicaJility. This Load and 
Resistance Factor Design Specification is an alternate to the Specification for the Design of 
Cold-Formed Steel Structural Members of the American Iron and Steel Inst tute. 

This Specification shall apply to the design of structural members cold-formed to shape from car­
bon or low-alloy steel sheet, strip, plate or bar not more than one inch in thickness and used for 
load-carrying purposes in buildings. It may also be used for structures other thm buildings provided 
appropriate allowances are made for thermal and/or dynamic effects. 

A1.2 Terms. (See also Part I of the standard for additional terms.) Where th~ following terms ap­
pear in this Specification they shall have the meaning herein indicated: 

(a) Stiffened or Partially Stiffened Compression Elements. A stiffened or pa:tially stiffened com­
pression element is a flat compression element (i.e., a plane compression flange of a flexural 
member or a plane web or flange of a compression member) of which both edges parallel to the 
direction of stress are stiffened either by a web, flange, stiffening lip, intermediate stiffener, or 
the like. 

(b) Unstiffened Compression Elements. An unstiffened compression element is a flat compression 
element which is stiffened at only one edge parallel to the direction of s:ress. 

(c) Multiple-Stiffened Elements. A multiple-stiffened element is an element that is stiffened be­
tween webs, or between a web and a stiffened edge, by means of intermediate stiffeners which 
are parallel to the direction of stress. A sub-element is the portion between adjacent stiffeners or 
between web and intermediate stiffener or between edge and intermediate stiffener. 

(d) Flat- Width-to- Thickness Ratio. The flat width of an element measured along its plane, divided 
by its thickness. 
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(e) Effective Design Width. Where the flat width of an element is reduced for design purposes, the 
reduced design width is termed the effective width or effective design width. 

(f) Thickness. The thickness, t, of any element or section shall be the base steel thic mess, exclusive 
of coatings. 

(g) Torsional-Flexural Buckling. Torsional-flexural buckling is a mode of buckling in which com­
pression members can bend and twist simultaneously. 

(h) Point-Symmetric Section. A point-symmetric section is a section symmetrical about a point 
(centroid) such as a Z-section having equal flanges. 

(i) Yield Point. Yield point, Fy or Fsy. as used in this Specification shall mean yield point or yield 
strength. 

(j) Stress. Stress as used in this Specification means force per unit area. 

(k) Confirmatory Test. A confirmatory test is a test made, when desired, on members, connections, 
and assemblies designed according to the provisions of Sections A through E of this Specifica­
tion or its specific references, in order to compare actual versus calculated performance. 

(I) Performance Test. A performance test is a test made on structural members, connections, and 
assemblies whose performance cannot be determined by the provisions of Secti<)ns A through E 
of this Specification or its specific references. 

(m) Virgin Steel. Virgin steel refers to steel as received from the steel producer or warehouse before 
being cold worked as a result of fabricating operations. 

(n) Virgin Steel Properties. Virgin steel properties refer to mechanical propertie; of virgin steel 
such as yield point, tensile strength, and elongation. 

(o) Specified Minimum Yield Point. The specified minimum yield point is the lower limit of yield 
point which must be equalled or exceeded in a specification test to qualify a lot cf steel for use in 
a cold-formed steel structural member designed at that yield point. 

(p) Cold-Formed Steel Structural Members. Cold-formed steel structural members are shapes 
which are manufactured by press-braking blanks sheared from sheets, cut lengths of coils or 
plates, or by roll forming cold- or hot-rolled coils or sheets; both forming open,tions being per­
formed at ambient room temperature, that is, without manifest addition of heat wch as would be 
required for hot forming. 

(q) LRFD (Load and Resistance Factor Design). A method of proportioning stmctural compo­
nents (members, connectors, connecting elements and assemblages) such that no applicable 
limit state is exceeded when the structure is subjected to all appropriate load combinations. 

(r) Design Strength. Factored resistance or strength (force, moment, as approp1iate), cjiRn. pro­
vided by the structural component. 

(s) Required Strength. Load effect (force, moment, as appropriate) acting on the structural compo­
nent determined by structural analysis from the factored loads (using most appropriate critical 
load combinations). 

A 1.3 Units of Symbols and Terms. The Specification is written so that any compatible system of 
units may be used except where explicitly stated otherwise in the text of these provisions. 

A2 Non-Conforming Shapes and Construction. The provisions of the Specific 1tion are not in­
tended to prevent the use of alternate shapes or constructions not specifically prescribed herein. 
Such alternates shall meet the provisions of Section F of the Specification and be approved by the 
appropriate building code authority. 

A3 Material. A3.1 Applicable Steels. This Specification requires the use of steel of structural 
quality as defined in general by the provisions of the following specifications of the American Soci­
ety for Testing and Materials: 
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ASTM A36/A36M, Structural Steel 

ASTM A242/A242M, High-Strength Low-Alloy Structural Steel 

ASTM A441M, High-Strength Low-Alloy Structural Manganese Vanadium Steel 

ASTM A446/A446M (Grades A, B, C, D, & F) Steel, Sheet, Zinc-Coated (Galvanized) by the 
Hot-Dip Process, Structural (Physical) Quality 

ASTM A500, Cold-Formed Welded and Seamless Carbon Steel Structural Tubing in Rounds and 
Shapes 

ASTM A529/A529M, Structural Steel with 42 ksi Minimum Yield Point (1/2 in. Maximum Thick­
ness) 

ASTM A570/A570M Steel, Sheet and Strip, Carbon, Hot-Rolled, Structural Quality 

ASTM A572/A572M, High-Strength Low-Alloy Columbium-Vanadium Steels of Structural Qual­
ity 

ASTM A588/A588M, High-Strength Low-Alloy Structural Steel with 50 ksi Minimum Yield Point 
to 4 in. Thick 

ASTM A606 Steel, Sheet and Strip, High Strength, Low Alloy, Hot-Rolled and Cold-Rolled, with 
Improved Atmospheric Corrosion Resistance 

ASTM A607 Steel Sheet and Strip, High Strength, Low Alloy, Columbium or Vanadium, or both, 
Hot-Rolled and Cold-Rolled 

ASTM A611 (Grades A, B, C, & D) Steel, Sheet, Carbon, Cold-Rolled, Stntctural Quality 

ASTM A715 (Grades 50 and 60) Sheet Steel and Strip, High-Strength, Low-Alloy, Hot-Rolled, 
With Improved Formability 

ASTM A792 (Grades 33, 37,40 & 50) Steel Sheet, Aluminum-Zinc Alloy-C:>ated by the Hot-Dip 
Process, General Requirements 

A3.2 Other Steels. The listing in Section A3.1 does not exclude the use of steel up to and includ­
ing one inch in thickness ordered or produced to other than the listed specifications provided such 
steel conforms to the chemical and mechanical requirements of one of the li:;ted specifications or 
other published specification which establishes its properties and suitability, wd provided it is sub­
jected by either the producer or the purchaser to analyses, tests and other contmls to the extent and in 
the manner prescribed by one of the listed specifications and Section A3.3. 

A3.3 Ductility. Steels not listed in Section A3.1 and used for structural members and connections 
shall comply with one of the following ductility requirements: 

A3.3.1 The ratio of tensile strength to yield point shall not be less than 1.08 and the total elonga­
tion shall not be less than 10 percent for a two-inch (51 mm) gage length or 7 percent for an 
eight-inch (203 mm) gage length standard specimen tested in accordance with ASTM A370. If 
these requirements cannot be met, the following criteria shall be satisfied: (1) local elongation in a 
IJz inch (13 mm) gage length across the fracture shall not be less than 20%, (2) uniform elongation 
outside the fracture shall not be less than 3%. When material ductility is determined on the basis of 
the local and uniform elongation criteria, the use of such material is restricted to the design of pur­
tins and girts** in accordance with Sections C3.1.1 (a), C3.1.2, and C3.1.3. For purlins and girts 
subject to combined axial load and bending moment (Section C5), Puf<l>cPn shall not exceed 0.15. 

A3.3.2 Steels conforming to ASTM A446 Grade E and A611 Grade E and other steels which do 
not meet the provisions of Section A3.3.1 may be used for particular configurations provided (1) the 
yield strength, Fy. used for design in Cha~ters B, C and Dis taken as 75 pe:cent of the specified 
minimum yield point or 60 ksi (413 N/mm ), whichever is less and (2) the tensile strength, Fu, used 
for design in Chapter E is taken as 75 percent of the specified minimum tensil~ stress or 62 ksi (427 
N/mm2), whichever is less. Alternatively, the suitability of such steels for the configuration shall be 
demonstrated by load tests in accordance with Section Fl. Design strength!: based on these tests 
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shall not exceed the strengths calculated according to Chapters B through E, using the specified 
minimum yield point, Fsy• for Fy and the specified minimum tensile strength, Fu. 

Design strengths based on existing use shall not exceed the strengths calculated according to 
Chapters B through E, using the specified minimum yield point, Fsy. for Fy and the specified mini­
mum tensile strength, Fu. 

A3.4 Delivered Minimum Thickness. The uncoated minimum steel thickness of !:he cold-formed 
product as delivered to the job site shall not at any location be less than 95 percent of the thickness, t, 
used in its design; however, lesser thicknesses shall be permitted at bends, such as comers, due to 
cold-forming effects. 

A4 Loads. A4.1 Dead Load (Deleted) 

A4.2 Live or Snow Load (Deleted) 

A4.3 Impact Load. For structures carrying live loads which induce impact, the assumed live load 
shall be increased sufficiently to provide for impact. 

A4.4 Wind or Earthquake Loads (Deleted) 

A4.5 Ponding. Unless a roof surface is provided with sufficient slope toward points of free drain­
age or adequate individual drains to prevent the accumulation of rainwater, the roof system shall be 
investigated by rational analysis to assure stability under ponding conditions. 

A5 Structural Analysis and Design. A5.1 Design Basis. This Specification is based on the Load 
and Resistance Factor Design concept. Load and Resistance Factor Design is a method of propor­
tioning cold-formed steel structural components (i.e., members, connectors and ccnnections) such 
that any applicable limit state is not exceeded when the structure is subjected to any appropriate 
load combination. 

Two types of limit states are to be considered: 1) the limit state of the strength required to resist the 
extreme loads during the intended life of the structure, and 2) the limit state of he ability of the 
structure to perform its intended function during its life. These limit states will be called the Limit 
State of Strength and the Limit State of Serviceability, respectively, in these criteria. 

A5.1.1 Limit State-Strength. The design meets this Specification when the required strengths, 
as determined from the assigned nominal loads which are multiplied by appropriate load factors, 
are smaller than or equal to the design strength of each structural component. 

The design strength is equal to cpR0 , where cp is a resistance factor and R0 is the nominal strength 
determined according to the formulas given in Chapter C for members, in Chapter D for structural 
assemblies and in Chapter E for connections. Values of resistance factors cp are given in Section 
A5.1.5 for the appropriate limit states governing member and connection strength. 

A5.1.2 Limit State-Serviceability. Serviceability is satisfactory if a nominal structural response 
(e.g. live load deflection) due to the applicable nominal loads is less than or equal to the appropriate 
acceptable or allowable value of this response. 

A5.1.3 Nominal Loads (Amended see Part I) 

A5.1.4 Load Factors and Load Combinations. The structure and its components must be de­
signed for the appropriate most critical load combination. The following load combinations of the 
factored nominal loads shall be used in the computation of the required strength~: 

1. 1.4 D + L 
2. 1.2 D + 1.6 L + 0.5(Lr or S or Rr) 
3. 1.2 D + (1.4 Lr or 1.6 S or 1.6 Rr) + (0.5 Lor 0.8 W) 
4. 1.2 D + 1.3 W + 0.5 L + 0.5(Lr or S or Rr) 
5. 1.2 D + 1.5 E + (0.5 L or 0.2 S) 
6. 0.9 D-(1.3 W or 1.5 E) 
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WHERE: 
t = Web thickness 

D nominal dead load 
E nominal earthquake load 
L nominal live load 

Lr = nominal roof live load 
Rr nominal roof rain load 
S nominal snow load 

CHAP. 22, DIV. X 
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W = nominal wind load (Exception: For wind load on individual purlins, girts, wall panels and 
roof decks, multiply the load factor for W by 0. 9) 

EXCEPTION: The load factor for Lin combinations (3), (4), and (5) shall be equd to 1.0 for garages, areas 
occupied as places of public assembly, and all areas where the live load is greater than 100 psf (4.79 kN/m2). 

When the structural effects ofF, H, P or T are significant, they shall be considered in design as the 
following factored loads: 1.3F, 1.6H, 1.2P, and 1.2T, where 

F loads due to fluids with well-defined pressures and maximum heights 
H loads due to the weight and lateral pressure of soil and water in soi I 
P loads, forces, and effects due to ponding 
T self-straining forces and effects arising from contraction or expansior1 resulting from tem­

perature change, shrinkage, moisture changes, creep in component materials, movement 
due to differential settlement, or combinations thereof. 

A5.1.5 Resistance Factors. The resistance factors to be used for determining the design strengths, 
<I>Rn, of structural members and connections shall be taken as follows: 

Type of Strength Resistance Factor, cp 

(a) Stiffeners 
Transverse stiffeners . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.85 

Shear stiffeners (When hit :5 jEkv /Fy, <1> = 1.0) .......................... 0.90 
(b) Tension members .................................................. 0.95 
(c) Flexural members 

Bending strength 
For sections with stiffened or partially stiffened compression flmges 0.95 
For sections with unstiffened compression flanges ...................... 0.90 

Laterally unbraced beams ............................................ 0.90 
Beams having one flange through-fastened to deck or 

sheathing (C- or Z-sections) ....................................... 0.90 
Web design 

Shear strength (when hit :5 jEkv/Fy, <1> = 1.0) . . . . . . . . . . . . . . . . . . . . . . . . . 0.90 
Web Crippling 

For single unreinforced webs .................................... 0.75 
For !-sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.80 

(d) Concentrically loaded compression members ............................ 0.85 
(e) Combined axial load and bending 

<l>c for compression . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.85 
<l>b for bending 

Using Section C3.1.1 ...................................... 0.90-0.95 
Using Section C3.1.2 .......................................... 0.90 

(f) Cylindrical tubular members 
Bending strength .............................................. 0.95 
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Axial compression . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.85 
(g) Wall studs and wall stud assemblies 

Wall studs in compression . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.85 
Wall studs in bending 

For sections with stiffened or partially stiffened compression flanges . . . . 0.95 
For sections with unstiffened compression flanges . . . . . . . . . . . . . . . . . . . 0.90 

(h) Welded connections 
Groove welds 
Tension or compression ........................................... 0.90 
Shear (welds) ................................................... 0.80 
Shear (base metal) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.90 

Arc spot welds 
Welds ......................................................... 0.60 
Connected part .............................................. 0.50-0.65 
Minimum edge distance ....................................... 0.60-0.70 

Arc seam welds 
Welds ......................................................... 0.60 
Connected part . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.60 

Fillet welds 
Longitudinal loading (connected part) ........................... 0.55-0.60 
Transverse loading (connected part) ................................. 0.60 
Welds ......................................................... 0.60 

Flare groove welds 
Transverse loading (connected part) ................................. 0.55 
Longitudinal loading (connected part) ............................... 0.55 
Welds ......................................................... 0.60 

Resistance Welds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.65 
(i) Bolted connections 

Minimum spacing and edge distance ............................. 0.60-0.70 
Tension strength on net section 

With washers 
Double shear connection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.65 
Single shear connection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.55 

Without washers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.65 
Bearing strength 

See Tables E3.3-l and E3.3-2 ................................ 0.55-0.70 
Shear strength of bolts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.65 
Tensile strength of bolts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 75 

(j) Shear rupture ...................................................... 0.75 
(k) Connections to other materials (Bearing) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.60 

A5.2 Yield Point and Strength Increase from Cold Work of Forming. A5.2.1 Yield Point. The 
yield point used in design, Fy. shall not exceed the specified minimum yield point cf steels as listed 
in Section A3.1 or A3.2, as established in accordance with Chapter F, or as increased for cold work 
of forming in Section A5.2.2, or as reduced for low ductility steels in Section A3 .3.2. 

A5.2.2 Strength Increase from Cold Work of Forming. Strength increase from cold work of form­
ing is allowed by substituting Fya for Fy. where Fya is the average yield point of the full section. Such 
increase shall be limited to Sections C3.1 (excluding Section C3.l.l(b)), C4, C5, C6 and D4. The 
limitations and methods for determining Fya are as follows: 

(a) For axially loaded compression members and flexural members whose prop:Jrtions are such 
that the quantity p for load capacity is unity as determined according to Section B2 for each of 
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the component elements of the section, the design yield stress, Fya. of thf steel shall be deter­
mined on the basis of one of the following methods: 

(1) full section tensile tests [see paragraph (a) of Section F3.1] 

(2) stub column tests [see paragraph (b) of Section F3.1] 

(3) computed as follows: 

Fya = CFyc + (1-C) Fyf 

WHERE: 

(Eq. A5.2.2-1) 

Fya = Average yield point of the steel in the full section of compression members or full flange 
sections of flexural members 

C = For compression members, ratio of the total comer cross-sectional area to the total 
cross-sectional area of the full section; for flexural members, ratio of the total corner 
cross-sectional area of the controlling flange to the full cross-sectional area of the con­
trolling flange 

Fyf = Weighted average tensile yield point of the flat portions established in accordance with 
Section F3.2 or virgin steel yield point if tests are not made 

Fyc = BcFyvi(Rit)m, tensile yield point of comers. This formula is applicable (Eq. A5.2.2-2) 
only when Fuv!Fyv ~ 1.2, Rlt ~ 7, and minimum included angle ~ 120° 

Be 3.69 (Fuv!Fyv)-0.819 (Fuv!Fyv)2-1.79 (Eq. A5.2.2-3) 
m 0.192 <Fuv!Fyv)--0.068 (Eq. A5.2.2-4) 
R Inside bend radius. 
Fyv = Tensile yield point of virgin steel specified by Section A3 or estab Iished in accordance 

with Section F3.3 
Fuv = Ultimate tensile strength of virgin steel specified by Section A3 or established in accor­

dance with Section F3.3 
(b) For axially loaded tension members the yield point of the steel shall be determined by either 

method (1) or method (3) prescribed in paragraph (a) of this Section. 

(c) The effect of any welding on mechanical properties of a member shall be determined on the 
basis of tests of full section specimens containing within the gage length, such welding as the 
manufacturer intends to use. Any necessary allowance for such effect shall be made in the struc­
tural use of the member. 

A5.3 Durability. A structure shall be designed to perform its required functions during its ex­
pected life for durability considerations. 

A6 Reference Documents. The following documents are referenced in this Specification: 

1. American Society of Civil Engineers, ANSIIASCE 7-88, "Minimum D!sign Loads in Build­
ings and Other Structures," American Society of Civil Engineers (ASCE), 345 East 47th 
Street, New York, N.Y. 10017 

2. American Institute of Steel Construction, "Load and Resistance Factor Design Specification 
for Structural Steel Buildings," American Institute of Steel Construction (AISC), One East 
Wacker Drive, Suite 3100, Chicago, Illinois 60601-2001, September l, 1986 

3. American Welding Society, AWS Dl.3-89, "Structural Welding Code--Sheet Steel," Amer­
ican Welding Society (AWS), 550 N.W. LeJeune Road, Miami, Florida 33135 

4. American Welding Society, A WS C 1.1-66, "Recommended Practices for Resistance Weld­
ing," American Welding Society (AWS), 550 N.W. LeJeune Road, Miami, Florida 33135 

5. American Welding Society, AWS C 1.3-70, "Recommended Practices for Resistance Weld­
ing Coated Low Carbon Steels," American Welding Society (AWS\ 550 N.W. LeJeune 
Road, Miami, Florida 33135 
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6. American Society for Testing and Materials (ASTM), 1916 Race Street, Philadelphia, Penn­
sylvania 19013: 

ASTM A36/A36M-84a, Structural Steel 

ASTM A 194-88, Carbon and Alloy Steel Nuts for Bolts for High-Pressure and High-Tem­
perature Service 

ASTM A242/A242M-85, High-Strength Low-Alloy Structural Steel 

ASTM A307-84 (Type A), Carbon Steel Externally and Internally Threade:l Standard Fas­
teners 

ASTM A325-84, High Strength Bolts for Structural Steel Joints 

ASTM A354-84 (Grade BD), Quenched and Tempered Alloy Steel Bolts, Studs, and Other 
Externally Threaded Fasteners (for diameter of bolt smaller than 1/ 2 inch) 

ASTM A3 70-77, Mechanical Testing of Steel Products 

ASTM A441M-85, High-Strength Low-Alloy Structural Manganese Vanadium Steel 

ASTM A446/A446M-85 (Grades A, B, C, D, and F), Steel, Sheet, Zinc-Coated (Galvanized) 
by the Hot-Dip Process, Structural (Physical) Quality 

ASTM A449-84a, Quenched and Tempered Steel Bolts and Studs (for diameter of bolt small­
er than 1/2 inch) 

ASTM A490-84, Quenched and Tempered Alloy Steel Bolts for Structural Steel Joints. 

ASTM A500-84, Cold-Formed Welded and Seamless Carbon Steel Structural Tubing in 
Rounds and Shapes 

ASTM A529/A529M-85, Structural Steel with 42 ksi Minimum Yield Point (1/ 2 in. Maxi-
mum Thickness) 

ASTM A563-88a, Carbon and Alloy Steel Nuts 

ASTM A570/A570M-85, Steel, Sheet and Strip, Carbon, Hot-Rolled, Structural Quality 

ASTM A572/ A572M-85, High-Strength Low-Alloy Columbium-Vanadium Steels of Struc-
tural Quality 

ASTM A588/A588M-85, High-Strength Low-Alloy Structural Steel with ~0 ksi Minimum 
Yield Point to 4 in. Thick 

ASTM A606-85, Steel, Sheet and Strip, High Strength, Low Alloy, Hot-Rolled and 
Cold-Rolled, with Improved Atmospheric Corrosion Resistance 

ASTM A607-85, Steel Sheet and Strip, High Strength, Low Alloy, Columbium or Vanadium, 
or both, Hot-Rolled and Cold-Rolled 

ASTM A611-85 (Grades A, B, C, and D), Steel, Sheet, Carbon, Cold-Rolled, Structural 
Quality 

ASTM A715-85 (Grades 50 and 60), Sheet Steel and Strip, High-Strength, Low-Alloy, 
Hot-Rolled, With Improved Formability 

ASTM A792-85a (Grades 33, 37, 40 and 50), Steel Sheet, Aluminum-Zinc Alloy-Coated by 
the Hot-Dip Process, General Requirements 

ASTM F436-86, Hardened Steel Washers 

ASTM F844-83(1988), Washers, Steel, Plain (Flat), Unhardened for General Use 

ASTM F959-85, Compressible Washer-Type Direct Tension Indicators for Use with Struc­
tural Fasteners 

B. ELEMENTS 
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Bl Dimensional Limits and Considerations. Bl.l Flange Flat-Width-to-Thickness Consider­
ations. 

(a) Maximum Flat-Width-to-Thickness Ratios 
Maximum allowable overall flat-width-to-thickness ratios, w/t, disregarding intermediate 
stiffeners and taking as t the actual thickness of the element, shall be as follows: 

(1) Stiffened compression element having one longitudinal edge connected to a web or flange 
element, the other stiffened by: 

Simple lip 60 

Any other kind of stiffener having Is > Ia and D/w < 0.8 
according to Section B4.2 90 

(2) Stiffened compression element with both longitudinal 
edges connected to other stiffened elements 500 

(3) Unstiffened compression element and elements with an edge stiffener having 
Is < Ia and D/w :5 0.8 according to Section B4.2 60 

Note: Unstiffened compression elements that have w/t ratios exceeding approximately 30 
and stiffened compression elements that have w/t ratios exceeding approximately 250 
are likely to develop noticeable deformation at the full design strength, without affect­
ing the ability of the member to develop required strength. 

Stiffened elements having w/t ratios larger than 500 can be used with adequate design 
strength to sustain the required loads; however, substantial deformations of such ele­
ments usually will invalidate the design formulas of this Specification. 

(b) Flange Curling 
Where the flange of a flexural member is unusually wide and it is desired to limit the maximum 
amount of curling or movement of the flange toward the neutral axis, the following formula 
applies to compression and tension flanges, either stiffened or unstiffem~d: 

w1 = jo.06ltdE/Fav ~100c1/d (Eq. B 1.1-1) 

For SI: X 25.4 for mm 

WHERE: 

Wf = Width of flange projecting beyond the web; or half of the distance between webs for box- or 
U-type beams 

t Flange thickness 

d Depth of beam 

Cf Amount of curling [The amount of curling that can be tolerated will vary with different kinds 
of sections and shall be established by the designer. The amount of curling in the order of 5 
percent of the depth of the section is usually not considered excessi're.] 

fav = Average stress in the full, unreduced flange width. (Where members are designed by the ef­
fective design width procedure, the average stress equals the maximum stress multiplied by 
the ratio of the effective design width to the actual width.) 

(c) Shear Lag Effects-Short Spans Supporting Concentrated Loads 
Where the span of the beam is less than 30wr (wr as defined below) and it carries one concen­
trated load, or several loads spaced farther apart than 2wr, the effective design width of any 
flange, whether in tension or compression, shall be limited to the folio\\ ing: 
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TABLE B1.1 (C) 
SHORT, WIDE FLANGES MAXIMUM ALLOWABLE RATIO OF EFFECTIVE 

DESIGN WIDTH TO ACTUAL WIDTH 

uw, Ratio uw, Ratio 

30 1.00 14 0.82 
25 0.96 12 0.78 
20 0.91 10 0.73 
18 0.89 8 0.67 
16 0.86 6 0.55 

WHERE: 
L =Full span for simple beams; or the distance between inflection points for continuous beams; 

or twice the length of cantilever beams. 
Wf =Width of flange projection beyond the web for 1-beam and similar sectiom or half the dis­

tance between webs of box or U-type sections. 
For flanges of 1-beams and similar sections stiffened by lips at the outer ecges, Wf shall be 
taken as the sum of the flange projection beyond the web plus the depth of the lip. 

B 1.2 Maximum Web Depth-to-Thickness Ratio. The ratio, hit, of the webs of flt~xural members 
shall not exceed the following limitations: 

(a) For unreinforced webs: (h/t)max = 200 

(b) For webs which are provided with transverse stiffeners satisfying the 
requirements of Section B6.1: 

(1) When using bearing stiffeners only, (h/t)max = 260 
(2) When using bearing stiffeners and intermediate stiffeners, (h/t)max = 300 
In the above, 

h = Depth of flat portion of web measured along the plane of web 
= Web thickness 

Where a web consists of two or more sheets, the h/t ratio shall be computed for the individual 
sheets. 

B2 Effective Widths of Stiffened Elements B2.1 Uniformly Compressed Stiffened Elements (a) 
Load Capacity Determination 

The effective widths, b, of uniformly compressed elements shall be determined from the follow­
ing formulas: 

b = w when A :5 0.673 
b = pw when A> 0.673 

WHERE: 
w = Flat width as shown in Figure B2.1-l 
p = (1 - 0.22/A )/A 

A is a slenderness factor determined as follows: 

A = (1.052/ /K) (w/t) (jfiE) 

WHERE: 
t = Thickness of the uniformly compressed stiffened elements, and 
f for load capacity determination is as follows: 

For flexural members: 

(Eq. B2.1-l) 
(Eq. B2.1-2) 

(Eq. B2.1-3) 

(Eq. B2.1-4) 

(I) If Procedure I of Section C3.1.1 is used, f = Fy if the initial yielding is in compression in the 
element considered. If the initial yielding is in tension, the compressive str,~ss, f, in the ele­
ment considered shall be determined on the basis of the effective section at My (moment 
causing initial yield). 
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(2) If Procedure II of Section C3.1.1 is used then f is the stress in the element considered at Mn 
determined on the basis of the effective section. 

(3) If Section C3.1.2 is used, then f is Mc/Sr as described in that Section in determining Sc. 

For compression members f is taken equal to Fn as determined in Section C'4 or D4.1 as applica­
ble. 

E =Modulus of elasticity 
k = Plate buckling coefficient 

= 4 for stiffened elements supported by a web on each longitudinal edge. Values for 
different types of elements are given in the applicable sections. 

w 
~I 0

---------~~f 

--------- __j 

{I 
I 
I 

I'+ 
I 
I 

~---------·:tt 
1 ~ 1-;11 

Actual Element 
Effective Element, b, and Stmss, f, 
on Effective Elements 

Figure 82.1-1 Stiffened Elements 

(b) Deflection Determination. The effective widths, bct, used in computing deflection shall be deter-
mined from the following formulas: 

bct = w when A :5 0.673 

bct = pw when A> 0.673 

WHERE: 
w =Flat width 
p =Reduction factor determined by either of the following two procedures: 

(l) Procedure I. 

(Eq. B2.1-5) 
(Eq. B2.1-6) 

A low estimate of the effective width may be obtained from Eqs. B2.1-3 and B2.1-4 where fct is 
substituted for f where fct is the computed compressive stress in the elem~nt being considered. 

(2) Procedure II. 
For stiffened elements supported by a web on each longitudinal edge an improved estimate of 
the effective width can be obtained by calculating p as follows: 

p = 1 when A :5 0.673 
p = (1.358- 0.461/A )/A when 0.673 <A< Ac 

p = (0.41 + 0.59 jFy/fd- 0.22/A)/A when A ~ "Ac 
p shall not exceed 1.0 for all cases. 

WHERE: 

Ac = 0.256 + 0.328 (w/t) jFy/E 

and A is as defined by Eq. B2.1-4 except that fct is substituted for f. 

(Eq. B2.1-7) 
(Eq. B2.1-8) 

(Eq. B2.1-9) 

(Eq. B2.1-10) 

B2.2 Uniformly Compressed Stiffened Elements with Circular Holes. (a) Load Capacity Deter­
mination. The effective width, b, of stiffened elements with uniform compression having circular 
holes shall be determined as follows: 
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for 0.50 2:: dh/w 2:: 0, and w/t :5 70 
center-to-center spacing of holes> 0.50w, and 3dh, 

b = w - dh when A. :5 0.673 
b = w(l-0.22/A.-O.Sdh/w)/A. when A.> 0.673 
b shall not exceed w-dh 

WHERE: 
w = Flat width 
dh = Diameter of holes 
A. is as defined in Section B2.1. 

1994 UNIFORM BUILDING CODE 

(Eq. B2.2-l) 
(Eq. B2.2-2) 

(b) Deflection Determination. The effective width, bct, used in deflection calculations shall be 
equal to b determined in accordance with Procedure I of Section B2.2a except that fct is substituted 
for f, where fct is the computed compressive stress in the element being considered. 

B2.3 Effective Widths of Webs and Stiffened Elements with Stress Gradient. (a) Load Capacity 
Determination. The effective widths, bt and b2, as shown in Figure B2.3-1 shall be determined from 
the following formulas: 

b 1 = be/(3 - \jl ) (Eq. B2.3-1) 
For \jl :5 -0.236 

b2 = be/2 (Eq. B2.3-2) 
bt + b2 shall not exceed the compression portion of the web calculated on the basis of effective 
section 

For \jl > -0.236 

b2 = be- bt 

WHERE: 

(Eq. B2.3-3) 

be =Effective width b determined in accordance with Section B2.1 with f 1 sub:;tituted for f and 
with k determined as follows: 

k =4 + 2(1 - 'l' )3 + 2(1- \j/) (Eq. B2.3-4) 
'l' =f2/ft 

f1, f2 =Stresses shown in Figure B2.3-l calculated on the basis of effective section. 

f1 is compression ( +) and f2 can be either tension (-) or compression. In case ft and f2 are both 
compression, f 1 ~ f2 

(b) Deflection Determination. The effective widths in computing deflections at a given load shall 
be determined in accordance with Section B2.3a except that fctt and fct2 are substituted for ft and f2, 
where fctt. fct2 =Computed stresses ft and f2 as shown in Figure B2.3-l. Calculations are based on 
the effective section at the load for which deflections are determined. 
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Figure 82.3-1 Stiffened Elements with Stress Gradient and Webs 

B3 Effective Widths of Unstiffened Elements. B3.1 Uniformly Compressed Unstiffened Ele­
ments. (a) Load Capacity Determination. Effective widths, b, of unstiffened compression elements 
with uniform compression shall be determined in accordance with Section B2.1 a with the exception 
that k shall be taken as 0.43 and w as defined in Figure B3.1-l. 
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w 

( 
Actual Element 

1 rtJ-----­
~ I 

Effective Element and Stress 
on Effective Element 

Figure 83.1-1 Unstiffened Element with Uniform Compression 

(b) Deflection Determination. The effective widths used in computing deflections shall be deter­
mined in accordance with Procedure I of Section B2.1 b except that fct is substituted for f and k = 
0.43. 

B3.2 Unstiffened Elements and Edge Stiffeners with Stress Gradient. (a) Load Capacity Deter­
mination. Effective widths, b, of unstiffened compression elements and edge stifft:ners with stress 
gradient shall be determined in accordance with Section B2.1 a with f = f3 as in Figure B4-2 in the 
element and k = 0.43. 

(b) Deflection Determination. Effective widths, b, of unstiffened compression ekments and edge 
stiffeners with stress gradient shall be determined in accordance with Procedure I cf Section B2.1 b 
except that fct3 is substituted for f and k = 0.43. 

B4 Effective Widths of Elements with an Edge Stiffener or One Intermediate Stiffener. The fol­
lowing notation is used in this section. 

s 
k 
bo 
d,w,D = 
ds 

d's 
C1,C2 
As = 

1.28JE/F (Eq. B4-1) 
Buckling coefficient 
Dimension defined in Figure B4-l 
Dimensions defined in Figure B4-2 
Reduced effective width of the stiffener as specified in this section. ds, calculated ac­
cording to Section B4.2, is to be used in computing the overall effectivE: section proper­
ties (see Figure B4-2) 
Effective width of the stiffener calculated according to Section B3.1 (1;ee Figure B4-2) 
Coefficients defined in Figure B4-2 
Reduced area of the stiffener as specified in this section. As is to be used in computing 
the overall effective section properties. The centroid of the stiffener is to be considered 
located at the centroid of the full area of the stiffener, and the momen1 of inertia of the 
stiffener about its own centroidal axis shall be that of the full section of the stiffener. 

Ia Adequate moment of inertia of stiffener, so that each component element will behave 
as a stiffened element. 

Is, A's Moment of inertia of the full stiffener about its own centroidal axis p~lrallel to the ele­
ment to be stiffened and the effective area of the stiffener, respectively. For edge stiff­
eners the round comer between the stiffener and the element to be stifkned shall not be 
considered as a part of the stiffener. 

For the stiffener shown in Figure B4-2: 
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Is = (d3t sin29)!12 (Eq. B4-2) 
A's d'st (Eq. B4-3) 

B4.1 Uniformly Compressed Elements with an Intermediate Stiffener (a) Load Capacity Deter­
mination 

Case 1: 

Ia 
b 

boft :5 s 
= 0 (no intermediate stiffener needed) 
= w 

As = A's 
Case II: S < boft < 3S 

Ialt4 = [50(boft)/S] -50 
band As are calculated according to Section B2.la where 

k = 3(1sfla) 112+ 1 :5 4 
As= A'sOslla) :5 A's 

Case III: boft ~ 3S 
Ia/t4 = [128(boft)/S]- 285 

band As are calculated according to Section B2.1a where 

(Eq. B4.1-l) 
(Eq. B4.1-2) 
(Eq. B4.1-3) 
(Eq. B4.1-4) 
(Eq. B4.1-5) 
(Eq. B4.1-6) 

(Eq. B4.1-7) 
(Eq. B4.1-8) 

(Eq. B4.1-9) 

k = 3(1slla) 113 + 1 :54 (Eq. B4.1-10) 
As= A's Oslla) :5 A's (Eq. B4.1-ll) 

(b) Deflection Determination. Effective widths shall be determined as in Section B4.1 a except 
that fct is substituted for f. 

Acrual Elements 

Stiffener SecOOri 

Effdve Elements and Stress 
on Effdve Element 

Figure 84-1 Elements with Intermediate Stiffener 

B4.2 Uniformly Compressed Elements with an Edge Stiffener. (a) Load Capacity Determina­
tion. 

Case 1: w/t :5 S/3 
Ia = 0 (no edge stiffener needed) 
b = w 
ds d's for simple lip stiffener 

(Eq. B4.2-1) 
(Eq. B4.2-2) 
(Eq. B4.2-3) 
(Eq. B4.2-4) 
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As 
Case II: 

Ia/t4 

n 

= A's for other stiffener shapes 
S/3 < w/t < S 
= 399{ [(w/t)/S]- 0.33 }3 
= 112 

c2 = lslla s 1 
(Eq. B4.2-7) 

Ct = 2-C2 
b shall be calculated according to Section B2.1 where 

k = [4.82- 5(D/w)](lslla)n + 0.43 S 5.25- 5(D/w) 
for 0.8 ~ D/w > 0.25 

k = 3.57(1slla)n + 0.43 S 4.0 
for (D/w) s 0.25 

ds = d's Clslla) S d's 
for simple lip stiffener 

As= A's Clslla) S A's 
for other stiffener shape 

Case III: w/t ~ S 
laft4 = [ 115 (w/t)/S] + 5 
C 1, C2, b, k, ds, As are calculated per Case II with n = 113. 

(Eq. B4.2-5) 

(Eq. B4.2-6) 

(Eq. B4.2-8) 

(Eq. B4.2-9) 

(Eq. B4.2-10) 

(Eq. B4.2-ll) 

(Eq. B4.2-12) 

(Eq. B4.2-13) 

(b) Deflection Determination. Effective widths shall be determined as in Section B4.2a except 
that fct is substituted for f. 
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BS Effective Widths of Edge Stiffened Elements with Intermediate Stiffeners or Stiffened Ele­
ments with More Than One Intermediate Stiffener. For the determination of the effective width, the 
intermediate stiffener of an edge stiffened element or the stiffeners of a stiffened element with more 
than one stiffener shall be disregarded unless each intermediate stiffener has the minimum Is as fol­
lows: 

Imin = [3.66j(wjt)2
- (0.136E/Fy)]t4 

but not less than 18.4 t4 

WHERE: 
w/t =Width-thickness ratio of the larger stiffened sub-element 

(Eq. BS-1) 

Is = Moment of inertia of the full stiffener about its own centroidal axis parallel to the element to be 
stiffened 

(a) If the spacing of intermediate stiffeners between two webs is such that for the sub-element be­
tween stiffeners b < w as determined in Section B2.1, only two intermeC.iate stiffeners (those 
nearest each web) shall be considered effective. 

(b) If the spacing of intermediate stiffeners between a web and an edge stiffener is such that for the 
sub-element between stiffeners b < w as determined in Section B2.1, o rlly one intermediate 
stiffener, that nearest the web, shall be considered effective. 

(c) If intermediate stiffeners are spaced so closely that for the elements between stiffeners b =was 
determined in Section B2.1, all the stiffeners may be considered effective. In computing the 
flat-width to thickness ratio of the entire multiple-stiffened element, such ~lement shall be con­
sidered as replaced by an "equivalent element" without intermediate stiFfeners whose width, 
b0 , is the full width between webs or from web to edge stiffener, and wh~se equivalent thick­
ness, ts, is determined as follows: 

ts = ~ 121,r/bo 

WHERE: 

(Eq. BS-2) 

lsr = Moment of inertia of the full area of the multiple-stiffened element, including the interme­
diate stiffeners, about its own centroidal axis. The moment of inertia of the ~~ntire section shall be 
calculated assuming the "equivalent element" to be located at the centroidal axis of the multiple 
stiffened element, including the intermediate stiffener. The actual extreme fiber distance shall 
be used in computing the section modulus. 

(d) If w/t > 60, the effective width, be, of the sub-element or element shall be determined from the 
following formula: 

belt= b/t- O.lO(w/t- 60) (Eq. BS-3) 

WHERE: 
w/t =flat-width ratio of sub-element or element 
b =effective design width determined in accordance with the provision:; of Section B2.1 
be =effective design width of sub-element or element to be used in design computations 

For computing the effective structural properties of a member having compression sub-elements 
or element subject to the above reduction in effective width, the area of stiffeners (edge stiffener or 
intermediate stiffeners) shall be considered reduced to an effective area as f,)llows: 

For 60 < w/t < 90: 

Aer= Mst 

WHERE: 
a = (3- 2be/w)- (1/30)(1- be/w)(w/t) 

For w/t;:::: 90: 

(Eq. BS-4) 

(Eq. BS-5) 
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(Eq. B5-6) 

In the above expressions, Aef and A81 refer only to the area of the stiffener section, exclusive of 
any portion of adjacent elements. 

The centroid of the stiffener is to be considered located at the centroid of the full area of the stiff­
ener, and the moment of inertia of the stiffener about its own centroidal axis shall b~ that of the full 
section of the stiffener. 

B6 Stiffeners. B6.1 Transverse Stiffeners. Transverse stiffeners attached to beam webs at points 
of concentrated loads or reactions, shall be designed as compression members. Concentrated loads 
or reactions shall be applied directly into the stiffeners, or each stiffener shall be fitted accurately to 
the flat portion of the flange to provide direct load bearing into the end of the stiffener. Means for 
shear transfer between the stiffener and the web shall be provided according to Chapter E. Required 
strengths for the concentrated loads or reactions shall not exceed the design strength, <l>cPn, where <l>c 
= 0.85 and Pn is the smaller value given by (a) and (b) as follows: 

(a)Pn = FwyAc (Eq. B6.1-l) 
(b)Pn = Nominal axial strength evaluated according to Section C4(a) with Ae replaced by Ab 

WHERE: 
Ac = 18t2 + As, for transverse stiffeners at interior support and under 

concentrated load 
Ac = JOt2 + As, for transverse stiffeners at end support 
Fwy= Lower value of beam web, Fy or stiffener section, Fys 
Ab = b1t +As, for transverse stiffeners at interior support and under 

concentrated load 
Ab = b2t + As, for transverse stiffeners at end support 
As = Cross sectional area of transverse stiffeners 

bt = 25t [0.0024(Lstlt) + 0.72] $ 25t 

b2 = 12t [0.0044(Lstlt) + 0.83] $ 12t 
Lst = Length of transverse stiffener 
t = Base thickness of beam web 

(Eq. B6.1-2) 
(Eq. B6.1-3) 

(Eq. B6.1-4) 
(Eq. B6.1-5) 

(Eq. B6.1-6) 

(Eq. B6.1-7) 

The wits ratio for the stiffened and unstiffened elements of cold-formed steel transverse stiffeners 

shall not exceed 1.28 j(E/Fy,) and 0.37 j(E/Fy,), respectively, where Fys is the yield stress, Fy. and 
ts the thickness of the stiffener steel. 

B6.2 Shear Stiffeners. Where shear stiffeners are required, the spacing shall be mch that the re­
quired shear strength shall not exceed the design shear strength, <!>v V n• permitted by Section C3 .2, 
and the ratio alh shall not exceed [2601(h/t)]2 nor 3.0. 

The actual moment of inertia, Is, of a pair of attached shear stiffeners, or of a sing!~ shear stiffener, 
with reference to an axis in the plane of the web, shall have a minimum value of 

Ismin = 5ht3[hla- 0.7(alh)] 2:: (h/50)4 

The gross area of shear stiffeners shall be not less than 

Ast = [(I - Cv)/2]{a/h - (a/hN[(a/h) + ji + (a/h)2
] }YDht 

WHERE: 
Cv = 45,000kv I [Fy (h/t)2] (For SI: Cv = 1.55 kvEI[Fy (h/t)2]) when Cv 5. 0.8 

Cv = [1901(h/t)] jkv/Fy (For SI: [1.12/(h/t)] jEkv/Fy when Cv > 0.8 

kv = 4.00 + 5.34 I (alh)2 when alh 5. 1.0 
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kv = 5.34 + 4.00 I (alh)2 when alh > 1.0 
a Distance between transverse stiffeners 
Y = Yield point of web steel/Yield point of stiffener steel 
D = 1.0 for stiffeners furnished in pairs 
D 1.8 for single-angle stiffeners 
D 2.4 for single-plate stiffeners 
t and h are as defined in Section B 1.2 
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(Eq. B6.2-6) 

B6.3 Non-Conforming Stiffeners. The design strength of members with transverse stiffeners that 
do not meet the requirements of Section B6.l or B6.2, such as stamped or rolled-in transverse stiff­
eners shall be determined by tests in accordance with Chapter F of this Specification. 

C. MEMBERS 
C I Properties of Sections. Properties of sections (cross-sectional area, moment of inertia, section 

modulus, radius of gyration, etc.) shall be determined in accordance with conventional methods of 
structural design. Properties shall be based on the full cross section of the members (or net sections 
where the use of net section is applicable) except where the use of a reduced cross section, or effec­
tive design width, is required. 

C2 Tension Members. For axially loaded tension members, the design tensik strength, <j>1T n• shall 
be determined as follows: 

<l>t =0.95 
Tn =AnFy 

WHERE: 
T n =Nominal strength of member when loaded in tension 
<l>t = Resistance factor for tension 
An= Net area of the cross section 
Fy =Design yield stress as determined in Section A5.2.1 

(Eq. C2-l) 

For tension members using bolted connections, the design tensile strength shall also be limited by 
Section E3.2. 

C3 Flexural Members. C3.1 Strength for Bending Only. The design flexural strength, <l>bMn, shall 
be the smallest of the values calculated according to Sections C3.1.1, C3.1.2, and C3.1.3. 

C3.1.1 Nominal Section Strength. The design flexural strength, <l>bMn, shai I be determined with 
<l>b = 0.95 for sections with stiffened or partially stiffened compression flanges and 0.90 for sections 
with unstiffened compression flanges, and the nominal section strength, Mn, calculated either on 
the basis of initiation of yielding in the effective section (Procedure I) or on the basis of the inelastic 
reserve capacity (Procedure II) as applicable. 

(a) Procedure 1-Based on Initiation of Yielding. Effective yield moment based on section 
strength, Mn, shall be determined as follows: 

Mn = SeFy 

WHERE: 
Fy = Design yield stress as determined in Section A5.2.1 

(Eq. C3.1.1-l) 

Se = Elastic section modulus of the effective section calculated with the extreme compres­
sion or tension fiber at Fy 

(b) Procedure 11-Based on Inelastic Reserve Capacity. The inelastic flexural reserve capacity 
may be used when the following conditions are met: 

(1) The member is not subject to twisting or to lateral, torsional, or torsional-flexural buckling. 

(2) The effect of cold forming is not included in determining the yield point Fy. 
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(3) The ratio of the depth of the compressed portion of the web to its thickness does not exceed 
AI. 

(4) The shear force does not exceed 0.35Fy times the web area, ht. 

(5) The angle between any web and the vertical does not exceed 30 degrees. 

The nominal flexural strength, Mn, shall not exceed either 1.25 SeFy determined according to 
Procedure I or that causing a maximum compression strain of Cyey (no limit is placed on the 
maximum tensile strain). 

WHERE: 
ey = Yield strain = FyiE 

E = Modulus of elasticity 

Cy = Compression strain factor determined as follows: 

(a) Stiffened compression elements without intermediate stiffeners 
Cy = 3 for w/t :5 AI 
Cy = 3- 2[(w/t)- AI)/(A2- AI)] for AI< w/t < A2 
Cy = I for w/t;;::: A2 

WHERE: 

AI = 1.11/ jFy/E 

A2 = 1.28/ jFy/E 

(b) Unstiffened compression elements 
Cy = 1 

(Eq. C3.1.1-2) 

(Eq. C3.1.1-2) 

(c) Multiple-stiffened compression elements and compression elements with ed~:e stiffeners 
Cy = I 

When applicable, effective design widths shall be used in calculating section pro;Jerties. Mn shall 
be calculated considering equilibrium of stresses, assuming an ideally elastic-pla:;tic stress-strain 
curve which is the same in tension as in compression, assuming small deformaticn and assuming 
that plane sections remain plane during bending. Combined bending and web crippling shall be 
checked by provisions of Section C3.5. 

C3.1.2 Lateral Buckling Strength. [The provisions of this Section apply to 1-, Z-, C- and other 
singly-symmetric section flexural members (not including multiple-web deck, U- and closed 
box-type members, and curved or arch members). The provisions of this Section do not apply to 
laterally unbraced compression flanges of otherwise laterally stable sections. Refer to C3.1.3 for 
C- and Z-purlins in which the tension flange is attached to sheathing. 

The design strength of the laterally unbraced segments of singly-, doubly-, and point-symmetric 
sections subject to lateral buckling, «l>bMn shall be determined with «l>b = 0.90 and Mn calculated as 
follows: 

Mn = Se(Me/Sr) (Eq. C3.1.2-1) 

WHERE: 
Sr Elastic section modulus of the full unreduced section for the extreme compression fiber 
Se = Elastic section modulus of the effective section calculated at a stress Me I Sr in the ex­

treme compression fiber 
Me= Critical moment calculated according to (a) or (b) below: 

(a) For singly-, doubly-, and point-symmetric sections: 

For Me > 0.5My 

Me = My(l - My14Me) 

For Me :5 0.5My 
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(Eq. C3.1.2-3) 

My = Moment causing initial yield at the extreme compression fiber of the full section 
Sr Fy (Eq. C3.1.2-4) 
Elastic critical moment computed by the following equations: 

Cbr oA /aeyOt for bending about the symmetry axis. For singly-symmetric sections, x-axis 
is the axis of symmetry oriented such that the shear center has a negative x-coordinate. For 
point-symmetric sections, use 0.5 Me. (Eq. C3.1.2-5) 

Alternatively, Me can be calculated using the formula for doubly-symmetric !-sections or 
point-symmetric sections given in (b) 

CsAOcxU + Cs Jj 2 + r2 
0 (0/00,)]/CTF (Eq. C3.1.2-6) 

for bending about the centroidal axis perpendicular to the symmetry axis for singly-sym­
metric sections only 

Cs + 1 for moment causing compression on the shear center side of the centroid 
Cs -1 for moment causing tension on the shear center side of the centroid 
Oex 1t2E/(KxLxlrx)2 

Oey 1t2E/(KyLylry)2 
Ot [ 11(Aro2)] [GJ + 1t2ECw/(KtLt)2] 
A Full cross-sectional area 

(Eq. C3.1.2-7) 
(Eq. C3.1.2-8) 
(Eq. C3.1.2-9) 

Cb = Bending coefficient which can conservatively be taken as unity, or calculated from 
Cb 1.75 + 1.05(M,IM2) + 0.3 (M 1/M2) 2 ::;; 2.3 
WHERE: 

M 1 is the smaller and M2 the larger bending moment at the ends of the unbraced length, 
taken about the strong axis of the member, and where M 11M2, the ratio of end moments, is 
positive when M, and M2 have the same sign (reverse curvature bending) and negative 
when they are of opposite sign (single curvature bending). When the bending moment at 
any point within an unbraced length is larger than that at both ends of this length, and for 
members subject to combined axial load and bending moment (Section C5), Cb shall be 
taken as unity. 

E Modulus of elasticity 
CTF = 0.6-0.4 (M1/M2) 

WHERE: 
M 1 is the smaller and M2 the larger bending moment at the ends of the unbraced length, and 
where M1/M2, the ratio of end moments, is positive when M, and M2 have the same sign 
(reverse curvature bending) and negative when they are of opposite sign (single curvature 
bending). When the bending moment at any point within an unbraced length is larger than 
that at both ends of this length, and for members subject to combined axial load and bend­
ing moment (Section C5), CTF shall be taken as unity. 

r0 = Polar radius of gyration of the cross section about the shear center 

Jr~ + r; + x~ (Eq. C3.1.2-10)) 
rx, ry =Radii of gyration of the cross section about the centroidal principii axes 
G Shear modulus 
Kx, Ky, K1 =Effective length factors for bending about the x- andy-axes, and for twisting 
Lx, Ly, L1 = Unbraced length of compression member for bending about the x- and y-axes, and for 

twisting 
x0 = Distance from the shear center to the centroid along the principal x-axis, taken as negative 
J = St. Venant torsion constant of the cross section 
Cw = Torsional warping constant of the cross section 
j = [1/(21y)] (f Ax3dA + f Axy2dA)- x0 (Eq.C3.1.2-11) 
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(b) For 1- or Z-sections bent about the centroidal axis perpendicular to the web (l~-axis): 
In lieu of (a), the following equations may be used to evaluate Me: 
For Me ;::: 2. 78My 

Me =My 
For 2. 78My > Me > 0.56My 

Me = (I0/9)My (I- 10Myi36Me) 
For Me :5 0.56My 

Me = Me 

WHERE: 

(Eq.C3.1.2-12) 

(Eq.C3.1.2-13) 

(Eq.C3.1.2-14) 

Me = Elastic critical moment determined either as defined in (a) above or as follows: 
= 7t2ECbdlycf(L2) for doubly-symmetric !-sections (Eq.C3.1.2-15) 
= 7t2ECbdlyei(2L2) for point-symmetric Z-sections (Eq.C3.1.2-16) 

d Depth of section 
L = Unbraced length of the member 
lye = Moment of inertia of the compression portion of a section about the gravity axis of the 

entire section parallel to the web, using the full unreduced section 
Other terms are defined in (a). 

C3.1.3 Beams Having One Flange Through-Fastened to Deck or Sheathing. This section does not 
apply to a continuous beam for the region between inflection points adjacent to a support, or to a 
cantilever beam. 

The design flexural strength, <!>bMn, of a Channel or Z-section loaded in a plane parallel to the 
web, with the tension flange attached to deck or sheathing and with the compressior flange laterally 
unbraced shall be determined with <l>b = 0.90 and the nominal flexural strength, Mn, calculated as 
follows: 

Mn = RSeFy (Eq. C3.1.3-l) 

WHERE: 
R 0.40 for simple span C sections 

= 0.50 for simple span Z sections 
0.60 for continuous span C sections 

= 0. 70 for continuous span Z sections 
Se and Fy are defined in Section C3.1.1 

The reduction factor, R, shall be limited to roof and wall systems meeting the following condi-
tions: 

(I) Member depth less than 11.5 inches (292 mm) 
(2) The flanges are edge stiffened compression elements 

(3) 60 :5 depth/thickness :5 170 
(4) 2.8 :5 depth/flange width :5 4.5 

(5) 16 :5 flat width/thickness of flange :5 43 
(6) For continuous span systems, the lap length at each interior support in each direction (dis­

tance from center of support to end of lap) shall not be less than: 
1.5d for Zee sections 
3.0d for Channel sections 

(7) Member span length no greater than 33 feet (10 058 mm) 
(8) For continuous span systems, the longest member span shall not be more than 20% greater 

than the shortest span 
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(IO) Roof or wall panels shall be steel sheets, minimum of O.OI9 in. (0.48 mm) coated thickness, 
having a minimum rib depth of I in. (25 mm), spaced a maximum of 12 in. (305 mm) on cen­
ters and attached in a manner to effectively inhibit relative movement between the panel and 
purlin flange 

(1I) Insulation shall be glass fiber blanket 0 to 6 inches (0 to 152 mm) thick compressed between 
the member and panel in a manner consistent with the fastener being used 

(12) Fastener type: minimum No. 12 self-drilling or self-tapping sheet meta.! screws or 3t 16-inch 
(4.8 mm) rivets, washers 1h inch (13 mm) diameter 

( 13) Fasteners shall not be standoff type screws 

(14) Fasteners shall be spaced not greater than 12 in. (305 mm) on centers and placed near the 
center of the beam flange 

If variables fall outside any of the above stated limits, the user must perform full scale tests in 
accordance with Section F1 of the Specification, or apply another rational analysis procedure. In 
any case, the user is permitted to perform tests, in accordance with Section F1, as an alternate to the 
procedure described in this section. 

C3.2 Strength for Shear Only. The design shear strength, <l>v V 0 , at any section shall be calcuated 
as follows: 

(a) For h/t :5 jEkv/Fy 

<l>v = 1.0 
V n = 0.577Fyht 

(b) For jEkv/Fy< h/t ~ 1.415 jEkv/Fy 

<!>v =0.90 

V n = 0.64t2 jkvFyE 

(c) For hit> 1.415 jEkv/Fy 

<l>v =0.90 
V n = 0.905Ekvt3/h 

WHERE: 
<l>v = Resistance factor for shear 
V n =Nominal shear strength of beam 
t =Web thickness 

(Eq. C3.2.-1) 

(Eq. C3.2-2) 

(Eq. C3.2-3) 

h =Depth of the flat portion of the web measured along the plane cf the web 
kv = Shear buckling coefficient determined as follows: 

I. For unreinforced webs, kv = 5.34 

2. For beam webs with transverse stiffeners satisfying the requirements of Section B6 

when alh :5 1.0 
kv = 4.00 + 5.34/(afh)2 (Eq. C3.2-4) 

when alh > 1.0 
kv = 5.34 + 4.00/(afh)2 (Eq. C3.2-4) 

WHERE: 
a = the shear panel length for unreinforced web element 

= distance between transverse stiffeners for reinforced web elemt:nts. 
For a web consisting of two or more sheets, each sheet shall be considered as a separate element 

carrying its share of the shear force. 
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C3.3 Strength for Combined Bending and Shear For beams with unreinforced Wf:bs, the required 
flexural strength, Mu, and the required shear strength, Vu, shall satisfy the following interaction 
equation: 

(Mul<!>bMnxo) + (Vul<!>vVn)2 ~ 1.0 (Eq. C3.3-l) 
For beams with transverse web stiffeners, the required flexural strength, Mu, and the required 

shear strength, Vu, shall not exceed <!>bMn and <!>vVn, respectively. When Mul(<!>bMnxo) > 0.5 and 
Vul(<!>v V n) > 0.7, then Mu and Vu shall satisfy the following interaction equation: 

0.6(Mul<!>bMnxo) + (Vul<!>v V n) ~ 1.3 (Eq. C3.3-2) 
In the above: 

<!>b Resistance factor for bending (See Section C3.1) 
<!>v Resistance factor for shear (See Section C3.2) 
Mn Nominal flexural strength when bending alone exists 
Mnxo =Nominal flexural strength about the centroidal x-axis determined in accordance with Sec­

tion C3.1 excluding the provisions of Section C3.1.2 
V n = Nominal shear strength when shear alone exists 

C3.4 Web Crippling Strength. These provisions are applicable to webs of flexural members sub­
ject to concentrated loads or reactions, or the components thereof, acting perpendicular to the longi­
tudinal axis of the member, and in the plane of the web under consideration, and causing 
compressive stresses in the web. 

To avoid crippling of unreinforced flat webs of flexural members having a flat width ratio, hit, 
equal to or less than 200, the required strength for the concentrated loads and re:::ctions shall not 
exceed the values of <!>wPn, with <!>w = 0.75 and 0.80 for single unreinforced web5 and !-sections, 
respectively, and Pn given in Table C3.4-I. Webs of flexural members for which h/t is greater than 
200 shall be provided with adequate means of transmitting concentrated loads and/or reactions di­
rectly into the webs. 

The formulas in Table C3.4-l apply to beams when Rlt :5 6 and to deck when Rlt :5 7, Nit :5 210 
and Nih :5 3.5. 

Pn represents the nominal strength for concentrated load or reaction for one solid web connecting 
top and bottom flanges. For two or more webs, Pn shall be computed for each individual web and the 
results added to obtain the nominal load or reaction for the multiple web. 

For built-up !-sections, or similar sections, the distance between the web com.ector and beam 
flange shall be kept as small as practical. 

Opposing Loads End Reaction(3) 

Spaced > 1.5h(2) 
Interior Reaction(4) 

Opposing Loads End Reaction(3) 
Spaced ::s 

Interior Reaction(4) 1.5h(5) 

TABLE C3.4-1 
Pn 

Shapes Having Single Webs 

Stiffened or Partially 
Stiffened Flanges 

Unstlffened Flanges 

Eq. C3.4-l Eq. C3.4-2 

Eq. C3.4-4 Eq. C3.4-4 

Eq. C3.4-6 Eq. C3.4-6 

Eq. C3.4-8 Eq. C3.4-8 

Footnotes and Equation References to Table C3.4-l: 

1-S·tcllons or Similar 
Sectlons11) 

S11ffened, Partially 
Stiffened and 

Unstlffened Flanges 

Eq. C3.4-3 

Eq. C3.4-5 

Eq. C3.4-7 

Eq. C3.4-9 

(1) !-sections made of two channels connected back to back or similar sections which provide a 
high degree of restraint against rotation of the web (such as !-sections made by welding two 
angles to a channel). 
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(2) At locations of one concentrated load or reaction acting either on the top or bottom flange, when 
the clear distance between the bearing edges of this and adjacent opposite concentrated loads or 
reactions is greater than 1.5h. 

(3) For end reactions of beams or concentrated loads on the end of cantilevers when the distance 
from the edge of the bearing to the end of the beam is less than 1.5h. 

( 4) For reactions and concentrated loads when the distance from the edge of bearing to the end of 
the beam is equal to or greater than 1.5h. 

(5) At locations of two opposite concentrated loads or of a concentrated load and an opposite reac­
tion acting simultaneously on the top and bottom flanges, when the clear distance between their 
adjacent bearing edges is equal to or less than 1.5h. 

Equations for Table C3.4-1: 

t2kC3C4C6[331- 0.61(h/t)] [1 + 0.01(N/t)] (Eq. C3.4-1) 
t2 kC3C4C6[217- 0.28(h/t)] [1 + 0.01(N/t)] (Eq. C3.4-2) 

when N/t > 60, the factor [1 + O.Ol(N/t)] may be increased to [0.71 + 0.015(N/t)] 

t2FyC6(10 + 1.25 fNjr) (Eq. C3.4-3) 

t2 kC 1C2C9[538- 0.74(h/t)] [1 + 0.007(N/t)] (Eq. C3.4-4) 
When N/t > 60, the factor [1 + 0.007(N/t)] may be increased to [0.75 + O.Ql 1(N/t)] 

t2FyCs(0.88+0.12m)(15 + 3.25 fNjr) (Eq. C3.4-5) 
t2 kC3C4C6[244- 0.57(h/t)] [1 + 0.01(N/t)] (Eq. C3.4-6) 

t2FyCs(0.64+0.31m)(lO + 1.25 fNjr) (Eq. C3.4-7) 
t2 kC 1C2C9[771- 2.26(h/t)] [1 + 0.0013(N/t)] t2FyC7(0.82+0.15m) (Eq. C3.4-8) 

t2FyC7(0.82+0.15m)(15 + 3.25 fNjr) (Eq. C3.4-9) 

For SI in Eq. C3.4-1 through C3.4-9: kips X 4448 for N/mm2. 
In the above-referenced formulas: 
<!>w = Resistance factor for web crippling 
Pn = Nominal strength for concentrated load or reaction per web 
c1 = (1.22- o.22k) 
C2 = ( 1.06- 0.06R/t) :s 1.0 
C3 = < 1.33 - o.33k) 
C4 = (1.15- 0.15R/t) :s 1.0 but not less than 0.50 
c 5 = (1.49- 0.53k) ;;::: 0.6 
c6 = 1 + (h/t)/750, when h/t ~ 150 

= 1.20, when h/t > 150 
c7 = 1/k, when h/t :5 66.5 

= [1.10- (h/t)/665](1/k), when h/t > 66.5 
Cs = [0.98- (h/t)/865](1/k) 
C9 = 0. 7 + 0.3 (9 /90)2 
Fy = Design yield stress of the web, see Section A5.2.1 
h = Depth of the flat portion of the web measured along the plane of the ~eb 
k = Fyl33 (For SI: k = Fyl227) 
m = t/0.075 
t = Web thickness, inches (mm) 

(Eq. C3.4-10) 
(Eq. C3.4-11) 
(Eq. C3.4-12) 
(Eq. C3.4-13) 
(Eq. C3.4-14) 
(Eq. C3.4-15) 
(Eq. C3.4-16) 
(Eq. C3.4-17) 
(Eq. C3.4-18) 
(Eq. C3.4-19) 
(Eq. C3.4-20) 

(Eq. C3.4-21) 
(Eq. C3.4-22) 

N =Actual length of bearing, inches (mm). For the case of two equal and cpposite concentrated 
loads distributed over unequal bearing lengths, the smaller value of N shall be taken 
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R = Inside bend radius 

e =Angle between the plane of the web and the plane of the bearing surface~ 4S o, but not more 
than 90° 

C3.5 Combined Bending and Web Crippling Strength. Unreinforced flat webs of shapes sub­
jected to a combination of bending and concentrated load or reaction shall be desi~;ned to meet the 
following requirements: 

(a) For shapes having single unreinforced webs: 

(Eq. C3.5-l) 
Exception: At the interior supports of continuous spans, the above formula is not applicable to 

deck or beams with two or more single webs, provided the compression edges of adjacent webs are 
laterally supported in the negative moment region by continuous or intermittently connected flange 
elements, rigid cladding, or lateral bracing, and the spacing between adjacent webs does not exceed 
10 inches. 

(b) For shapes having multiple unreinforced webs such as !-sections made of two channels con­
nected back-to-back, or similar sections which provide a high degree of restraint against rota­
tion of the web (such as !-sections made by welding two angles to a channel); 

(Eq. C3.5-2) 

Exception: When h/t :5 2.33/ jFy/E and').. :5 0.673, the nominal concentrated load or reaction 
strength may be determined by Section C3.4. In the above formulas: 

<l>b =Resistance factor for bending (See Section 3.1) 
<l>w =Resistance factor for web crippling (See Section C3.4) 
Pu =Required strength for the concentrated load or reaction in the presence of bending moment 
Pn =Nominal strength for concentrated load or reaction in the absence of bending moment deter-

mined in accordance with Section C3.4 
Mu =Required flexural strength at, or immediately adjacent to, the point of applicltion of the con­

centrated load or reaction Pu 
Mnxo =Nominal flexural strength about the centroidal x-axis determined in accordance with Section 

C3.1 excluding the provisions of Section C3.1.2 
w =Flat width of the beam flange which contacts the bearing plate 
t =Thickness of the web or flange 
').. =Slenderness factor given by Section B2.1 

C4 Concentrically Loaded Compression Members. This section applies to members in which the 
resultant of all loads acting on the member is an axial load passing through the centroid of the effec­
tive section calculated at the stress, Fn, defined in this section. 

(a) The design axial strength, cJ>cPn, shall be calculated as follows: 

<l>c = 0.85 
Pn = AeFn 

where 

(Eq. C4-l) 

Ae =Effective area at the stress Fn. For sections with circular holes, Ae shall be determined accord­
ing to Section B2.2a, subject to the limitations of that section. If the number of holes in the 
effective length region times the hole diameter divided by the effective length does not exceed 
0.0 15, Ae can be determined ignoring the holes. 

Fn is determined as follows: 
For Fe> Fy/2 

For Fe :5 Fyl2 
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Fe is the least of the elastic flexural, torsional and torsional-flexural buckling stress 
determined according to Sections C4.1 through C4.3. 

(b) For C- and Z-shapes, and single-angle sections with unstiffened flanges, P n shall be taken as 
the smaller of Pn calculated above and Pn calculated as follows: 

Pn = A7t2E/[25.7(w/t)2] (Eq. C4-4) 
where 

A Area of the full, unreduced cross section 
w = Flat width of the unstiffened element 

Thickness of the unstiffened element 
(c) Angle sections shall be designed for the required axial strength, Pu. acting simultaneously 

with a moment equal to PuUIOOO applied about the minor principal axis causing compression in the 
tips of the angle legs. 

(d) The slenderness ratio, KUr, of all compression members preferably should not exceed 200, 
except that during construction only, KL/r preferably should not exceed 300. 

C4.1 Sections Not Subject to Torsional or Torsional-Flexural Buckling. For doubly-symmetric 
sections, closed cross sections and any other sections which can be shown not to be subject to tor­
sional or torsional-flexural buckling, the elastic flexural buckling stress, Fe, shall be determined as 
follows: 

where 
E Modulus of elasticity 

(Eq. C4.1-l) 

K = Effective length factor [In frames where lateral stability is provided by diagonal bracing, 
shear walls, attachment to an adjacent structure having adequate lareral stability, or floor 
slabs or roof decks secured horizontally by walls or bracing systems parallel to the plane 
of the frame, and in trusses, the effective length factor, K, for compression members 
which do not depend upon their own bending stiffness for lateral stability of the frame or 
truss, shall be taken as unity, unless analysis shows that a smaller vz,lue may be used. In a 
frame which depends upon its own bending stiffness for lateral stability, the effective 
length, K.L, of the compression members shall be determined by '' rational method and 
shall not be less than the actual unbraced length. 

L = Unbraced length of member 
r = Radius of gyration of the full, unreduced cross section 

C4.2 Doubly- or Singly-Symmetric Sections Subject to Torsional or Torsional-Flexural Buck­
ling For sections subject to torsional or torsional-flexural buckling, Fe shall b~ taken as the smaller 
of Fe calculated according to Section C4.1 and Fe calculated as follows: 

Fe = (l/2~)[(0ex + 01) - j(Ocx + 01)
2 

- 4~0cx01] (Eq. C4.2-l) 

Alternatively, a conservative estimate of Fe can be obtained using the following equation: 

Fe = OtOexi(Ot + Oex) (Eq. C4.2-2) 
where o1 and Oex are as defined in C3.1.2(a) : 

(Eq. C4.2-3) 
For singly-symmetric sections, the x-axis is assumed to be the axis of symmetry. 

C4.3 Nonsymmetric Sections. For shapes whose cross sections do not have any symmetry, either 
about an axis or about a point, Fe shall be determined by rational analysis. Alternatively, compres­
sion members composed of such shapes may be tested in accordance with Chapter F. 

CS Combined Axial Load and Bending. The required strengths Pu. Mux. and Muy shall satisfy the 
following interaction equations: 
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Pui<PcPn + CrnxMuxl<l>tJ.Mnx<Xnx + CmyMuy /<!>bMny<Xny ~ 1.0 (Eq. C5-1) 
Pui<PcPno + Muxl<!>bMnx + Muy l<!>tJ.Mny ~ 1.0 (Eq. C5-2) 

When Pui<PcPn ~ 0.15, the following formula may be used in lieu of the above two formulas: 

Pui<PcPn + Muxl<!>bMnx + Muy /<!>bMny ~ 1.0 (Eq. C5-3) 
where 
P u = Required axial strength 
Mux and Muy =Required flexural strengths with respect to the centroidal axes of the effective sec­

tion determined for the required axial strength alone. For angle sec lions, Muy shall 
be taken either as the required flexural strength or the required flexural strength 
plus PuL/1000, whichever results in a lower value of Pn. 

Pn =Nominal axial strength determined in accordance with Section CL. 
Pno =Nominal axial strength determined in accordance with Section CL., with Fn = Fy 
Mnx and Mny =Nominal flexural strengths about the centroidal axes determinec. in accordance 

with Section C3 

1/ <Xnx• 1/ <Xny =Magnification factors 

= 11(1 - Puf<!>cPE) 
<l>b = 0.95 and 0.90 for bending strength (Section C3.1.1) or 

0.90 for laterally unbraced beam (Section C3.1.2) 

<l>c =0.85 

(Eq. C5-4) 

PE = 1t2Eib/(Ki/Lb)2 (Eq. C5-5) 
lb = Moment of inertia of the full, unreduced cross section about the axis of bending 
Lb = Actual unbraced length in the plane of bending 
Kb =Effective length factor in the plane of bending 
Cmx• Cmy =Coefficients whose value shall be taken as follows: 

1. For compression members in frames subject to joint translation (sidesway) 
Cm = 0.85 

2. For restrained compression members in frames braced against joint translation and not sub­
ject to transverse loading between their supports in the plane of bending 

Cm = 0.6- 0.4 (Mt/Mz) (Eq. C5-6) 
where 

M 1lM2 is the ratio of the smaller to the larger moment at the ends of that portion of the mem­
ber under consideration which is unbraced in the plane of bending. M1/M2 is positive when 
the member is bent in reverse curvature and negative when it is bent in sin:sle curvature. 

3. For compression members in frames braced against joint translation in the plane of loading 
and subject to transverse loading between their supports, the value of Cm may be determined 
by rational analysis. However, in lieu of such analysis, the following values may be used: 

(a) for members whose ends are restrained, Cm = 0.85, 
(b)for members whose ends are unrestrained, Cm = 1.0. 

C6 Cylindrical Tubular Members. The requirements of this Section apply to cylindrical tubular 
members having a ratio of outside diameter to wall thickness, D/t, not greater than 0.441 E!Fy. 

C6.1 Bending. For flexural members, the required flexural strength uncoupled from axial load, 
shear, and local concentrated forces or reactions shall not exceed <l>bMn, where <l>b == 0.95 and Mn is 
calculated as follows: 

For D/t :s; 0.070 E!Fy 

Mn = 1.25 FySr (Eq. C6.1-1) 

For 0.070 E/Fy < D/t :s; 0.319 E!Fy 
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Mn = [0.970 + 0.020(EIFy)/(D/t)]FySf 
For 0.319 E!Fy < D/t ::5 0.441 E!Fy 

Mn = [0.328E/(D/t)]Sr 
where 

Sr = Elastic section modulus of the full, unreduced cross section 
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(Eq. C6.1-2) 

(Eq. C6.1-3) 

C6.2 Compression. The requirements of this Section apply to members in which the resultant of 
all loads and moments acting on the member is equivalent to a single force in the direction of the 
member axis passing through the centroid of the section. 

The design axial strength, <l>cPn, shall be calculated as follows: 

<l>c = 0.85 
Pn = FnAe 

In the above equation, 

For Fe> Fy/2 

Fn Flexural buckling stress 

(Eq. C6.2-l) 

Fy [1 - Fy14Fe1 (Eq. C6.2-2) 
Fe The elastic flexural buckling stress determined according to Section C4.1 
Ae = [ 1 - (1 - R2)(1 - AJA)]A (Eq. C6.2-3) 

R = jFy/2Fe (Eq. C6.2-4) 
Ae = [0.037/(DFv/tE) + 0.667]A ~A for D/t ~ 0.441E!Fy (Eq. C6.2-5) 
A = Area of the unreduced cross section 

For Fe ::5 Fy12 

Fn = Fe 
Ae = A 

C6.3 Combined Bending and Compression. Combined bending and compression shall satisfy the 
provisions of Section CS. 

D. STRUCTURAL ASSEMBLIES 

D1 Built-Up Sections. Dl.l !-Sections Composed of Two Channels. The maximum permissible 
longitudinal spacing of welds or other connectors, Smax• joining two channel:; to form an I -section 
shall be 

(a) For compression members: 

Smax = Lrcyl(2q) 
where 

L Unbraced length of compression member 

(Eq. Dl.l-1) 

r1 = Radius of gyration of the !-section about the axis perpendicular to lhe direction in which 
buckling would occur for the given conditions of end support and intermediate bracing 

fey = Radius of gyration of one channel about its centroidal axis parallel to the web 
(b) For flexural members: 

Smax =L I 6 (Eq. Dl.l-2) 
In no case shall the spacing exceed the value 

Smax =2gTs/(mq) (Eq. Dl.l-3) 
where 

L = Span of beam 
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Ts Design strength of connection in tension (Section E) 
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g Vertical distance between the two rows of connections nearest to the top and bottom 
flanges 

q Intensity of factored load on the beam (For methods of determination, see below) 
m Distance from the shear center of one channel to the mid-plane of its web. 

For simyle channels without stiffening lips at the outer edges, 
m = wr/(2Wf +cl/3) (Eq. Dl.l-4) 
For channels with stiffening lips at the outer edges, 
m = Wfdt/(4Ix)[wfd + 2D(d- 4D2/3d)] (Eq. Dl.l-5) 

Wf Projection of flanges from the inside face of the web (For channels with flanges of un-
equal width, Wf shall be taken as the width of the wider flange) 

d = Depth of channel or beam 
D = Overall depth of lip 
Ix Moment of inertia of one channel about its centroidal axis normal to the web. 

The intensity of factored load, q, is obtained by dividing the magnitude of factored concentrated 
loads or reactions by the length of bearing. For beams designed for a uniformly di:;tributed load, q 
shall be taken equal to three times the intensity of the uniformly distributed factored load. If the 
length of bearing of a concentrated load or reaction is smaller than the weld spacing, s, the required 
design strength of the welds or connections closest to the load or reaction is 

Ts =P8/(2g) (Eq. Dl.l-6) 
where P8 is a concentrated load or reaction based on factored loads. 

The required maximum spacing of connections, Smax• depends upon the intensity of the factored 
load directly at the connection. Therefore, if uniform spacing of connections is used over the whole 
length of the beam, it shall be determined at the point of maximum local load intensity. In cases 
where this procedure would result in uneconomically close spacing, either one of the following 
methods may be adopted: (a) the connection spacing may be varied along the beam according to the 
variation of the load intensity; or (b) reinforcing cover plates may be welded to the flanges at points 
where concentrated loads occur. The design shear strength of the connections joining these plates to 
the flanges shall then be used for T8, and g shall be taken as the depth of the beam. 

D 1.2 Spacing of Connections in Compression Elements. The spacing, s, in the line of stress, of 
welds, rivets, or bolts connecting a cover plate, sheet, or a non-integral stiffener in compression to 
another element shall not exceed 

(a) that which is required to transmit the shear between the connected parts on the basis of the de­
sign strength per connection specified elsewhere herein; nor 

(b) l.16t jE/feo where tis the thickness of the cover plate or sheet, and fc is the stre;s at service load 
in the cover plate or sheet; nor 

(c) three times the flat width, w, of the narrowest unstiffened compression element tributary to the 

connections, but need not be less than l.lltj(E/Fy)if w/t < 0.50j(E/Fy), or 1.33tj(E/Fy) if 

wit ~ 0.50j(E/Fy). unless closer spacing is required by (a) or (b) above. 

In the case of intermittent fillet welds parallel to the direction of stress, the spacing shall be taken 
as the clear distance between welds, plus one-half inch. In all other cases, the spacing shall be taken 
as the center-to-center distance between connections. 

Exception: The requirements of this Section do not apply to cover sheets which act only as 
sheathing material and are not considered as load-carrying elements. 

D2 Mixed Systems. The design of members in mixed systems using cold-formed steel compo­
nents in conjunction with other materials shall conform to this Specification and the applicable 
Specification of the other material. 
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D3 Lateral Bracing. Braces shall be designed to restrain lateral bending or twisting of a loaded 
beam or column, and to avoid local crippling at the points of attachment. 

D3.1 Symmetrical Beams and Columns. Braces and bracing systems, including connections, 
shall be designed considering strength and stiffness requirements. 

D3.2 Channel-Section and Z-Section Beams. The following provisions for bracing to restrain 
twisting of channels and Z-sections used as beams loaded in the plane of the web, apply only when 
(a) the top flange is connected to deck or sheathing material in such a manner as to effectively re­
strain lateral deflection of the connected flange, or (b) neither flange is so connected. When both 
flanges are so connected, no further bracing is required. 

D3.2.1 Anchorage of Bracing for Roof Systems Under Gravity Load With lbp Flange Connected 
to Sheathing. For channels and Z-sections designed according to Section C3.1.1, and having deck 
or sheathing fastened directly to the top flanges in such a manner shown to effectively inhibit rela­
tive movement between the deck or sheathing and the purlin flange, provisions shall be made to 
restrain the flanges so that the maximum top flange lateral displacements with respect to the purlin 
reaction points do not exceed the span length divided by 360. If the top flange~; of all purlins face in 
the same direction, anchorage of the restraint system must be capable of satisfying the requirements 
of Sections D3.2.1 (a) and D3.2.1(b). If the top flanges of adjacent lines of purlins face in opposite 
directions, the provisions of Section D3.2.1 (a) and D3.2.1(b) do not apply. 

Anchored braces need to be connected to only one line of purlins in each pur lin bay of each roof 
slope if provision is made to transmit forces from other purlin lines through the roof deck and its 
fastening system. Anchored braces shall be as close as possible to the flange which is connected to 
the deck or sheathing. Anchored braces shall be provided for each purlin bay. 

For bracing arrangements other than those covered in Sections D3.2.1 (a) and D3.2.1 (b), tests in 
accordance with Chapter F shall be performed so that the type and/or spacing of braces selected are 
such that the test strength of the braced Z-section assembly is equal to or greater than its nominal 
flexural strength, instead of that required by Chapter F. 

(a) Channel Sections. For roof systems using channel sections for purlins with all compression 
flanges facing in the same direction, a restraint system capable of resisting O.OSW, in addition to 
other loading, shall be provided where W is the factored load supported by all purlin lines being 
restrained. Where more than one brace is used at a purlin line, the restraint ~orce O.OSW shall be 
divided equally between all braces. 

(b) Z-Sections. For roof systems having a diaphragm stiffness of at least 2,000 lb/in. (350 N/mm), 
having four to twenty Z-purlin lines with all top flanges facing in the direction of the upward roof 
slope, and with restraint braces at the purlin supports, midspan or one-third points, each brace shall 
be designed to resist a force determined as follows: 

For SI in (1) through (6) below: X 4.448 for N. 

( 1) Single-Span System with Restraints at the Supports: 
PL = 0.5[0.220bl.50t(np0.72d0.90t0.60)- sin9]W 

(2) Single-Span System with Third-Point Restraints: 
PL = 0.5[0.474bl.22f(np0.57d0.89t0.33)- sin9]W 

(3) Single-Span System with Midspan Restraint: 
PL = [0.224b 1.32/(np 0.65d0.83t0.5o)- sin9]W 

(4) Multiple-Span System with Restraints at the Supports: 
PL = Ctr[0.053bi.88L o. 13/(np 0.95d 1.07t0.94)- sin9]W 

with 
C1r = 0.63 for braces at end supports of multiple-span systems 
C1r = 0.87 for braces at the first interior supports 
C1r = 0.81 for all other braces 

(Eq. D3.2.1-l) 

(Eq. D3.2.1-2) 

(Eq. D3.2.1-3) 

(Eq. D3.2.1-4) 
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(5) Multiple-Span System with Third-Point Restraints: 
PL = C1h[0.181 bi.I5L0-25J(np0.54dl.llt0.29)- sin9]W 

with 
Cth = 0.57 for outer braces in exterior spans 
Cth = 0.48 for all other braces 

(6) Multiple-Span System with Midspan Restraints: 
PL = Cm5[0.116bl.32LO.I8f(np0.70dl.OOt0.50)- sin9]W 

with 
Cms = 1.05 for braces in exterior spans 
Cms = 0. 90 for all other braces 

where 
b =Flange width, in. (mm) 
d =Depth of section, in. (mm) 
t =Thickness, in. (mm) 
L =Span length, in. (mm) 

1994 UNIFORM BUILDING CODE 

(Eq. D3.2.1-5) 

(Eq. D3.2.1-6) 

9 =Angle between the vertical and the plane of the web of the Z-section, d~grees 
np =Number of parallel purlin lines 
W =Total factored load supported by the purlin lines between adjacent supports, pounds (N) 

The force, PL, is positive when restraint is required to prevent movement of the purl in flanges in 
the upward roof slope direction. 

For systems having less than four purlin lines, the brace force can be determined by taking 1.1 
times the force found from Equations D3.2.1-l through D3.2.1-6, with np = 4. For systems having 
more than twenty purlin lines, the brace force can be determined from Equations D3.2.1-1 through 
D3.2.1-6, with np = 20. 

D3.2.2 Neither Flange Connected to Sheathing. Each intermediate brace, at the top and bottom 
flange, shall be designed to resist a required lateral force, PL, determined as follcws: 
(a) For uniform loads, PL = 1.5K' times the factored load within a distance 0.5a each side of the 

brace. 

(b) For concentrated loads, PL = l.OK' times each concentrated load within a di~.tance 0.3a each 
side of the brace, plus 1.4K' (1-xla) times each factored concentrated load located farther than 
0.3a but not farther than 1.0a from the brace. 

In the above formulas: 

For channels and Z-sections: 

x = Distance from the concentrated load to the brace 
a = Distance between center line of braces 

For channels: 

K' = m/d 
where 

(Eq. D3.2.2-1) 

m = Distance from the shear center to the mid-plane of the web, as specified in Section D 1.1 
d = Depth of channel 

For Z-sections: 

K' = lxyllx 
where 

(Eq. D3.2.2-2) 

lxy = Product of inertia of the full section about centroidal axes parallel and perpendicular to 
the web 
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lx = Moment of inertia of the full section about the centroidal axis perpendicular to the web 
Braces shall be designed to avoid local crippling at the points of attachment to the member. 
Braces shall be attached both to the top and bottom flanges of the sections, at the ends and at inter-

vals not greater than one-quarter of the span length, in such a manner as to prevent tipping at the 
ends and lateral deflection of either flange in either direction at intermediate braces. If one-third or 
more of the total factored load on the beam is concentrated over a length of one-twelfth or Jess of the 
span of the beam, an additional brace shall be placed at or near the center of this loaded length. 

Exception: When all loads and reactions on a beam are transmitted throLigh members which 
frame into the section in such a manner as to effectively restrain the section against rotation and 
lateral displacement, no other braces will be required. 

D3.3 Laterally Unbraced Box Beams. For closed box-type sections used as beams subject to 
bending about the major axis, the ratio of the laterally unsupported length to the distance between 
the webs of the section shall not exceed 0.086 E!Fy. 

D4 Wall Studs and Wall Stud Assemblies. The design strength of a stud ma:1 be computed on the 
basis of Section C (neglecting sheathing and using steel only) or on the basis that sheathing (at­
tached to one or both sides of the stud) furnishes adequate lateral and rotational support to the stud in 
the plane of the wall, provided that the stud, sheathing, and attachments comply with the following 
requirements: 

Both ends of the stud shall be braced to restrain rotation about the Jongitudir al stud axis and hori­
zontal displacement perpendicular to the stud axis; however, the ends may or may not be free to 
rotate about both axes perpendicular to the stud axis. The sheathing shall be connected to the top and 
bottom members of the wall assembly to enhance the restraint provided to the stud and stabilize the 
overall assembly. 

When sheathing is utilized for stability of the wall studs, the sheathing :;hall retain adequate 
strength and stiffness for the expected service life of the wall and additional bracing shall be pro­
vided as required for adequate structural integrity during construction and in the completed struc­
ture. 

The equations given are based on solid-web steel studs and are applicable within the following 
limits: 

Yield point, Fy ~ 50 ksi (345 N/mm2) 

Section depth, d ~ 6.0 in. (152 mm) 

Thickness, t ~ 0.075 in. (1.91 mm) 

Overall length, L ~ 16ft. (4877 mm) 

Stud spacing, B, not less than 12 in. (305 mm) nor greater than 24 in. (610 mm) 

Studs with perforations shall be designed using the results of stub columr. tests and/or rational 
analysis. 

D4.1 Wall Studs in Compression. For studs having identical sheathing attached to both flanges, 
and neglecting any rotational restraint provided by the sheathing, the design axial strength, <l>cPn, 
shall be calculated as follows: 

<l>c = 0.85 
Pn= AeFn(Eq.D4.1-1) 
where 

<l>c = Resistance factor for axial compression 
Ae =Effective area determined at Fn 
Fn =The lowest value determined by the following three conditions: 
(a) To prevent column buckling between fasteners in the plane of the wall, Fn shall be calculated 

according to Section C4 with KL equal to two times the distance between fasteners. 
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(b) To prevent flexural and/or torsional overall column buckling, Fn shall be calculated in accor­
dance with Section C4 with Fe taken as the smaller of the two crcR values specified for the fol­
lowing section types, where crcR is the theoretical elastic buckling stress under concentric 
loading. 

(I) Singly-symmetric channels and C-Sections 

crcR = cr ey + Qa 

crcR = [l/(2p)] [(acx + <Jto)- j(acx + <Jto) 2
- (4Pae,ato)l 

(2) Z-Sections 

(Eq. D4.l-2) 

(Eq. D4.l-3) 

crcR = crt+ Qt (Eq. D4.1-4) 

crcR = (1/2){(acx + Ocy + Q.)- J<acx + Ocy + QY- 4(<Jex<1cy + OcxQa -- <J~xy)} 

(3) !-Sections (doubly-symmetric) 

<JcR = crey + Qa 

crcR = crex 
In the above formulas: 

(Eq. D4.1-5) 

(Eq. D4.1-6) 

(Eq. D4.1-7) 

crex = n2E/(Lirx)2 (Eq. D4.1-8) 
crexy = (n2Elxy) I (AL2 ) (Eq. D4.1-9) 
crey = n2E/(Liry)2 (Eq. D4.1-10) 
crt [1/(Ar0

2)] [GJ + n2ECw/(L)2] (For SI: X 6.89 for N/mm2) (Eq. D4.1-11) 

crtQ crt+ Qt (Eq. D4.1-12) 
Q qB = Design shear rigidity for sheathing on both sides of the wall assembly 
q Design shear rigidity for sheathing per inch (mm) of stud spacing (see Table D4) 
B = Stud spacing 

Qa Q/A (Eq. D4.1-13) 
A Area of full unreduced cross section 
L = Length of stud 
Qt = (Qd2)/(4Ar0

2) (Eq. D4.1-14) 
d Depth of section 
Ixy Product of inertia 

(c) To prevent shear failure of the sheathing, a value of Fn shall be used in the folbwing equations 
so that the shear strain of the sheathing, y, does not exceed the permissible shear str1in, y. The shear 
strain, y, shall be determined as follows: 

y = (7tiL)[CJ+(Eid/2)] (Eq.D4.1-15) 
where 

C1 and E1 are the absolute values of C1 and E1 specified below for each section type: 

(1) Singly-Symmetric Channels and C-Sections 

CJ=(FnCo)/(crey -Fn+Qa) (Eq.D4.1-16) 

E 
Fn[(<Jcx - Fn)(r~Eo - XoDo) - FnX0 (D0 - X0 E0 ) 

1 (Eq. D4.1-17) 
= (Ocx - Fn)r~(<JtQ - Fn) - (FnXo)2 

(2) Z-Sections 

Fn[Co(Ocx - Fn) - Do<Jexy] 
CI----------=~~--~~~­

- (Ocy - Fn + Q.)(Oex - Fn) - <J~xy 
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Et = <Fn Eo) I (C1tQ- Fn) 
(3) !-Sections 

Ct = (Fn C0 )/ (crey- Fn + Qa) 

Et =0 
where 

CHAP. 22, DIV. X 
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(Eq.D4.1-19) 

(Eq. D4.1-20) 

x0 =distance from shear center to centroid along principal x-axis, in. (ab:;olute value) 
C0 , E0 , and D0 are initial column imperfections which shall be assumed to be at least 

C0 = L/350 in a direction parallel to the wall (Eq. D4.1-21) 
D0 = L/700 in a direction perpendicular to the wall (Eq. D4.1-22) 
E0 = Ll(d X 10,000), rad., a measure of the initial twist of the stud from 1:he 

initial, ideal, unbuckled shape (Eq.D4.1-23) 
If Fn > 0.5 F,Y, then in the definitions for C1ey. C1ex• C1exy and C1tQ• the parame:ers E and G shall be 

replaced byE and G', respectively, as defined below 

E' = 4EFn (Fy- Fn )IF/ (Eq. D4.1-24) 
G' = G (E'IE) (Eq. D4.1-25) 

Sheathing parameters q0 andy may be determined from representative full-~.cale tests, conducted 
and evaluated as described by published documented methods (see Commentary), or from the 
small-scale-test values given in Table D4. 

TABLE D4 
Sheathing Parameters(1) 

Sheathlng(2) 

3/s to 5/s in. (9.5 to 15.9 mm) thick gypsum 
Lignocellulosic board 
Fiberboard (regular or impregnated) 
Fiberboard (heavy impregnated) 

(1) The values given are subject to the following limitations: 

qo(3) kiln. 

x 175.1 for Nlmm 

2.0 
1.0 
0.6 
1.2 

All values are for sheathing on both sides of the wall assembly. 

yin./in. 

mmlmm 

0.008 
0.009 
0.007 
0.010 

All fasteners are No.6, type S-12, self-drilling drywall screws with pan or bugle head, or equiv­
alent, at 6- to 12-inch (152 mm to 305 mm) spacing. 

(2) All sheathing is 1/2-inch (13 mm) thick except as noted. 

(3) q = q0 (2- s/12) (Eq. D4.1-26) 

where s = fastener spacing, in. (mm) 
For other types of sheathing, q0 andy may be determined conservative!)' from representative 
small-specimen tests as described by published documented methods (see Commentary). 

D4.2 Wall Studs in Bending. For studs having identical sheathing attached to both flanges, and 
neglecting any rotational restraint provided by the sheathing, the design flexural strengths are 
<l>bMnxo and <l>bMnyo 
where 

<l>b = 0.95 for sections with stiffened or partially stiffened compression flanges 
= 0.90 for sections with unstiffened compression flanges 

Mnxo and Mnyo = Nominal flexural strengths about the centroidal axes determined in accor­
dance with Section C3.1, excluding the provisions of Section C3.1.2 (lateral 
buckling) 

D4.3 Wall Studs with Combined Axial Load and Bending. The required axial strength and flexu­
ral strength shall satisfy the interaction equations of Section C5 with the following redefined terms: 

2-783 



CHAP. 22, DIV. X 
2252 1994 UNIFORM BUILDING CODE 

Pn =Nominal axial strength determined according to Section D4.1 
Mnx and Mny in Equations CS-1, CS-2 and CS-3 shall be replaced by nominal flex:ural strengths, 

Mnxo and Mnyo. respectively. 

E. CONNECTIONS AND JOINTS 

E1 General Provisions. Connections shall be designed to transmit the maximum forces resulting 
from the factored loads acting on the connected member. Proper regard shall be ghen to eccentric­
ity. 

E2 Welded Connections. The following LRFD design criteria govern welded connections used 
for cold-formed steel structural members in which the thickness of the thinnest connected part is 
0.18 in. (4.6 mm) or less. For welded connections in which the thickness of the thinnest connected 
part is greater than 0.18 in. (4.6 mm), refer to the AISC's "Load and Resistance Factm Design Spec­
ification for Structural Steel Buildings." 

Except as modified herein, arc welds on steel where at least one of the connected parts is 0.18 inch 
(4.6 mm) or less in thickness shall be made in accordance with the AWS D-1.3 (Ref<!rence 3 of Sec­
tion A6) and its Commentary. Welders and welding procedures shall be qualified as specified in 
AWS Dl.3. These provisions are intended to cover the welding positions as shown in Table E2. 

Resistance welds shall be made in conformance with the procedures given in AWS Cl.l, "Rec­
ommended Practices for Resistance Welding" or AWS Cl.3, "Recommended Pmctice for Resis­
tance Welding Coated Low Carbon Steels." 

The required strength on each weld shall not exceed the design strength, <J>Pn, 

where 

<1> =Resistance factor for arc welded connections defined in Sections E2.1 through E2.5. 
Pn =Nominal strength of welds determined according to Sections E2.1 through E2.5. 

TABLE E2 

Welding Position 

Square Groove Arc Spot Arc Seam Fillet Weld, Flare-Bevel Flare-V 
Connection Butt Weld Weld Weld Lap orT Groove Groove Weld 

F - F F F F 
Sheet to H - H H H H 
Sheet v - - v v v 

OH - - OH OH OH 

Sheet to - F F F F -
Supporting - - - H H -

Member - - - v v -
- - - OH OH -

(F = flat, H = horizontal, V = vertical, OH = overhead) 

E2.1 Groove Welds in Butt Joints. The design strength, <l>Pn, of a groove weld in a butt joint, 
welded from one or both sides, shall be determined as follows: 

(a) Tension or compression normal to the effective area or parallel to the axis of the weld 
<1> 0.90 

Pn = LteFy 
(b)Shear on the effective area 

<1> = 0.80 
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Pn 
where 

<1> = Resistance factor for welded connections 
Pn = Nominal strength of a groove weld 

Fxx = Strength level designation in A WS electrode classification 
Fy = Specified minimum yield point of the lower strength base steel 
L = Length of weld 
te = Effective throat dimension for groove weld 

CHAP. 22, DIV. X 
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(Eq. E2.1-3) 

E2.2 Arc Spot Welds. Arc spot welds permitted by this Specification are for welding sheet steel to 
thicker supporting members in the flat position. Arc spot welds (puddle welds) shall not be made on 
steel where the thinnest connected part is over 0.15 inch (3.8 mm) thick, nor through a combination 
of steel sheets having a total thickness over 0.15 inch (3.8 mm). 

Weld washers, Figures E2.2(A) and E2.2(B), shall be used when the thickness of the sheet is less 
than 0.028 inch (0.71 mm). Weld washers shall have a thickness between 0.05 and 0.08 inch (1.3 
mm and 2.0 mm) with a minimum prepunched hole of 3/g-inch (9.5 mm) diameter. 

Arc Spot Weld 

Figure E2.2A Typical Weld Washer 

Washer 
Optional Lug , ' 

~
,' , , , , , , , , , , 

Figure E2.2B Arc Spot Weld Using Washer 
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Arc spot welds shall be specified by minimum effective diameter of fused area, de. Minimum 
allowable effective diameter is 3tg inch (9.5 mm). 

The design shear strength, <I>Pn. of each arc spot weld between sheet or sheets and supporting 
member shall be determined by using the smaller of either 

(a) <1> = 0.60 
Pn = 0.589 de2 Fxx ; or (Eq. E2.2-l) 

(b) For(daft)::;;; 0.815j(E/Fu): 

<I> =0.60 
Pn = 2.20 t da Fu 

For 0.815 j(E/Fu) <(daft)< 1.397 j(E/Fu): 

<I> =0.50 

Pn = 0.280 [l + 5.59 j(E/FuY(da/t)]tdaFu 

For (daft) ~ 1.397 j(E/Fu): 

<I> =0.50 
Pn = 1.40 t da Fu 

where 

<1> Resistance factor for welded connections 
Pn Nominal shear strength of an arc spot weld 
d Visible diameter of outer surface of arc spot weld 

(Eq. E2.2-2) 

(Eq. E2.2-3) 

(Eq. E2.2-4) 

da Average diameter of the arc spot weld at mid-thickness oft where da = (d- t) for a single 
sheet, and (d- 2t) for multiple sheets (not more than four lapped sheets over a supporting 
member) 
Effective diameter of fused area 
0.7d- l.5t but s 0.55d (Eq. E2.2-5) 
Total combined base steel thickness (exclusive of coatings) of sheets involved in shear 
transfer 

Fxx = Stress level designation in A WS electrode classification 
Fu = Tensile strength as specified in Section A3.1 or A3.2 or as reduced for low ductility steel. 
Note: See Figures E2.2(C) and E2.2(D) for diameter definitions 
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da=d-t 

de= 0.7d- 1.5t::;; 0.55d 

(C) Arc Spot Weld-Single Thickness of Sheet 

da=d-2t 

de= 0.7d- 1.5t::;; 0.55d 

emin = Pui(<!>Fut) 
where 

(D) Arc Spot Weld-Double Thickness of Sheet 

Figure E2.2 C, 0 Arc Spot Welds 

<1> Resistance factor for welded connections 
0.70 when Fu!Fsy ;:::: 1.15 

= 0.60 when Fu!Fsy < 1.15 
Pu Required strength transmitted by weld 
t = Thickness of thinnest connected sheet 
Fsy = Yield point as specified in Sections A3.1 or A3.2 

Note: See Figures E2.2(E) and E2.2(F) for edge distances of arc welds. 
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(Eq. E2.2-6) 

In addition, the distance from the centerline of any weld to the end or boundary of 
the connected member shall not be less than 1.5d. In no case shall the clear distance 
between welds and the end of member be less than l.Od. 
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(E) Single Sheet 

(F) Double Sheet 

Figure E2.2 E, F Edge Distances for Arc Spot Welds 

The design tensile strength, cpP0 , on each arc spot weld between sheet and sup~ orting member, 
shall be determined as follows: 

<1> = 0.65 
Pn = 0.7tdaFu 

The following additional limitations for use in Eq. 2.2-7 shall apply: 

emin ~ 

Fxx ~ 60 ksi (414 N/mm2) 

Fu $ 60 ksi (414 N/mm2) 

t ~ 0.028 in. (0.71 mm) 
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If it can be shown by measurement that a given weld procedure will consistently give a larger 
effective diameter, de, or average diameter, da, as applicable, this larger diameter may be used pro­
viding the particular welding procedure used for making those welds is follcwed. 

E2.3 Arc Seam Welds. Arc seam welds [Figure E2.3(A}] covered by this Specification apply only 
to the following joints: 

(a) Sheet to thicker supporting member in the flat position. 

(b) Sheet to sheet in the horizontal or flat position. 

The design shear strength, <I>Pn. of arc seam welds shall be determined by usin~; the smaller of either 

(a)<!> = 0.60 

Pn 

(b)<i> 

Pn 

where 

(nde214 + Ld3)(0.75Fxx); or 

0.60 

2.5 tFu(0.25L + 0.96 da) 

<1> Resistance factor for welded connections 

Pn = Nominal shear strength of an arc seam weld 

d = Width of arc seam weld 

L Length of seam weld not including the circular ends 

(For computation purposes, L shall not exceed 3d) 

da = Average width of seam weld 

where 

da = (d- t) for a single sheet, and 

(d- 2t) for a double sheet 

de = Effective width of arc seam weld at fused surfaces 

de = 0.7d- l.5t 

(Eq. E2.3-l) 

(Eq. E2.3-2) 

(Eq. E2.3-3) 

(Eq. E2.3-4) 

(Eq. E2.3-5) 

and Fu and Fxx are defined in Section E2.2. The minimum edge distance shall be as determined for 
the arc spot weld, Section E2.2. See Figure E2.3(B). 

jd Lwidth 
Figure E2.3A Arc Seam Welds- Sheet to Supporting Member in: Flat Position 
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Figure E2.3B Edge Distances for Arc Seam Welds 

E2.4 Fillet Welds. Fillet welds covered by this Specification apply to the welding of joints in any 
position, either 

(a) Sheet to sheet, or 

(b) Sheet to thicker steel member. 

The design shear strength, <I>Pn. of a fillet weld shall be determined as follows: 

(a) For longitudinal loading: 

For Lit< 25: 

<I> =0.60 
Pn =0.75twLFxx 

For Lit~ 25: 

<I> =0.55 
Pn =0.75 tLFu 

(b) For transverse loading: 

<I> =0.60 
Pn =tLFu 

where t =Least value of t1 or tz, Figure E2.4 

(Eq. E2.4-l) 

(Eq. E2.4-2) 

(Eq. E2.4-3) 

In addition, fort> 0.150 inch (3.8 mm) the design strength determined above shall not exceed the 
following value of <I>Pn: 

<I> =0.60 
(Eq. E2.4-4) 

where 

<1> Resistance factor for welded connections 
Pn Nominal strength of a fillet weld 
L Length of fillet weld 
tw = Effective throat= 0.707 WJ or 0.707 wz, whichever is smaller. A larger effective throat 

may be taken if it can be shown by measurement that a given welding procedure will 
consistently give a larger value providing the particular welding procedure used for 
making the welds that are measured is followed. 
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WJ and wz =leg on weld (see Figure E2.4). 
Fu and Fxx are defined in Section E2.2. 

(A) Lap Joint (B) T·Joint 

Figure E2.4 Fillet Welds 
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E2.5 Flare Groove Welds. Flare groove welds covered by this Specification apply to welding of 
joints in any position, either: 
(a) Sheet to sheet for flare-V groove welds, or 
(b) Sheet to sheet for flare-bevel groove welds, or 
(c) Sheet to thicker steel member for flare-bevel groove welds. 

The design shear strength, IJ>Pn, of a flare groove weld shall be determined as follows: 
(a) For flare-bevel groove welds, transverse loading [see Figure E2.5(A)]: 

q, 0.55 
Pn = 0.833tLFu (Eq. E2.5-I) 

Figure E2.5A Flare-Bevel Groove Weld 

(b) For flare groove welds, longitudinal loading [see Figures E2.5(B), E2.5(C), and E2.5(D)]: 

(I) For t ~ tw < 2t or if the lip height is less than weld length, L: 

q, = 0.55 
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Pn = 0.75tLFu 
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(Eq. E2.5-2) 

(2) For tw 2: 2 t and the lip height is equal to or greater than L: 

<1> =0.55 
Pn = 1.50tLFu (Eq. E2.5-3) 

In addition, if t > 0.15 inch, the design strength determined above shall not excef:d the following 
value of <J>Pn: 

<1> = 0.60 
(Eq. E2.5-4) 

(B) Flare Bevel Groove 

p 

(C) Flare V-Groove 

(D) Throat 

Figure E2.5 B, C, D Shear in Flare Groove Welds 
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E2.6 Resistance Welds. The design shear strength, IJ>Pn. of spot welding shall be determined as 
follows: 

11> 0.65 
Pn Tabulated value given in Table E2.6 

TABLE E2.6 
Nominal Shear Strength of Spot Welding 

Thickness of Nominal Shear Thickness of Nominal Shear 
Thinnest Outside Strength per Thinnest Outside Strength per 

Sheet, ln. Spot, kips Sheet, ln. Spot, kips 

x 25.4formm x 4448 for N x 25.4formm x 4448 for N 

0.010 0.13 0.080 3.33 
0.020 0.48 0.090 4.00 
0.030 1.00 0.100 4.99 
0.040 1.42 0.110 6.07 
0.050 1.65 0.125 7.29 
0.060 2.28 0.190 10.16 
0.070 2.83 0.250 15.00 

E3 Bolted Connections. The following LRFD design criteria govern bolted connections used for 
cold-formed steel structural members in which the thickness of the thinnest connected part is less 
than 3/16 inch (4.8 mm). For bolted connections in which the thickness of the thinnest connected 
part is equal to or greater than 3t16 inch (4.8 mm), refer to AISC's "Load and Resistance Factor De­
sign Specification for Structural Steel Buildings," September 1, 1986. 

Bolts, nuts, and washers shall generally conform to one of the following specifications: 

ASTM Al94 Carbon and Alloy Steel Nuts for Bolts for High-Pressure and High-Temperature Ser­
vice 

ASTM A307(Type A), Carbon Steel Externally and Internally Threaded Standard Fasteners 

ASTM A325 High Strength Bolts for Structural Steel Joints 

ASTM A354 (Grade BD), Quenched and Tempered Alloy Steel Bolts, Studs,and Other Externally 
Threaded Fasteners (for diameter of bolt smaller than 1/2 inch) 

ASTM A449 Quenched and Tempered Steel Bolts and Studs (for diameter or bolt smaller than 'h 
inch) 

ASTM A490 Quenched and Tempered Alloy Steel Bolts for Structural Steel Joints 

ASTM A563 Carbon and Alloy Steel Nuts 

ASTM F436 Hardened Steel Washers 

ASTM F844 Washers, Steel, Plain (Flat), Unhardened for General Use 

ASTM F959 Compressible Washer-Type Direct Tension Indicators for Use with Structural Fasten­
ers 

When other than the above are used, drawings shall indicate clearly the type and size of fasteners 
to be employed and the nominal strength assumed in design. 

Bolts shall be installed and tightened to achieve satisfactory performance of the connections in­
volved under usual service conditions. 

The holes for bolts shall not exceed the sizes specified in Table E3, except that larger holes may 
be used in column base details or structural systems connected to concrete walls. 
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TABLE E3 
Maximum Size of Bolt Holes, Inches 

Nominal Standard Overalzed Short·Siotted Lon~·Siotted 
Bolt Hole Hole Hole lola 

Dlameter,d Dlametar, dh Diameter, dh Dlmenslona Dlmotnalona 
ln. ln. ln. ln. ln. 

x 25.4formm 

< lh 
2 1/z 

d + 11J2 
d + 1/16 

d + 1fl6 
d + Ifs 

(d + 1/32) by (d + 1/4) 
(d + 1/16) by (d + 1/4) 

(d + 11]2) by (2- 1/2d) 
(d + 1/16) by (2- 1/2d) 

Standard holes shall be used in bolted connections, except that oversized and slotted holes may be 
used as approved by the designer. The length of slotted holes shall be normal to the direction of the 
shear load. Washers or backup plates shall be installed over oversized or short-slctted holes in an 
outer ply unless suitable performance is demonstrated by load tests in accordance with Section F. 

E3.1 Spacing and Edge Distance. The design shear strength, <j>P0 , of the connected part along two 
parallel lines in the direction of applied force shall be determined as follows: 

P0 = tefu 
(a) When fulfsy ~ 1.15: 

<I> = 0.70 
(b) When fulfsy < 1.15: 

<I> = 0.60 
where 

<1> Resistance factor 
P0 = Nominal resistance per bolt 

(Eq. E3.1-1) 

e The distance measured in the line of force from the center of a standard hole to the near­
est edge of an adjacent hole or to the end of the connected part 
Thickness of thinnest connected part 

fu Tensile strength of the connected part as specified in Section A3.1 or A3.2 or as reduced 
for low-ductility steel 

fsy = Yield point of the connected part as specified in Section A3.1 or A3.2 cr as reduced for 
low-ductility steel 

In addition, the minimum distance between centers of bolt holes shall provide mfficient clear­
ance for bolt heads, nuts, washers and the wrench but shall not be less than 3 times ':he nominal bolt 
diameter, d. Also, the distance from the center of any standard hole to the end or other boundary of 
the connecting member shall not be less than 11/z d. 

For oversized and slotted holes, the distance between edges of two adjacent holes and the dis­
tance measured from the edge of the hole to the end or other boundary of the conne~:ting member in 
the line of stress shall not be less than the value of e- (dh/2), in which e is the wquired distance 
computed from the applicable equation given above, and dh is the diameter of a slandard hole de­
fined in Table E3. In no case shall the clear distance between edges of two adjacent t oles be less than 
2d and the distance between the edge of the hole and the end of the member be less than d. 

E3.2 Tension in Connected Part. The design tensile strength, <\>P0 , on the net section of the con­
nected part shall be determined as follows: 
(a) Washers are provided under both the bolt head and the nut 

P0 = (1.0-0.9r+3rd/s)FuAn:5FuAn (Eq.E3.2-1) 
<1> = 0.65 for double shear connection 
<1> = 0.55 for single shear connection 

(b) Either washers are not provided under the bolt head and nut, or only one wa:;her is provided 
under either the bolt head or nut 

<I> = 0.65 
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Pn = (1.0- r + 2.5rd/s) FuAn :5 FuAn 
In addition, the design tensile strength shall not exceed the following values: 

<1> = 0.95 

Pn = FyAn 
where 

An = Net area of the connected part 

CHAP. 22, DIV. X 
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(Eq. E3.2-2) 

(Eq. E3.2-3) 

r Force transmitted by the bolt or bolts at the section considered, divided by the tension 
force in the member at that section. If r is less than 0.2, it may be taken equal to zero. 

s Spacing of bolts perpendicular to line of stress. 
In the case of a single bolt, s = Width of sheet 

Fu = Tensile strength of the connected part as specified in Section A3.1 or A3.2 or as reduced 
for low-ductility steel 

Fy Yield point of the connected part 

d and t are defined in Section E3.1 
E3.3 Bearing. The design bearing strength, <J>Pn, shall be determined by the values of <1> and Pn 

given in Tables E3.3-l and E3.3-2 for the applicable thickness and Fu!Fsy ratio of the connected part 
and the type of joint used in the connection. 

In Tables E3.3-l and E3.3-2, the symbols <j>, Pn, d, Fu and t were previously defined. For condi­
tions not shown, the design bearing strength of bolted connections shall be determined by tests. 

Thickness of 
Connected Part ln. 

( x 25.4 for mm) 

~ 0.024 
but 

< 3/16 

~ 3/16 

Thickness of 
Connected Part ln. 

( x 25.4 for mm) 

~0.036 
but 

< 3/16 

~ 3/!6 

TABLE E3.3-1 
Nominal Bearing Strength for Bolted Connections 

with Washers Under Bolt Head and Nut 

cfo~~c~:J0P~rt Resistance 
Type of Joint Factor$ 

Inside sheet of ~ 1.15 0.55 
double shear 
connection < 1.15 0.65 

Single shear and 
outside sheets of No limit 0.60 double shear 

connection 

See AISC LRFD Specification 

TABLE E3.3-2 
Nominal Bearing Strength for Bolted Connections 

without Washers Under Bolt Head and Nut, 
or with Only One Washer 

F,JF8 y ratio of Resistance 
Type of Joint Connected Part Factor$ 

Inside sheet of 
double shear ~ 1.15 0.70 
connection 

Single shear and 
outside sheets of 

~ 1.15 0.65 double shear 
connection 

See AISC LRFD Specification 

Nominal 
Resistance 

Pn 

3.33Fudt 

3.00Fudt 

3.00Fudt 

Nominal 
Resistance 

Pn 

3.00Fudt 

2.22Fudt 
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E3.4 Shear and Tension in Bolts. The required bolt strength in shear or tension shall not exceed 
the design strength, q>Pn, determined as follows: 

q> = Resistance factor given in Table E3.4-l 

Pn = AbFn 
where 

Ab = Gross cross-sectional area of bolt 
Fn is given by Fnv or Fn1 in Table E3.4-l. 

(Eq. E3.4-1) 

The pullover strength of the connected sheet at the bolt head, nut or washer should be considered 
where bolt tension is involved, see Section E5.2. 
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TABLE E3.4-1 
Nominal Tensile and Shear Strengths for Bolts 

Tensile Strength Shear Strength 1 

Description of Bolts Resistance Factor $ Nominal Stress Fnt Resistance Factor $ Nominal Stress Fnv 

x 25.4 for mrn x 6.89 for Nlmm2 x 6.89 for Nlmm2 

A307 Bolts, Grade A 
(1/4 in. 5. d < 1/2 in.) 

0.75 40.5 0.65 24.0 

A307 Bolts, Grade A 45.0 27.0 
(d ~ 1/2 in.) 

A325 Bolts, when threads are not 90.0 54.0 
excluded from shear planes 

A325 Bolts, when threads are 90.0 72.0 
excluded from shear planes 

A354 Grade B Bolts (1/4 in. 5. d < lf2 in.), when 101.0 59.0 
threads are not excluded from shear planes 

A354 Grade B Bolts (1/4 in. 5. d < 1/2 in.), when 101.0 90.0 
threads are excluded from shear planes 

A449 Bolts (1/4 in. 5. d < 1/2 in.), when 81.0 47.0 
threads are not excluded from shear planes 

A449 Bolts (1/4 in. 5. d < 1/2 in.), when 81.0 72.0 
threads are excluded from shear planes 

A490 Bolts, when threads are not 112.5 67.5 
excluded from shear planes 

A490 Bolts, when threads are 112.5 90.0 
excluded from shear planes 

1 Applies to bolts in holes as limited by Table E3. Washers or back-up plates shall be installed over long-slotted holes and the capacity of connections using 
long-slotted holes shall be determined by load tests in accordance with Section F. 

.... 
ID 
ID 
~ 

c: z 
:;; 
0 
::u 
3: 
Ill 
c: 
r= 
0 z 
C) 

0 
0 
0 
m 

0 
:::1: 
)> 
:0 

~ 
...,!2 
~:< 
...,)( 



CHAP. 22, DIV. X 
2252 1994 UNIFORM BIJILDING CODE 

When bolts are subject to a combination of shear and tension produced by facrored loads, the 
required tension strength shall not exceed the design strength, <Wn. based on <1> == 0.75 and Pn = 
AbF' nt> where F' m is given in Table E3.4-2, in which fv is the shear stress produced by the same 
factored loads. The required shear strength shall not exceed the design shear strength, <!>AbFnv• de­
termined in accordance with Table E3.4-l. 

TABLE E3.4-2 
Nominal Tension Stress, F' nt. for Bolts 

Subject to the Combination of Shear and Tension 

Threads Not Excluded Threads Excluded from 
Description of Bolts from Shear Planes Shear Planes 

x 25.4formm x 6.89 for N/mm2 

A325 Bolts 113-2.4fv ~ 90 113-1.9fv ~SO 
A354 Grade BD Bolts 127-2.4fv ~ 101 127-1.9fv ~ 101 

A449 Bolts IOI-2.4fv ~ 81 IOI-1.9fv ~ f;J 
A490 Bolts 141-2.4fv ~ 112.5 141-1.9fv ~ 112.5 

A307 Bolts, Grade A 47-2.4fv ~ 40.5 
when 1/4 in.~ d < 1/2 in. 52-2.4fv ~ 45 
when d ~ 1/2 in. 

E4 Shear Rupture. At beam-end connections, where one or more flanges are coped and failure 
might occur along a plane through the fasteners, the required shear strength shal, not exceed the 
design shear strength, <1> V n . 

where 
<I> = 0.75 
V n = 0.6 FuAwn 
Awn = ( dwc - ndh)t 
dwc= Coped web depth 
n Number of holes in the critical plane 
dh Hole diameter 

(£q.E4-l) 
(Eq. E4-2) 

Fu Tensile strength as specified in Section A3.1 or A3.2 or as reduced for low-ductility steel 
t Thickness of coped web 

E5 Connections to Other Materials. E5.1 Bearing. Proper provisions shall be made to transfer 
bearing forces resulting from axial loads and moments from steel components covered by the Spec­
ification to adjacent structural components made of other materials. The required bearing strength 
in the contact area shall not exceed the design strength, <l>cP p· 

In the absence of code regulations, the design bearing strength on concrete may be taken as <l>cPp: 

On the full area of a concrete support ................................. Pp = 0.85f 'c A, 

On less than the full area of a concrete support .................... Pp=0.85f 'cAl jA2/A 1 

where 

<l>c = 0.60 
f' c = Specified compression strength of concrete 
A 1 = Bearing area 
Az = Full cross-sectional area of concrete support 

The value of j A2/ A 1 shall not exceed 2. 
E5.2 Tension. The pull-over shear/tension forces in the steel sheet around the head of the fastener 

should be considered as well as the pull-out force resulting from factored axial loads and bending 
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moments transmitted onto the fastener from various adjacent structural components in the assem­
bly. 

The nominal tensile strength of the fastener and the nominal imbedment str·~ngth of the adjacent 
structural component shall be determined by applicable product code approvals, or product specifi­
cations and/or product literature. 

E5.3 Shear. Proper provisions shall be made to transfer shearing forces from steel components 
covered by this Specification to adjacent structural components made of other materials. The re­
quired shear and/or bearing strength on the steel components shall not exceed that allowed by this 
Specification. The design shear strength on the fasteners and other material shall not be exceeded. 
Imbedment requirements are to be met. Proper provision shall also be made for shearing forces in 
combination with other forces. 

F. TESTS FOR SPECIAL CASES 

(a) Tests shall be made by an independent testing laboratory or by a testing laboratory of a man­
ufacturer. 

(b) The provisions of Chapter F do not apply to cold-formed steel diaphragms. 

F1 Tests for Determining Structural Performance. Where the composition or configuration of 
elements, assemblies, connections, or details of cold-formed steel structural members are such that 
calculation of their load-carrying capacity or deflection cannot be made in acc:>rdance with the pro­
visions of this Specification, their structural performance shall be established from tests and eva­
luated in accordance with the following procedure. 

(a) Where practicable, evaluation of the test results shall be made on the ba~;is of the average val­
ue of test data resulting from tests of not fewer than four identical specimens, provided the deviation 
of any individual test result from the average value obtained from all tests does not exceed ± 10 
percent. If such deviation from the average value exceeds 10 percent, at least three more tests of the 
same kind shall be made. The average value of all tests made shall then be regarded as the predicted 
capacity, Rp, for the series of the tests. The mean value and the coefficient of variation of the 
tested-to-predicted load ratios for all tests, P m and V P• shall be determined for statistical analysis. 

(b) The load-carrying capacity of the tested elements, assemblies, connections, or members shall 
satisfy Eq. F1-l. 

cpRp 2': I.yiQi (Eq. F1-l) 

where 
I.yjQj = 

Rp 

<I> = 

Mm = 
Fm = 

Pm = 

~0 

Required resistance based on the most critical load combination determined in accor­
dance with Section A5.1.4. Yi and Qi are load factors and load dfects, respectively. 
Average value of all test results 
Resistance factor 

(Eq. F1-2) 

For beams having tension flange through-fastened to deck or sheathing and with com­
pression flange laterally unbraced, <1> shall be determined with a coefficient of 1.6 in 
lieu of 1.5, ~0 = 1.5, and V Q = 0.43. 
Mean value of the material factor listed in Table Fl for the type of component involved 
Mean value of the fabrication factor listed in Table Fl for the t;rpe of component in­
volved 
Mean value of the tested-to-predicted load ratios determined in Section Fl(a) 
Target reliability index 
2.5 for structural members and 3.5 for connections 
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VM = Coefficient of variation of the material factor listed in Table Fl for the type of compo-
nent involved 

VF Coefficient of variation of the fabrication factor listed in Table F1 for the type of com-
ponent involved 

Cp Correction factor 

(n- 1)/(n- 3) (Eq. F1-3) 

Vp Coefficient of variation of the tested-to-predicted load ratios determined in Section 
F1(a) 

n Number of tests 

VQ Coefficient of variation of the load effect 

0.21 

TABLE F1 
Statistical Data for the Determination of Resistance Factor 

Type of Component Mm VM Fm \'F 

Transverse Stiffeners 1.10 0.10 1.00 O.:l5 
Shear Stiffeners 1.00 0.06 1.00 O.:l5 
Tension Members 1.10 0.10 1.00 0.05 
Flexural Members 

Bending Strength 1.10 0.10 1.00 0.05 
Lateral Buckling Strength 1.00 0.06 1.00 0.05 
One Flange Through-Fastened to Deck or Sheathing 1.10 0.10 1.00 0.05 
Shear Strength 1.10 0.10 1.00 0.05 
Combined Bending and Shear 1.10 0.10 1.00 0.05 
Web Crippling Strength 1.10 0.10 1.00 0.05 
Combined Bending and Web Crippling 1.10 0.10 1.00 0.05 

Concentrically Loaded Compression Members 1.10 0.10 1.00 0.05 
Combined Axial Load and Bending 1.05 0.10 1.00 0.05 
Cylindrical Tubular Members 

Bending Strength 1.10 0.10 1.00 0.05 
Axial Compression 1.10 0.10 1.00 0.05 

Wall Studs and Wall Stud Assemblies 
Wall Studs in Compression 1.10 0.10 1.00 0.05 
Wall Studs in Bending 1.10 0.10 1.00 0.05 
Wall Studs with Combined Axial Load and Bending 1.05 0.10 1.00 0.05 

Welded Connections 
Arc Spot Welds 

Shear Strength of Welds 1.10 0.10 1.00 0.10 
Plate Failure 1.10 0.08 1.00 0.15 

Arc Seam Welds 
Shear Strength of Welds 1.10 0.10 1.00 0.10 
Plate Tearing 1.10 0.10 1.00 0.10 

Fillet Welds 
Shear Strength of Welds 1.10 0.10 1.00 010 
Plate Failure 1.10 0.08 1.00 015 

Flare Groove Welds 
Shear Strength of Welds 1.10 0.10 1.00 0.10 
Plate Failure 1.10 0.10 1.00 0.10 

Resistance Welds 1.10 0.10 1.00 010 
Bolted Connections 

Minimum Spacing and Edge Distance 1.10 0.08 1.00 005 
Tension Strength on Net Section 1.10 0.08 1.00 005 
Bearing Strength 1.10 0.08 1.00 005 

n number of tests. 
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V Q = coefficient of variation of the load effect. 
= 0.21 
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The listing in Table F1 does not exclude the use of other documented stati >tical data if they are 
established from sufficient results on material properties and fabrication. 

For steels not listed in Section A3.1, the values of Mm and VM shall be determined by the statisti­
cal analysis for the materials used. 

When distortions interfere with the proper functioning of the specimen in actual use, the load 
effects based on the critical load combination at the occurrence of the acceptable distortion shall 
also satisfy Eq. F1-1, except that the resistance factor <1> is taken as unity and that the load factor for 
dead load may be taken as 1.0. 

(c) If the yield point of the steel from which the tested sections are formed is larger than the speci­
fied value, the test results shall be adjusted down to the specified minimum y1eld point of the steel 
which the manufacturer intends to use. The test results shall not be adjusted upward if the yield point 
of the test specimen is less than the minimum specified yield point. Similar adjustments shall be 
made on the basis of tensile strength instead of yield point where tensile strength is the critical fac­
tor. 

Consideration must also be given to any variation or differences which may exist between the 
design thickness and the thickness of the specimens used in the tests. 

F2 Tests for Confirming Structural Performance. For structural members, connections, and as­
semblies whose capacities can be computed according to this Specification or its specific refer­
ences, confirmatory tests may be made to demonstrate the load-carrying capacity not less than the 
nominal resistance, Rn, specified in this Specification or its specific references for the type of be­
havior involved. 

F3 Tests for Determining Mechanical Properties. F3.1 Full Section. Tests for determination of 
mechanical properties of full sections to be used in Section A5.2.2 shall be made as specified below: 

(a) Tensile testing procedures shall agree with Standard Methods and Definitions for Mechanical 
Testing of Steel Products, ASTM A370. Compressive yield point determinations shall be made by 
means of compression tests of short specimens of the section. 

(b) The compressive yield stress shall be taken as the smaller value of either the maximum com­
pressive strength of the sections divided by the cross section area or the stress defined by one of the 
following methods: 

(1) For sharp yielding steel, the yield point shall be determined by the autographic diagram 
method or by the total strain under load method. 

(2)For gradual yielding steel, the yield point shall be determined by the strain under load method 
or by the 0.2 percent offset method. 

When the total strain under load method is used, there shall be evidence that the yield 
point so determined agrees within 5 percent with the yield point which would be determined 
by the 0.2 percent offset method 

(c) Where the principal effect of the loading to which the member will be subjected in service will 
be to produce bending stresses, the yield point shall be determined for the flanges only. In determin­
ing such yield points, each specimen shall consist of one complete flange plu:; a portion of the web 
of such flat width ratio that the value of p for the specimen is unity. 

(d) For acceptance and control purposes, two full section tests shall be mad~ from each lot of not 
more than 50 tons (45 360 kg) nor less than 30 tons (27 216 kg) of each section, or one test from each 
lot of less than 30 tons (27 216 kg) of each section. For this purpose a lot may be defined as that 
tonnage of one section that is formed in a single production run of material from one heat. 

(e) At the option of the manufacturer, either tension or compression tests may be used for routine 
acceptance and control purposes, provided the manufacturer demonstrates that such tests reliably 
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indicate the yield point of the section when subjected to the kind of stress under which the member 
is to be used. 

F3.2 Flat Elements of Formed Sections. Tests for determining mechanical properties of flat ele­
ments of formed sections and representative mechanical properties of virgin steel tc, be used in Sec­
tion AS.2.2 shall be made in accordance with the following provisions: 

The yield point of flats, Fyf• shall be established by means of a weighted average of the yield 
points of standard tensile coupons taken longitudinally from the flat portions of a representative 
cold-formed member. The weighted average shall be the sum of the products of the average yield 
point for each flat portion times its cross sectional area, divided by the total area of Jlats in the cross 
section. The exact number of such coupons will depend on the shape of the member, i.e., on the 
number of flats in the cross section. At least one tensile coupon shall be taken from the middle of 
each flat. If the actual virgin yield point exceeds the specified minimum yield poin1, the yield point 
of the flats, Fyf· shall be adjusted by multiplying the test values by the ratio of the specified mini­
mum yield point to the actual virgin yield point. 

F3.3 Virgin Steel 
The following provisions apply to steel produced to other than the ASTM Specifications listed in 

Section A3.1 when used in sections for which the increased yield point of the steel after cold form­
ing shall be computed from the virgin steel properties according to Section AS.2.2. For acceptance 
and control purposes, at least four tensile specimens shall be taken from each lot as defined in Sec­
tion F3.1 (d) for the establishment of the representative values of the virgin tensile yield point and 
ultimate strength. Specimens shall be taken longitudinally from the quarter points cf the width near 
the outer end of the coil. 
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SECTION 2301 - SCOPE 

Chapter 23 

WOOD 

Division I-GENERAL 

CHAP. 23, DIV. I 
2301-2302.1 

The quality and design of wood members and their fastenings shall conform to the provisions of this 
chapter. 

SECTION 2302 - DEFINITIONS AND SYMBOLS 

2302.1 Definitions. The following terms used in this chapter shall have the meanings indicated in 
this section: 

AFPA is the American Forest and Paper Association, 1111 19th Street, N.W., Suite 800, Wash­
ington, D.C. 20036 (formerly NFoPA, National Forest Products Association). 

AHA is the American Hardboard Association, Inc., 1210 W. Northwest Highway, Palatine, Illi­
nois 60067. 

AITC is the American Institute of Timber Construction, 7012 S. Revere Pa·kway, Suite 140, En­
glewood, Colorado 80112. 

APA is the American Plywood Association, 7011 South 19th Street, Tacoma, Washington 98411. 

AWPA is the American Wood Preservers Association, Post Office Box 286, Woodstock, Mary­
land 21163-0286. 

BLOCKED DIAPHRAGM is a diaphragm in which all sheathing edges not occurring on fram- • 
ing members are supported on and connected to blocking. 

BRACED WALL LINE is a series of braced wall panels in a single story which meets the 
requirements of Section 2326.11.3. 

BRACED WALL PANEL is a section of wall braced in accordance witt Section 2326.11.3. 

CONVENTIONAL LIGHT-FRAME CONSTRUCTION is a type of construction whose pri­
mary structural elements are formed by a system of repetitive wood-framing members. Refer to 
Section 2326 for conventional light-frame construction provisions. 

DIAPHRAGM is a horizontal or nearly horizontal system acting to transmit lateral forces to the 
vertical resisting elements. When the term "diaphragm" is used, it includes horizontal bracing sys­
tems. 

FIBERBOARD is a fibrous-felted, homogeneous panel made from lignocellulosic fibers (usu­
ally wood or cane) and having a density of less than 31 pounds per cubic foot (497 kgfm3) but more 
than 10 pounds per cubic foot (160 kg/m3). 

GLUED BUILT-UP MEMBERS are structural elements, the sections of which are composed 
of built-up lumber, wood structural panels or wood structural panels in combination with lumber, I 
all parts bonded together with adhesives. 

GRADE (Lumber), the classification of lumber in regard to strength and utility in accordance 
with the grading rules of an approved lumber grading agency. 

HARDBOARD is a fibrous-felted, homogeneous panel made from lignocellulosic fibers con­
solidated under heat and pressure in a hot press to a density not less than 31 pounds per cubic foot 
(497 kgfm3). 

NELMA is the Northeastern Lumber Manufacturers Association, 4 Fundy Road, Falmouth, 
Maine 04105. 
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NHPMA is the Northern Hardwood and Pine Manufacturers Association (serviced by NELMA), 
4 Fundy Road, Falmouth, Maine 04105. 

NLGA is the National Lumber Grades Authority, Post Office Box 97, Granges, B.C., Canada 
VOS lEO. 

NOMINAL SIZE (Lumber), the commercial size designation of width and depth, in standard 
sawn lumber and glued-laminated lumber grades; somewhat larger than the standard net size of 
dressed lumber, in accordance with U.B.C. Standard 23-1 for sawn lumber. 

NORMAL LOADING, a design load that stresses a member or fastening to the full allowable 
stress tabulated in this chapter. This loading may be applied for approximately 10 years, either con­
tinuously or cumulatively, and 90 percent of this load may be applied for the remainder of the life of 
the member or fastening. 

PARTICLEBOARD is a manufactured panel product consisting of particles of wood or combi­
nations of wood particles and wood fibers bonded together with synthetic resins or other suitable 
bonding system by a bonding process in accordance with U.B.C. Standard 23-4. 

I PLYWOOD is a panel of laminated veneers conforming to U.B.C. Standard 23-2 or 23-3. 

RIS is the Redwood Inspection Service, 591 Redwood Highway, Suite 3100, Mill Valley, Cali-
fornia 94941. 

ROTATION is the torsional movement of a diaphragm about a vertical axis. 

SPIB is the Southern Pine Inspection Bureau, 4709 Scenic Highway, Pensacola, Florida 32504. 

STRUCTURAL GLUED-LAMINATED TIMBER is any member comprising an assembly of 
laminations of lumber in which the grain of all laminations is approximately parallel longitudinally, 
in which the laminations are bonded with adhesives. 

I SUBDIAPHRAGM is a portion of a larger wood diaphragm designed to anchor and transfer lo­
cal forces to primary diaphragm struts and the main diaphragm. 

I 

TREATED WOOD is wood treated with an approved preservative under treating and quality 
control procedures. 

WCLIB is the West Coast Lumber Inspection Bureau, 6980 S.W. Varnes Road, Post Office Box 
23145, Portland, Oregon 97223. 

WOOD OF NATURAL RESISTANCE TO DECAY OR TERMITES is the heartwood of the 
species set forth below. Comer sapwood is permitted on 5 percent of the pieces pro·rided 90 percent 
or more of the width of each side on which it occurs is heartwood. Recognized species are: 

Decay resistant: Redwood, Cedars, Black Locust 
Termite resistant: Redwood, Eastern Red Cedar 

WOOD STRUCTURAL PANEL is a structural panel product composed primarily of wood and 
meeting the requirements of U.B.C. Standard 23-2 or 23-3. Wood structural panels include all­
veneer plywood, composite panels containing a combination of veneer and wood-based material, 
and malformed panels such as oriented strand board and waferboard. 

WWPA is the Western Wood Products Association, 1500 Yeon Building, Portland, Oregon 
97204. 

2302.2 Symbols. The symbols used in this chapter have the following definitio:1s: 
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A area of cross section. 
A 1 in fastener group analysis, cross-sectional area of main wood member before boring 

or grooving, square inches (mm2). 
A2 = in fastener group analysis, sum of cross-sectional areas of wood or metal side mem­

ber before boring or grooving, square inches (mm2). 
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2302.2 

b = breadth (width) of rectangular member. 
C = coefficient, constant or factor. 

Cc curvature factor. 
Ccs critical section factor for round timber piles. 
Co load-duration factor. 
cd penetration depth factor. 

E,E' 

e 

Fb. Fb' 

FbE 
Fe, Fe' 

end grain factor. 
size factor for sawn lumber. 
form factor. 
flat-use factor. 
group action factor. 
lag screw factor. 
repetitive member factor for dimension lumber. 
metal side plate factor. 
wet service factor. 
buckling stiffness factor for sawn lumber. 
toenail factor. 
volume factor for structural glued-laminated timber. 
geometry factor. 
distance from neutral axis to extreme fiber. 
diameter. 
depth of rectangular member, or least dimension of compression member. 
effective depth of member at a connection, inches (mm). 
depth of member remaining at a notch, inches (mm). 
cross-sectional dimensions of rectangular compression member in planes of lateral 
support, inches (mm). 
tabulated and allowable modulus of elasticity, pounds per square inch (N/mm2). 
eccentricity. 
tabulated and allowable bending design value, pounds per square inch (N/mm2). 
critical buckling design value for bending members. 
tabulated and allowable compression design value parallel :o grain, pounds per 
square inch (N/mm2). 
critical buckling design value for compression members. 

FcJ.• FcJ.' = tabulated and allowable compression design value perpendic11lar to grain, pounds 
per square inch (N/mm2). 
tabulated and allowable bearing design value parallel to grai 1, pounds per square 
inch (N/mm2). 

Fn = allowable unit stress acting perpendicular to the inclined surface, pounds per square 
inch (N/mm2) (Hankinson's Formula). 

Fr = allowable unit radial stress. 
allowable unit radial stress in compression. 
allowable unit radial stress in tension. 

I 

tabulated and allowable tension design value parallel to grai 11, pounds per square I 
inch (N/mm2). 
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Fv, Fv' 

Fy = 
Fe'= 

fi, 
!c 

fcl. 
h 
fr 

frc = 
frt 

fr 
fv 
G 

g 

h 
I 

KhE 
KcE 

Ke 
Kr 

Kv 

Kx 
L 

I 

lh 
lc 
le = 

leld = 
lu 

11. lz 

/3 

M 
m 
N 
n = 
p 

PIA = 
p 
Q 

R = 
2-806 

tabulated and allowable shear design value parallel to grain, pounds per square inch 
(N/mm2). 

bending yield strength of fastener, pounds per square inch (N/mm2>. 
allowable bearing design value at an angle to grain, pounds per square inch (N/mm2). 
actual unit stress for extreme fiber in bending. 
actual unit stress in compression parallel to grain. 
actual unit stress in compression perpendicular to grain. 
actual unit stress in end grain in bearing parallel to grain. 
actual unit radial stress. 
actual unit radial stress in compression. 
actual unit radial stress in tension. 
actual unit stress in tension parallel to grain. 
actual unit horizontal shear stress. 
specific gravity. 
gage of screw. 
rise. 
moment of inertia, inches4 (mm4). 

Euler buckling coefficient for beams. 
Euler buckling coefficient for columns. 
effective buckling length coefficient for compression members. 
radial stress coefficient. 
shear coefficient. 
spaced column fixity coefficient. 
span length of beam, or unsupported length of column, feet (mm). 
span length of beam, or unsupported length of column, inch (mm). 
bearing length, inches (mm). 
clear span, inches (mm). 
effective span length of bending member or effective length of compression member, 
inches (mm). 
slenderness ratio of compression member. 
laterally unsupported span length of bending member, inches (mm ). 
distances between points of lateral support of compression member in planes I and 2, 
inches (mm). 
distance from center of spacer block to centroid of group of split ring or shear plate 
connectors in end block for a spaced column, inches (mm). 
bending moment. 
unit bending moment. 
acting perpendicular to the inclined surface "lb" (Hankinson's Formula). 
number of fasteners in a row. 
total concentrated load, or axial compression load. 
induced axial load per unit of cross-sectional area. 
depth of fastener penetration into wood member, inches (mm). 
statical moment of an area about the neutral axis. 
radius of curvature. 
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Rn 
RH 
Rv 

r 

s 
s 
T 
t 
v 
w 
w 

= 

= 

slenderness factor of bending member. 
horizontal reaction. 
vertical reaction. 
radius of gyration. 
section modulus. 
spacing between adjacent fasteners in a row, inches (mm). 
total axial tension load. 
thickness. 
shear force. 
total uniform load. 
uniform load per unit of length. 
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I 

I 

X 

y 

Z,Z' 

distance from beam support face to load, inches (mm). I 
load/slip modulus for a connection, pounds per inch (N/mm). 
nominal and allowable lateral design value for a single fastene · connection, pounds 
(N). 

~A 

~a 

allowable deformation or deflection. 

actual deformation or deflection. 

8 angle between the direction of load and the direction of grain, degrees (Hankinson's 
Formula). 

SECTION 2303 - GENERAL 

2303.1 Standard of Quality. The standards listed below labeled a "U.B.C. standard" are also 
listed in Chapter 35, Part II, and are part of this code. The other standards listed below are recog- I 
nized standards. (See Sections 3502 and 3503.) 

1. Grading rules. 

1.1 U.B.C. Standard 23-1, Classification, Definition and Methods of Grading for All Species 
of Lumber 

1.2 Standard Grading Rules for Canadian Lumber, United States Edit.on, NLGA 

1.3 Standard Grading Rules No. 17, WCLIB 

1.4 Standard Grading Rules, WWPA 

1.5 Grading Rules, NHPMA 

1.6 Grading Rules, SPIB 

I. 7 Standard Specifications for Grades of California Redwood Lumber, RIS 

1.8 Standard Grading Rules, NELMA 

2. Structural glued-laminated timber. 

2.1 ANSI/AITC Standard A190.1 and ASTM D 3737, Design and Manllfacture of Structural 
Glued-laminated Timber 

2.2 Standard Specifications for Structural Glued-laminated Timber of Softwood Species, 
AITC 117; Manufacturing, AITC 117; Design and Standard Specifications for Hard-~ 
wood Glued-laminated Timber, AITC 119. 

2.3 Inspection Manual AITC 200 of the American Institute of Timber Construction, Tests for 
Structural Glued-laminated Timber. 
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2.4 AITC 500, Determination of Design Values for Structural Glued-laminawd Timber in ac­
cordance with ASTM D 3737, American Institute of Timber Construct. on. 

3. Preservative treatment by pressure processes and quality control. 

Standard Specifications Cl, C2, C3, C4, C9, Cl4, CIS, Cl6, C22, C23, C2·+, C28 and M4, 
AWPA 

4. Product standards. 

4.1 U.B.C. Standard 23-2, Construction and Industrial Plywood 

I 4.2 U.B.C. Standard 23-3, Performance Standard for Wood-Based Structural-Use Panels 

4.3 U.B.C. Standard 23-4, Mat-formed Wood Particleboard 

4.4 ANSI 05.1, Wood Poles-Specifications and Dimensions 

4.5 ASTM D 25, Round Timber Piles 

4.6 ANSI/ AHA A 194.1, Cellulosic Fiber Insulating Board (Fiberboard) 

4.7 ANSI/AHA 135.6, Hardboard Siding 

5. Design. 

I ASTM D 5055, Structural Capacities of Prefabricated Wood 1-Joists 

6. Fire retardancy. 

6.1 U.B.C. Standard 23-5, Fire-retardant-treated Wood Tests on Durability and Hygroscopic 
Properties 

6.2 U.B.C. Standard 23-6, Fire-retardant-treated Wood 

7. Adhesives and glues. 

7.1 ASTM D 3024, Dry Use Adhesives with Protein Base, Casein Type 

7.2 ASTM D 2559, Wet Use Adhesives 

7.3 APA Specification AFG-01, Adhesives for Field Gluing Plywood to Wood Framing 

I 7.4 ASTM D 1101 and AITC 200 in Testing of Glue Joints in Laminated Wood Product. 

8. Design values. 

8.1 ASTM D 1990, Establishing Allowable Properties for Visually-Graded Dimension 
Lumber from In-Grade Tests of Full-Size Specimens. 

8.2 ASTM D 245, Establishing Structural Grades and Related Allowable Properties for Vi­
sually Graded Lumber. 

8.3 ASTM D 2555, Standard Test Methods for Establishing Clear Wood S :rength Values. 

2303.2 Minimum Capacity or Grade. Minimum capacity of structural framing members may 
be established by performance tests. When tests are not made, capacity shall be ba::ed on allowable 
stresses and design criteria specified in this code. 

Studs, joists, rafters, foundation plates or sills, planking 2 inches (51 mm) or more in depth, 
beams, stringers, posts, structural sheathing and similar load-bearing members shall be of at least 
the minimum grades set forth in Table 23-1-A-1, 23-1-A-2 or 23-1-A-3. Approved t:nd-jointed lum­
ber may be used interchangeably with solid-sawn members of the same species and grade. Such use 
shall include, but not be limited to, light-framing joists, planks and decking. 

I Wood structural panels shall be one of the grades specified in U.B.C. Standard 23-2 or 23-3. 
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2303.3 Dried Fire-retardant-treated Wood. Approved fire-retardant-treated wood shall be 
dried, following treatment, to a maximum moisture content as follows: solid-sawn lumber 2 inches 
(51 mm) in thickness or less to 19 percent, and plywood to 15 percent. 

2303.4 Metal-plate-connected Wood Trusses. Metal-plate-connected wood trusses shall con- I 
form to the provisions of Section 2311.6 and Division III. 

2303.5 Size of Structural Members. Sizes of lumber and structural glued-laminated timber re­
ferred to in this code are nominal sizes. Computations to determine the required sizes of members 
shall be based on the net dimensions (actual sizes) and not the nominal size~. 

2303.6 Shrinkage. Consideration shall be given in the design to the possible effect of cross-grain 
dimensional changes considered vertically which may occur in lumber fabric<ted in a green condi­
tion. 

2303.7 Fabrication. Preparation, fabrication and installation of wood members and their fasten­
ings shall conform to accepted engineering practices and to the requirement; of this code. 

2303.8 Workmanship. All members shall be framed, anchored, tied and bnced so as to develop 
the strength and rigidity necessary for the purposes for which they are used. 

2303.9 Rejection. The building official may deny permission for the use of a wood member 
where permissible grade characteristics or defects are present in such a combination that they affect 
the serviceability of the member. 

SECTION 2304 - STRESSES 

2304.1 General. Except as hereinafter provided, stresses shall not excee:l the allowable unit 
stresses for the respective species and grades or fabricated products as set forth in Tables 23-1-A-1, 
23-1-A-2, 23-1-A-3, 23-1-A-4, and 23-1-A-5 for lumber, and Tables 23-1-C-1, 23-1-C-2 and 23-1-D 
for structural glued-laminated timber. 

Tabulated allowable design values (Fh, Ft. Fv, Fe, Fe .L' E, Fg ), shall be multiplied by all applicable 
adjustments factors to determine allowable design values (Fb', F/, Fv', Fe', Fe .L'• E', F8 ). Table 
23-1-A-6 specifies the adjustment factors which apply to each tabulated design value for structural 
sawn lumber and glued-laminated timber. 

The values for Fb and Fe tabulated in Tables 23-1-A-1, 23-1-A-2, 23-1-A-4 and 23-1-A-5 for visu­
ally graded structural lumber and in Table 23-1-A-3 for machine, stress-rated lumber are for the de­
sign of structures when the strength of an individual member is premised on the assumption that 
each individual piece carries its design load. 

The repetitive member adjustment factors for Fb may be used for the design of an assembly of 
repetitive framing such as joists, rafters and studs not over 4 inches (1 02 mrr) in thickness spaced 
not more than 24 inches (610 mm), not less than three in number and .ioined by transverse 
load-distributing elements adequate to support the design load. 

Values for species and grades not tabulated shall be approved by the building official. 

Values for plywood structural panels shall be in accordance with Table 23-I·B. All wood structur- I 
al panels, when designed to be exposed in outdoor applications, shall be of the exterior type, except 
as provided in Sections 2322.2 and 2326.12.9. 

2304.2 Wood Poles or Piles. The values tabulated in Table 23-1-E shall be used for the design of 
round timber poles and piles. 

2304.3 Adjustment of Stresses. 

2304.3.1 General. The allowable unit stresses specified in this chapter shall be subject to the ad­
justments set forth in the footnotes to the appropriate stress tables and to thf requirements of this 
section. 
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2304.3.2 Preservative treatment. The values for wood pressure impregnated with an approved 
process and preservative need no adjustment for treatment but are subject to other adjustments. 

2304.3.3 Fire-retardant treatment. The values for lumber and plywood pressme impregnated 
with approved fire-retardant chemicals, including fastener values, shall be recommended by the 
treater and submitted to the building official for approval. Submittal to the buildi !l.g official shall 
include all substantiating data. Such values shall be developed from approved test methods and pro­
cedures that consider potential strength-reduction characteristics, including effects of elevated 
temperatures and moisture. Other adjustments are applicable, except that the impa,~t load-duration ,

1 
factor

1 

shall not apply. 

Va ues for glued-laminated timber, including fastener designer loads, shall be ncommended by 
the treater and submitted to the building official for approval. Submittal to the building official shall 
include all substantiating data. 

In addition to the requirements specified in Section 207, fire-retardant lumber having structural 
applications shall be tested and identified by an approved inspection agency in accordance with 
U.B.C. Standard 23-6. 

2304.3.4 Duration of load. Values for wood and mechanical fastenings (when 1.he wood deter­
mines the load capacity) are subject to the following adjustments for the various durations of load­
ing: 

l. Where a member is fully stressed to the maximum allowable stress, either ,~ontinuously or 
cumulatively, for more than 10 years under the conditions of maximum design load, the values shall 
not exceed 90 percent of those in the tables. 

I 2. When the accumulated duration of the full maximum load during the life of the member does 
not exceed the period indicated below, the values may be increased in the tables as follows: 

I 
15 percent for two months' duration, as for snow 

25 percent for seven days' duration, as for roof loads 

33 1/3 percent for earthquake 

33 11] percent for wind (for connections and fasteners) 

60 percent for wind (members only) 

I 00 percent for impact 

I except that the increases for wind or earthquake are not combined with the increase allowed in Sec­
tion 1603.5. 

The foregoing increases are not cumulative. For combined duration of loadings the resultant 
structural members shall not be smaller than required for the longer duration of J,)ading. 

The duration of load factors in this item shall not apply to compression-perpendicular-to-grain 
design values based on a deformation limit, or to modulus of elasticity. 

3. Values for normal loading conditions may be used without regard to impac1 if the stress in-
duced by impact does not exceed the values for normal loading. 

1

2304.3.5 Size factor adjustment. Bending, tension and compression parallel to grain design val­
ues for visually graded dimension lumber 2 inches to 4 inches (51 mm to 102 mm) thick shall be 
multiplied by the size factors specified in Tables 23-I-A-1 to 23-1-A-5. When the depth of a rectan­
gular sawn lumber bending member 5 inches (127 mm) or thicker exceeds 12 inches (305 mm), the 
bending design values, Fb, shall be multiplied by the size factor, CF, as determined by the formula: 

ForSI: 
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WHERE: 
CF = size factor. 

d = depth of beam in inches (mm). 
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For beams of circular cross section that have a diameter greater than 13.5 inches (343 mm), or 
12-inch (305 mm) or larger square beams loaded in the plane of the diagonal, the size factor CF may 
be determined on the basis of an equivalent conventionally loaded squar·! beam of the same 
cross-sectional area. 

Size factor adjustments are cumulative with form factor adjustments 'pecified in Section 
2304.3.7, except for lumber I beams and box beams, but are not cumulative with slenderness factor 
adjustments specified in Section 2304.3.6. Volume factor adjustments for gllled-laminated mem­
bers shall be in accordance with Section 2312.4.5. The size factor adjustment !:hall not apply to ma­
chine-stress-rated lumber. 

2304.3.6 Slenderness factor and flexural stress. When the depth of a bending member exceeds 
its breadth, allowable design stresses in bending shall be modified as specified in Division VIII, 
Section 2363. 

EXCEPTION: Lateral support may be provided in accordance with Section 2~06.7 in lieu of the above 
stress modifications. 

2304.3.7 Form factor adjustments. The allowable unit stress in bending fc r non prismatic mem­
bers shall not exceed the value established by multiplying such stress by the form factor q deter­
mined as follows: 

Beam Section 

Circular 

Form Factor (Cj) 

1.180 

Square (with diagonal vertical) 

Lumber I beams and 
box beams 0.81 [1 + ( d2 + 143 

d2 + 88 

o.s{ + ( U;l',+ 143 

Cs.4) + 88 
For SI: 

WHERE: 
q form factor. 
Cg support factor= p2 (6- 8p + 3p2)(1 - q) + q. 

p ratio of depth of compression flange to full depth of beam. 

q ratio of thickness of web or webs to the full width of beam. 

1.414 

1 )cg J 

- }·] 

The form factor adjustment shall be cumulative with the size factor adjustment, except for lum­
ber I beams and box beams. 

2304.3.8 Modulus of elasticity adjustment. The use of average modulus of elasticity E values 
are appropriate for the design of normal wood structural members and assemblies. In special appli­
cations where deflections are critical to the stability of structures or structural components, and 
where exposed to varying temperature and relative humidity under sustained loading conditions, 
the average values of the modulus of elasticity E listed in Tables 23-1-A-1, 23-I-A-2, 23-1-C-1, 
23-I-C-2, 23-I-D and 23-I-E shall be reduced to account for variability. Coeff cients of variation Cv 
in the modulus of elasticity E for lumber and glued-laminated timber are as follows: 
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Visually graded sawn lumber 

Machine stress-rated sawn lumber 

Glued-laminated timber 

* Applies to six or more laminations. 

1994 UNIFORM BUILDING CODE 

0.25 

O.II 

0.10* 

The average modulus of elasticity E values listed in the tables shall be multiplied by I - Cv or 
I - 1.65 Cv to obtain a modulus of elasticity E value exceeded by 84 percent or 95 percent individu­
al pieces, respectively. 

The duration-of-load adjustments specified in Section 2304.3.4 do not apply to nodulus of elas­
ticity values. 

2304.3.9 Temperature. The allowable unit stresses for untreated and preservative-treated wood 
specified in this chapter and as modified in this section apply to uses within the range of climatic 
temperature ordinarily encountered in buildings. When manufacturing or equipment processes 
subject members to prolonged temperatures above this range, but not exceeding 150°F. (66°C.), the 
allowable design stresses shall be decreased by the appropriate reduction factors specified in Divi­
sion VII. Wood members shall not be used in areas subject to temperatures above I50°F. (66°C.) 
unless the exposure is infrequent and any permanent loss in strength is accounted for in the design. 

The allowable unit stresses for fire-retardant-treated solid-sawn lumber and plywood, including 
fastener values, subject to prolonged elevated temperatures from manufacturing or equipment pro­
cesses, but not exceeding I50°F. (66°C.), shall be developed from approved test methods that prop­
erly consider potential strength-reduction characteristics, including effects of heat and moisture. 

2304.3.10 Moisture service conditions. Where sawn lumber and fastenings are exposed to ser­
vice conditions causing the wood to possess more than 19 percent moisture content, the tabulated 
design values shall be reduced as specified in Table 23-I-A-I, Footnote 6, and Table 23-I-A-2, Foot­
note 7. Where glued-laminated timber exceeds 16 percent moisture content, the tabulated design 
values shall be reduced as specified in Table 23-I-C-1, Footnote 2. 

2304.3.11 Bolted joints. Bolt values used in conjunction with metal side plates s 1all be in accor­
dance with Division III. 

SECTION 2305 - IDENTIFICATION 

I All lumber, wood structural panels, particleboard, structural glued-laminated timber, end-jointed 
lumber, fiberboard sheathing (when used structurally), hardboard siding (when used structurally), 
piles and poles regulated by this chapter shall conform to the applicable standards or grading rules 
specified in this code and shall be so identified by the grade mark or a certificate of inspection issued 
by an approved agency. 

All preservatively treated wood required to be treated under Section 2317 shall be identified by 
the quality mark of an approved inspection agency. 

SECTION 2306 - HORIZONTAL MEMBER DESIGN 

2306.1 Beam Span. For simple beams, the span shall be taken as the distance from face to face of 
supports, plus one half the required length of bearing at each end; for continuous bfams, the span is 
the distance between centers of bearings on supports over which the beam is continuous. 

2306.2 Flexure. 

2306.2.1 Circular cross section. A beam of circular cross section may be assumed to have the 
same strength in flexure as a square beam having the same cross-sectional area. If a circular beam is 
tapered, it shall be considered a beam of variable cross section. 
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2306.2.2 Notching. If possible, notching of beams should be avoided. Notches in sawn lumber 
bending members shall not exceed one sixth the depth of the member and shall not be located in the 
middle third of the span. Where members are notched at the ends, the notch dt!pth shall not exceed 
one fourth the beam depth. The tension side of sawn lumber bending members tJf 4 inches (102 mm) 
or greater nominal thickness shall not be notched except at ends of members. Cantilevered portions 
of beams less than 4 inches (1 02 mm) in nominal thickness shall not be notchf:d unless the reduced 
section properties and lumber defects are considered in the design. For effects of notch on shear 
strength, see Section 2306.4. 

2306.2.3 Lateral moment distribution. Lateral moment distribution of a concentrated load from 
a critically loaded beam to adjacent parallel beams shall be calculated. 

2306.3 Horizontal Shear. The actual shear stress in a solid-sawn or glued-laminated wood beam 
shall be calculated by means of Formula (6-1). 

3V 
fv = 2bd (6-1) 

The actual unit shear stress.fv shall not exceed the allowable for the species md grade as given in 
Tables 23-I-A-1, 23-I-A-2, 23-I-A-3, 23-I-A-4 and 23-I-A-5 for solid-sawn lumber and in Tables 
23-I-C-1, 23-I-C-2 and 23-I-D for glued-laminated lumber, adjusted for duration of loading, as pro­
vided in Section 2304.3.4. 

When calculating the shear force, V, distribution of load to adjacent parallel beams by flooring or 
other members may be considered, and all loads within a distance from either support equal to the 
depth of the beam may be neglected for beams supported by full bearing on c>ne surface and loads 
applied to the opposite surface. 

2306.4 Horizontal Shear in Notched Beams. When rectangular-shaped girders, beams or joists 
are notched at points of support on the tension side, they shall meet the design requirements of that 
section in bending and in shear. The actual shear stress at such point shall be mlculated by Formula 
(6-2): 

(6-2) 

WHERE: 
d = total depth of beam. 

dn = actual depth of beam at notch. 

When girders, beams or joists with circular cross section are notched at points of support on the 
tension side, they shall meet the design requirements of that section in bend1 ng and in shear. The 
actual shear stress at such point shall be calculated by Formula (6-3). 

fv = (i:.) (f.) 
WHERE: 

An = cross-sectional area of notched member. 
d = total depth of beam. 

dn = actual depth of beam at notch. 

(6-3) 

For bending members with other than rectangular or circular cross section md notched at points 
of support on the tension side, the actual shear stress parallel to grain shall be calculated in accor­
dance with conventional engineering mechanics. 

When girders, beams or joists are notched at points of support on the compression side, they shall 
meet design requirements for that net section in bending and in shear. The shear at such point shall 
not exceed the value calculated by Formula (6-4): 
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WHERE: 
d = total depth of beam. 

d' = actual depth of beam at notch. 

e = distance notch extends inside the inner edge of support. 

The shear for the notch on the compression side shall be further limited to the value determined 
for a beam of depth d' if e exceeds d'. 

The alternate provisions of Division VIII, Section 2364, do not apply when de~.igning notched 
beams. 

2306.5 Design of Joints in Shear. Eccentric connector and bolted joints and beans supported by 
connectors or bolts shall be designed so that.fv in Formula (6-5) does not exceed th1! allowable unit 
stresses in horizontal shear. 

WHERE: 

3V 
fv = 2bd (6-5) 

e 

de (with connectors)= the depth of the member less the distance from the unloaded edge of mem­
ber to the nearest edge of the nearest connector. 

de (with bolts or lag screws)= the depth of the member less the distance from the l nloaded edge of 
the member to the center of the nearest bolt or lag screw. 

Allowable unit stresses in shear for joints involving bolts or connectors loaded perpendicular to 
grain may be 50 percent greater than the horizontal shear values as set forth in Tables 23-1-A-1, 
23-1-A-2, 23-1-A-3, 23-1-A-4, 23-1-A-5, 23-1-C-1, 23-1-C-2 and 23-1-D, provided that the joint oc­
curs at least five times the depth of the member from its end. When the joint is les~. than five times 
the depth of the member from its end, the induced shear stress is calculated in Formula (6-6). 

fv = 2t~, (:J (6-6) 

and the 50 percent increase in design values for shear in joints does not apply. 

2306.6 Compression Perpendicular to Grain. In applications where deformation is critical, 
Formula (6-7) shall be used to calculate the compression-perpendicular-to-grain jesign values. 

Fd' = 0.73 FcJ_ (6-7) 
WHERE: 
Fe 1. = compression-perpendicular-to-grain values from Tables 23-1-A-1 and 2 3-1-A-2. 
Fe 1.' = critical compression-perpendicular-to-grain value. 

The duration of load modification factors given in Section 2304.3.4 shall not aJ:ply to compres­
sion-perpendicular-to-grain values for sawn lumber or glued- laminated timber. 

The allowable unit stresses for compression perpendicular to grain in Tables 23-:1-A-1, 23-1-A-2, 
23-1-A-3, 23-1-A-4, 23-1-A-5, 23-1-C-1, 23-1-C-2, and 23-1-D apply to bearings of any length at the 
ends of the beam and to all bearings 6 inches (152 mm) or more in length at any other location. 

For bearings of Jess than 6 inches (152 mm) in length and not nearer than 3 inche> (76 mm) to the 
end of a member, the maximum allowable load per square inch may be obtained by multiplying the 
allowable unit stresses in compression perpendicular to grain by the factor indic lted in Formula 
(6-8). 

(6-8) 
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in which lb is the length of bearing in inches (mm) measured along the grairt of the wood. 

The multiplying factors for indicated lengths of bearing on such small areas as plates and washers 
may be: 

LENGTH OF BEARING 
(Inches) 

x 25.4formm 1f2 1 11/2 2 3 4 &OR MORE 

Factor 1.75 1.38 1.25 1.19 1.13 1.10 1.00 

In using the preceding formula and table for round washers or bearing areas. use a length equal to 
the diameter. 

In joists supported on a ribbon or ledger board and spiked to the studding, the allowable stress in 
compression perpendicular to grain may be increased 50 percent. 

2306.7 Lateral Support. Solid-sawn rectangular lumber beams, rafters and joists shall be sup-
ported laterally to prevent rotation or lateral displacement in accordance wilh the following: 

If the ratio of depth to thickness, based on nominal dimensions, is: 

1. Two to 1, no lateral support is required. 

2. Three to 1 or 4 to I, the ends shall be held in position, as by full-depth solid blocking, bridging, 
nailing or bolting to other framing members, approved hangers or other acc<!ptable means. 

3. Five to 1, one edge shall be held in line for its entire length. 

4. Six to 1, bridging, full-depth solid blocking or cross bracing shall be installed at intervals not 
exceeding 8 feet (2438 mm) unless: 

4.1 Both edges of the member are held in line or, 

4.2 The compression edge of the member is supported throughout its length to prevent lateral 
displacement, as by adequate sheathing or subflooring, and the ends and all points of 
bearing have lateral support to prevent rotation. 

5. Seven to 1, both edges shall be held in line for their entire length. 

If a beam is subject to both flexure and compression parallel to grain, the ra1io may be as much as 
5 to 1 if one edge is held firmly in line. If under any combination of load the unbraced edge of the 
member is in tension, the ratio may be 6 to 1. 

In lieu of providing lateral support by the methods specified in Items 2 through 5 above, the al­
lowable stresses shall be reduced by the slenderness factor set forth in Section 2304.3.6. 

2306.8 Lateral Support of Arches, Compression Chords of Trusses ancl Studs. Where roof 
joists or purlins are used between arches or compression chords, the largest value of lefd, calculated 
using the depth of the arch or compression chord or calculated using the breadth (least dimension) 
of the arch or compression chord between points of intermittent lateral suppc,rt, shall be used. The 
roof joists or purlins shall be placed to account for shrinkage (for example, by placing the upper 
edges of unseasoned joists approximately 5 percent of the joist depth above I he tops of the arch or 
chord) but also placed low enough to provide adequate lateral support. 

Where roof joists or purlins are placed on top of an arch or compression chord and are securely 
fastened to the arch or compression chord, the largest value of fe/d, calculated using the depth of the 
arch or compression chord or calculated using the breadth (least dimension) of the arch or compres­
sion chord between points of intermittent lateral support, shall be used. 

Where planks are placed on top of an arch or compression chord and securely fastened to the arch 
or compression chord, or when sheathing is nailed properly to the top chord of trussed rafters, the 
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der•th rather than the breadth of the arch, compression chord or trussed rafter may be used as the 
least dimens1on in determining le!d. Where stud walls in light-frame construction are adequately 
sheathed on at least one side, the depth rather than breadth of the stud, may be taken as the least 
dimension in calculating the leld ratio. The sheathing shall be shown by experience to provide later­
al support and shall be fastened in accordance with Table 23-I-Q. 

SECTION 2307- COLUMN DESIGN 

2307.1 Column Classifications. 

2307.1.1 Simple solid-wood columns. Simple columns consist of a single piece or of pieces 
properly glued together to form a single member. 

2307.1.2 Spaced columns, connector joined. Spaced columns are formed of two or more indi­
vidual members with their longitudinal axes parallel, separated at the ends and middle points of 
their length by blocking and joined at the ends by timber connectors capable of developing there­
quired shear resistance. See Division II for design. 

2307.1.3 BuiJt-up columns. Built-up columns, other than connector-joined spaced columns and 
glued-laminated columns, shall not be designed as solid columns. 

2307.2 Limitation on lid Ratios. For simple solid columns, leld shall not exceed 50. 

For individual members of a spaced column, see Division II. 

2307.3 Simple Solid-column Design. The effective column length, le, shall be used in design for­
mulas given in this section. The effective column length,/e, shall be determined in accordance with 
good engineering practice. Actual column lengths, /, may be multiplied by the factors given in the 
following table to determine effective column length, le. 

J.' • ~~ •' + ,,. • • .J. c p 
I I I \ I I I I I I 

I I I I I I I 

Buckling modes I I I I I I 
I I 
I I I I I I 
I I I I I I I I I I I I I 

I I 1,• 1,. .. ,. -r 1,• 
~f« 

Oeoign budding laclor, K,. 

- Ideal COIIdltiona ~imated. 
0.65 0.80 1.2 1.0 2.10 2.4 

• Rotation fixed, translation fixed 
End condition code 

' 
Rotation free, translation fixed 

• Rotation fixed, translation free 

'? Rotation free, translation free 
- ~ ~- -

Note: I, = K,l 

Allowable unit stresses in pounds per square inch of cross-sectional area of square or rectangular 
solid columns shall be determined in accordance with the following formula: 
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in which 

c' 0.8 for sawn lumber. 

c' = 0.85 for round timber piles. 
c' 0.9 for glued-laminated timbers. 

KcEE' 
(l,jd)2 
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tabulated compression design value multiplied by all of the applicable adjustment factors. 
0.3 for visually graded lumber. 

0.418 for products such as machine stress-rated sawn lumber and glt ed-laminated timber. 

2307.4 Tapered Columns. When designing a tapered column with a rectangular cross section, 
tapered at one or both ends, the representative dimension, drep• for each face cf the column shall be 
derived as follows: 

WHERE: 
dmax = the maximum dimension, d, for that face of the column. 
dmin = the minimum dimension, d, for that face of the column. 

Support Conditions 

Large end fixed, small end unsupported 
Small end fixed, large end unsupported 
Both ends simply supported: 

Tapered toward one end 
Tapered toward both ends 

For all other support conditions: 

d = dmin + (drrzax- dm;n) (1/3) 

a= 0.70 
a= 0.30 

a= 0.50 
a= 0.70 

The design of a column of round cross section shall be based on the design calculations for a 
square column of the same cross-sectional area and having the same degree of taper. 

SECTION 2308 - FLEXURAL AND AXIAL LOADING COMBINED 

2308.1 Flexure and Axial Tension. Members subjected to both flexure and axial tension shall be 
so proportioned that 

.!!_ + ../i._ ~ 1. 0 
F,' Fb * 
and 

fb- f, ~ 1.0 
Fb * * 

WHERE: 
Fb * = tabulated bending design value multiplied by all applicable adjustm!nt factors except CL. 

Fb ** = tabulated bending design value multiplied by all applicable adjustment factors except Cy. 

The load duration factor associated with the shortest duration load in a combination of loads shall 
be permitted to be used to calculate Ft' and Fb *. 
2308.2 Flexure and Axial Compression. Members subjected to a combination of flexure about 
one or both principal axes and axial compression shall be so proportioned that: 
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in which j; < F,£1 
KcEE' for either uniaxial or biaxial bending 

U.t I d 1)
2 

and 

< F _ K,EE' for biaxial bending 
J, c£2 - (/,2 I d2)2 

and 

KbEE' . . . 
fbt < FbE = (R

8
) 2 for btaxml bendmg 

WHERE: 
d1 wide face dimension. 

d2 narrow face dimension. 
fi, 1 actual edgewise bending stress (bending load applied to narrow face of member). 
fi, 2 actual flatwise bending stress (bending load applied to wide face of member). 

KbE 0.438 for visually graded lumber. 

KbE 0.609 for products such as machine stress-rated lumber and glued-laminated timber. 

KcE per Section 2307.3. 
RB per Division VIII. 

Effective column lengths, le 1 and lez, shall be determined in accordance with Sec.ion 2307.3. The 
load duration factor associated with the shortest duration load in a combination of loads shall be 
permitted to be used to calculate Fe', Fb' and Fb z'. 

2308.3 Spaced Columns. In the case of spaced columns, this combined stress formula may be 
applied only if the bending is in a direction parallel to the greater d of the indivic.ual member. 

2308.4 Truss Compression Chords. Effects of buckling of a 2-inch by 4-inch (51 mm by 102 
mm) or smaller truss compression chord having effective buckling lengths of 96 inches (2438 mm) 
or less and with 3/s-inch (9.5 mm) or thicker plywood sheathing nailed to the na:row face of the 
chord in accordance with Table 23-1-Q shall be determined from the formula: 

Cr = 1 + 
2, 3001, 

Eo.os 

For SI: Cr 1 + 
0.621, 

Eo.os 
WHERE: 

CT buckling stiffness factor. 

0.819£ for machine-stress-rated lumber. 

E modulus of elasticity from tables of allowable unit stresses, pounds per square inch 
(N/mm2). 

Eo.os = 0.589£ for visually graded lumber. 

le = effective buckling length used in design of chord for compression loading, inches (mm). 

The values of CT determined from this formula are for wood seasoned to a moisture content of 19 
percent or less at the time the plywood is nailed to the chord. For wood that is unseasoned or partial­
ly seasoned at the time of plywood attachment, CT shall be determined from the formula: 
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ForSI: 

Cr = I + I, 2001, 
Eo.os 

C 
_ I 0.33/, 

T- + --
£0.05 
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For chords with an effective buckling length greater than 96 inches (2438 mm), Cr shall be taken 
as the value for a chord having an effective length of 96 inches (2438 mm). 

The buckling stiffness factor does not apply to short columns or to trusses used under wet condi­
tions. The allowable unit compressive stress shall be modified by the buckling stiffness factor when 
a truss chord is subjected to combined flexure and compression and the bending moment is in the 
direction that induces compression stresses in the chord face to which the plywood is attached. 

The buckling stiffness factor Cr shall be applied as follows: 

Short columns (lefd of I1 or less): 

F 'c = Fe 

Intermediate columns Ueld greater than 11 but less than K): 

K = 0.67I jCr(E/FJ 

F'c = 

Long columns (lefd of K or greater): 

F' = 0.30ECr 
c (lJd)2 

SECTION 2309 - COMPRESSION AT ANGLE TO GRAIN 

The allowable unit stress in compression at an angle of load to grain between 0 degree and 90 de­
grees shall be computed from Hankinson's Formula as follows: 

Fg'Fc 
F = .L 

" Fg' sin2 (} + F'".L cos2 (} 

Allowable values for end grain in bearing F8' shall be adjusted for duration of load before use in 
Hankinson's Formula. Fg' values are tabulated in Division VIII. Values of Fn and Fe .l are not sub­
jected to duration of load modifications. 

SECTION 2310 -TENSION DESIGN 

2310.1 Tension Parallel to Grain. The actual tension stress parallel to grair shall be based on the 
net section area and shall not exceed the allowable tension design value parallel to grain,.fi::; F/. 
2310.2 Tension Perpendicular to Grain. Where designs that induce tensicn stresses perpendic­
ular to grain cannot be avoided, mechanical reinforcement sufficient to resist such forces shall be 
provided. 

SECTION 2311 -TIMBER CONNECTORS AND FASTENERS 

2311.1 General. Timber connectors and fasteners may be used to transmit forces between wood 
members and between wood and metal members. The allowable loads and installation of timber 
connectors and fasteners shall be in accordance with the provisions set fort1 in Division III. For 

2-819 



CHAP. 23, DIV. I 
2311.1-2311.6 1994 UNIFORM BUILDING CODE 

connectors and fasteners where the wood is wet at time of fabrication or wet in se1vice, the allow­
able loads shall be modified in accordance with Division III. 

Safe loads and design practices for types of connectors and fasteners not mentiored or fully cov­
ered in Division III may be determined in a manner approved by the building official. 

Fasteners for pressure-preservative-treated and fire-retardant-treated wood shall be of hot­
dipped zinc-coated galvanized, stainless steel, silicon bronze or copper. Fasteners for wood founda­
tions shall be as required in Chapter 18, Division II. 

EXCEPTION: When approved, fasteners used in contact with preservative-treated wood products when 
not below grade or exposed to weather. 

2311.2 Bolts. Safe loads in pounds for bolts in shear in seasoned lumber of Douglas fir-larch and 
southern pine shall not exceed the values set forth in Table 23-1-F. (For other specie:; and wet condi-

1 tions, see Division Ill.) Bolt diameters in wood connections shall be limited to a maximum 1 inch 
(25 mm) in diameter. 

Allowable shear values used to connect a wood member to concrete or masonry are permitted to 
be determined as one half the tabulated double shear values for a wood member twice the thickness 
of the member attached to the concrete or masonry. 

2311.3 Nails and Spikes. 

2311.3.1 Safe lateral strength. A common wire nail driven perpendicular to gncin of the wood, 
when used to fasten wood members together, shall not be subjected to a greater lmcd causing shear 
and bending than the safe lateral strength of the wire nail or spike as set forth in Table 23-1-G. 

A wire nail driven parallel to the grain of the wood shall not be subjected to mon: than two thirds 
of the lateral load allowed when driven perpendicular to the grain. Toenails shall no: be subjected to 
more than five sixths of the lateral load allowed for nails driven perpendicular to the grain. 

2311.3.2 Safe resistance to withdrawal. A wire nail driven perpendicular to grain of the wood 
shall not be subjected to a greater load, tending to cause withdrawal, than the safe resistance of the 
nail to withdrawal, as set forth in Table 23-1-H. 

Nails driven parallel to grain of the wood shall not be allowed for resisting withdrawal forces. 

2311.3.3 Spacing and penetration. Common wire nails shall have penetration into the piece re­
ceiving the point as set forth in Table 23-1-G. Nails or spikes for which the wire gag!s or lengths are 
not set forth in Table 23-1-G shall have a required penetration of not less than 12 diameters, and 
allowable loads may be interpolated. Design values shall not be increased when the penetration of 
nails into the member holding the point is larger than required by this item. 

For wood-to-wood joints, the spacing center to center of nails in the direction of s :ress shall not be 
less than the required penetration. Edge or end distances in the direction of stress shall not be less 
than one half of the required penetration. All spacing and edge and end distances sball be such as to 
avoid splitting of the wood. 

Holes for nails, where necessary to prevent splitting, shall be bored of a diameter ;maller than that 
of the nails. 

2311.4 Drift Bolts or Pins, Wood Screws and Lag Screws. Connections involving the use of 
drift bolts or pins, wood screws and lag screws shall be designed in accordance with the provisions 
set forth in Division III. 

2311.5 Joist Hangers and Framing Anchors. Connections depending on joist hangers or fram­
ing anchors, ties, and other mechanical fastenings not otherwise covered may be used where ap­
proved. 

2311.6 Metal Plate Connectors. The material and workmanship during fabrication and the de­
sign of metal plate connectors employed as joint connectors for light wood trusst:s shall conform 
with the requirements of Division III. 
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Each truss manufacturer shall retain an approved agency having no financid interest in the plant 
being inspected to make nonscheduled inspections of truss fabrication and delivery and operations. 
The inspection shall cover all phases of truss operation, including lumber storage, handling, cut­
ting, fixtures, presses or rollers, fabrication, bundling and banding, handling and delivery. 

SECTION 2312- STRUCTURAL GLUED-LAMINATED TIMBER DESIGN 

2312.1 General Provisions. 

2312.1.1 Design requirements. Except as otherwise provided in this section, structural glued­
laminated timber members shall be designed in accordance with the applicabl~ engineering formu­
las used for sawn members. 

2312.1.2 Fastenings. The pertinent provisions and allowable loads for fastenings given in this 
chapter shall apply to structural glued-laminated timber members. 

2312.1.3 Allowable unit stresses. The allowable unit stresses for structural glued-laminated tim­
ber shall be in accordance with Tables 23-1-C-1, 23-1-C-2 and 23-1-D and as modified by this sec­
tion. 

2312.2 Standard Sizes. Laminated members shall be of standard finished widths. 

Depth of straight and curved members, length of all members and net dime 1sions shall be speci­
fied on the plans. 

2312.3 Specifications. For structural glued-laminated timber, the following shall be specified on 
the plans: 

Whether for dry or wet conditions of use 

Species and applicable standard 

Stress requirements 

If the temperature of the timber exceeds 150°F. (66°C.) in service 

2312.4 Design Stresses. 

2312.4.1 Dry conditions of use. Allowable stress values for dry conditions of use shall be appli­
cable for normal loading when the moisture content in service is less than 16 percent, as in most 
covered structures. 

2312.4.2 Wet conditions of use. Allowable stress values for wet conditions of use shall be appli­
cable for normal loading when the moisture content in service is 16 percent or more, as may occur in 
exterior and submerged construction. 

2312.4.3 Curvature factor. For the curved portion of members, the allowable unit stress in bend­
ing shall be modified by multiplication by the following curvature factor: 

Cc = 1 - 2,000 (~) 
2 

WHERE: 
R = radius of curvature of inside face of lamination in inches, and t/R sha I not exceed 1 I 1 oo for 

hardwoods and southern pine, or 1/125 for other softwoods. 
t = thickness of lamination in inches (mm). 

No curvature factor shall be applied to stress in the straight portion of an as;embly, regardless of 
curvature elsewhere. 

2312.4.4 Radial tension or compression. The maximum radial stress induced in a curved mem­
ber of constant rectangular cross section by a bending moment is: 

3M 
Jr = 2Rbd 
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WHERE: 
b width of cross section in inches (mm). 
d depth of cross section in inches (mm). 
fr radial stress in pounds per square inch (N/mm2). 

M = bending moment in inch-pounds (N·mm). 
R radius of curvature at center line of member in inches (mm). 

For curved bending members having a varying cross section, the maximum radial stress induced, 
fr, is given by: 

WHERE: 

6M 
fr = Kr bd2 

b width of cross section, inches (mm). 
d depth of cross section at the apex in inches (mm). 

K, radial stress factor determined from the following relationship: 

Kr = A + B (R~) + C (R~r 
M = bending moment at midspan in inch-pounds (N·mm). 

WHERE: 
Rm = radius of curvature at the center line of the member at midspan ir, inches (mm). 

A, Band C = constants as follows: 

(~) A B c 
(2) (3) (4) 

(0.0) (0.0) (0.2500) (0.0) 

2.5° 0.0079 0.1747 0.1284 

5.0° 0.0174 0.1251 0.1939 

7.5° 0.0279 0.0937 0.2162 

10.0° 0.0391 0.0754 0.2119 

15.0° 0.0629 0.0619 0.1722 

20.0° 0.0893 0.0608 0.1393 

25.0° 0.1214 0.0605 0.1238 

30.0° 0.1649 0.0603 0.1115 

and ~ = angle between the upper edge of the member and the honzontal m degrees. 

Values of K, for intermediate values of ~ may be interpolated linearly. 

When M is in the direction tending to decrease the curvature (increase the radi LIS), the stress in 
tension across the grain (F,1) is limited to: 

I. One third the allowable unit stress in horizontal shear of all species for wine and earthquake 
loads. 

2. Fifteen pounds per square inch (psi) (103.4 kPa) for Douglas fir, larch, hem-fir, western woods 
and other softwoods for other types of loading. 

3. One third the allowable unit stress in horizontal shear for southern pine, rec wood and hard­
woods for all types of loading. 

These values are subject to modification for duration of load. If these values are exceeded, me­
chanical reinforcing sufficient to resist all radial tension stresses is required, but in no case shall the 
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calculated radial tension stress exceed one third the allowable unit stress in horizontal shear. When 
mechanical reinforcing is used, the maximum moisture content of the laminations at time of manu­
facture shall not exceed 12 percent for dry conditions of use. 

When M is in the direction tending to increase curvature (decrease the radius), the radial stress is 
in compression and shall be limited to the allowable stress in compression perpendicular to the 
grain. 

When the beam is loaded with a uniform load, Kr may be modified by multiplying by the reduc­
tion factor Cr as calculated by the following formula: 

C, = A + B (£,) + C (::) + D (£,) 
2 

2 

+ E (::) + F (::) (£,) 
3 3 

+ G (£,) + H (::) 

WHERE: 
Cr = reduction factor. 
L = span of beam. 

L 1 = length of beam between tangent points. 

A,B, ... H 

= constants for a given ~ as follows: 

p A B c D E 

2.30 -.142 .418 -2.358 -.053 -

9.7° .143 .376 - .541 -.060 -

14.9° .406 .293 - .927 -.041 -

20.0° .423 .364 -1.022 -.067 -

25.2° .540 .360 -1.061 -.070 -
29.8° .502 .372 - -.076 -3.712 

- ----------------

F 

-

-

-

.146 

.156 

.138 
L__ 

G H 

.002 -

.003 -

.002 -

- -
- -

.004 4.336 

and~= angle between the upper edge of the member and the horizontal in degrees. Values of Cr for 
intermediate values may be interpolated linearly. 

L 

Lt 

PITCHED AND TAPERED CURVED BEAM 
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2312.4.5 Volume factor for beams. When the size of a rectangular horizontally laminated 
glued-laminated timber beam is other than 51/s inches (130 mm) in width, 12 inctes (305 mm) in 
depth, with a span of 21 feet (6401 mm), the allowable unit stress in bending, Fb, shall be multiplied 
by the volume factor as determined by the following formula: 

Cv = k (12td)Ifx(5.125/b)li.V(21/L)llzs; 1.0 

For SI: Cv=k e~5)Itx(t~O)uv(6~1)11zs; l.O 

WHERE: 
b the width of the member in inches (mm), which need not exceed 103/4 inches (273 mm) 

for these calculations. 
Cv volume factor, less than or equal to one, i.e., no increase is taken when the calculated value 

of Cv is greater than one. 
d the depth of the member in inches (mm). 
k factor to account for loading condition for simple span beams as given in the table below: 

L the length of the member in feet (mm) where Lis determined as the distance between 
points of zero moment. 

x y = z = I 0 for western species. 
x y = z = 20 for southern pine. 

LOADING CONDITION ADJUSTMENT FACTOR ~I<) 

Concentrated loads located at one-third points of span 0.96 

Uniformly distributed 1.00 

Single concentrated load at midspan 1.09 

Cantilevered beams or beams continuous over an 1.00 
intermediate support 

2312.4.6 Ponding. Roof-framing members shall be designed for the deflection criteria and pond­
ing requirements specified in Sections 1605.6 and 1607. In no case shall the roof slope provide a 
positive vertical displacement less than that equivalent to 1/4 unit vertical in 12 units horizontal (2% 
slope) of horizontal distance between the level of the drain and the high point of the roof for drain­
age. Such slope shall be in addition to the camber in glued-laminated timbers of c~ne and one-half 
times the calculated dead load deflection. The calculation of the required slope shall not include any 
vertical displacement created by short taper cuts. 

Roofs having insufficient slope for drainage shall be investigated by a rational a11alysis to assure 
stability under ponding conditions, but in no case shall the deflection of such glued-laminated tim­
bers exceed 1/2 inch (13 mm) for a 5-pound-per-square-foot (239 Pa) uniform load. 

2312.5 Tapered Faces. Sawn tapered cuts shall not be permitted on the tension face of any beam. 
Pitched or curved beams shall be so fabricated that the laminations are parallel to the tension face. 
Straight, pitched or curved beams may have sawn tapered cuts on the compression face. 

For other members subject to bending, the slope of tapered faces, measured from the tangent to 
the lamination of the section under consideration, shall not be steeper than I unit vertical in 24 units 
horizontal (4% slope) on the tension side. 

EXCEPTIONS: I. This requirement shall not apply to arches. 

2. Taper may be steeper at sections increased in size beyond design requirements for architectural projec­
tions. 

2312.6 Manufacture and Fabrication. The manufacture and fabrication of structural glued­
laminated timber shall be under the supervision of qualified personnel. 
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2312.7 Exposed Structural Glued-laminated Timber. Those portions of glued-laminated tim­
bers which form the structural supports of a building or other structure and are exposed to weather 
and not properly protected by a roof, eave overhangs or similar covering shall be pressure treated 
with an approved preservative or be manufactured from wood of natural resistance to decay. 

SECTION 2313- DESIGN OF GLUED BUILT-UP MEMBERS 

Plywood components shall be designed, fabricated and identified in accordance with Division IV. 

SECTION 2314- WOOD SHEAR WALLS AND DIAPHRAGMS 

2314.1 General. Lumber, wood structural panel and particleboard diaphragms may be used tore- I 
sist horizontal forces in horizontal and vertical distributing or resisting elements, provided the de­
flection in the plane of the diaphragm, as determined by calculations, tests or analogies drawn 
therefrom, does not exceed the permissible deflection of attached distributing or resisting elements. 
See U.B.C. Standard 23-2 for a method of calculating the deflection of a blocked wood structural I 
panel diaphragm. 

Permissible deflection shall be that deflection up to which the diaphragm and any attached dis­
tributing or resisting element will maintain its structural integrity under assu ned load conditions, 
i.e., continue to support assumed loads without danger to occupants of the structure. 

Connections and anchorages capable of resisting the design forces shall be provided between the 
diaphragms and the resisting elements. Openings in diaphragms which materially affect their 
strength shall be fully detailed on the plans and shall have their edges adequately reinforced to 
transfer all shearing stresses. 

Size and shape of diaphragms shall be limited as set forth in Table 23-1-1. 

In buildings of wood-frame construction where rotation is provided for, the depth of the dia­
phragm normal to the open side shall not exceed 25 feet (7620 mm) or two :hirds the diaphragm 
width, whichever is the smaller depth. Straight sheathing shall not be permit1ed to resist shears in 
diaphragms acting in rotation. 

EXCEPTIONS: I. One-story, wood-framed structures with the depth normal to the open side not greater 
than 25 feet (7620 mm) may have a depth equal to the width. 

2. Where calculations show that diaphragm deflections can be tolerated, the depth normal to the open end 
may be increased to a depth-to-width ratio not greater than 11/z: I for diagonal sheathing or 2: I for special diag-
onal sheathed or wood structural panel or particleboard diaphragms. I 

In masonry or concrete buildings, lumber, wood structural panel and partideboard diaphragms 
shall not be considered as transmitting lateral forces by rotation. 

Diaphragm sheathing nails or other approved sheathing connectors shall be driven flush but shall 
not fracture the surface of the sheathing. 

2314.2 Diagonally Sheathed Diaphragms. 

2314.2.1 Conventional construction. Such lumber diaphragms shall be made up of l-inch (25 
mm) nominal sheathing boards laid at an angle of approximately 45 degrees to supports. Sheathing 
boards shall be directly nailed to each intermediate bearing member with not .. ess than two 8d nails 
for l-inch by 6-inch (25 mm by 152 mm) nominal boards and three 8d nails for boards 8 inches (203 
mm) or wider; and, in addition, three 8d nails and four 8d nails shall be used for 6-inch and 8-inch 
(152 mm and 203 mm) boards, respectively, at the diaphragm boundaries. End joints in adjacent 
boards shall be separated by at least one joist or stud space, and there shall be at least two boards 
between joints on the same support. Boundary members at edges of diaphragms shall be designed to 
resist direct tensile or compressive chord stresses and shall be adequately tid together at comers. 

Conventional lumber diaphragms of Douglas fir-larch or southern pine may be used to resist 
shear due to wind or seismic forces not exceeding 300 pounds per lineal foot ( 4.37 kN/m) of width. 
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The allowable strength shall be adjusted by the factors 0.82 and 0.65 where nails are used with 
sheathing and framing of Group III or IV wood species as listed in Table 23-III-J of Division III. 

2314.2.2 Special construction. Special diagonally sheathed diaphragms shall conform to con­
ventional construction and, in addition, shall have all elements designed in conf01mance with the 
provisions of this code. 

Each chord or portion thereof may be considered as a beam loaded with a unifo1m load per foot 
equal to 50 percent of the unit shear due to diaphragm action. The load shall be as mmed as acting 
normal to the chord, in the plane of the diaphragm and either toward or away from the diaphragm. 
The span of the chord, or portion thereof, shall be the distance between structural members of the 
diaphragm, such as the joists, studs and blocking, which serve to transfer the assumed load to the 
sheathing. 

Special diagonally sheathed diaphragms shall include conventional diaphragms sheathed with 
two layers of diagonal sheathing at 90 degrees to each other and on the same face c f the supporting 
members. 

Special diagonally sheathed diaphragms of Douglas fir-larch or southern pine may be used to 
resist shears due to wind or seismic loads, provided such shears do not stress the nails beyond their 
allowable safe lateral strength and do not exceed 600 pounds per lineal foot (8.75 <N/m) of width. 
The allowable strength shall be adjusted by the factors 0.82 and 0.65 where nai s are used with 
sheathing and framing of Group III or IV wood species as listed in Table 23-III-J of Division III. 

2314.3 Wood Structural Panel Diaphragms. Horizontal and vertical diaphragms sheathed with 
wood structural panels may be used to resist horizontal forces not exceeding those set forth in Table 
23-1-J-1 for horizontal diaphragms and Table 23-1-K-1 for vertical diaphragms, cr may be calcu-

l lated by principles of mechanics without limitation by using values of nail strength and wood struc­
tural panel shear values as specified elsewhere in this code. Wood structural pane Is for horizontal 
diaphragms shall be as set forth in Tables 23-1-S-1 and 23-1-S-2 for corresponding joist spacing and 
loads. Wood structural panels in shear walls shall be at least 5/16 inch (7.9 mm 1 thick for studs 
spaced 16 inches (406 mm) on center and 3/s inch (9.5 mm) thick where studs are ~paced 24 inches 
(610 mm) on center. 

I Maximum spans for wood structural panel subfloor underlayment shall be as s,~t forth in Table 
23-1-T-l. Wood structural panels used for horizontal and vertical diaphragms shall conform to 
U.B.C. Standard 23-2 or 23-3. 

All boundary members shall be proportioned and spliced where necessary tc transmit direct 
stresses. Framing members shall be at least 2-inch (51 mm) nominal in the dimension to which the 
wood structural panel is attached. In general, panel edges shall bear on the framing members and 
butt along their center lines. Nails shall be placed not less than 3/s inch (9.5 mm) in from the panel 
edge, shall be spaced not more than 6 inches (152 mm) on center along panel edge bearings, and 
shall be firmly driven into the framing members. No unblocked panels less than 12 inches (305 mm) 
wide shall be used. 

I Where the wood structural panel is applied on both faces of a shear wall in accordance with Table 
23-1-K-1, allowable shear for the wall may be taken as twice the tabulated shear for one side, except 
that where the shear capacities are not equal, the allowable shear shall be either the ! hear for the side 
with the higher capacity or twice the shear for the side with the lower capacity, whichever is greater. 

Diaphragms with panel edges supported in accordance with Tables 23-1-S-1, 23-1-S-2 and 
23-1-T-1 shall not be considered as blocked diaphragms unless blocking or other means of shear 
transfer is provided. 

2314.4 Particleboard Diaphragms. Horizontal and vertical diaphragms sheathed with particle­
board may be used to resist horizontal forces not exceeding those set forth in Table :~3-1-J-2 for hori­
zontal diaphragms and Table 23-1-K-2 for vertical diaphragms. 

All boundary members shall be proportioned and spliced where necessary tc transmit direct 
stresses. Framing members shall be at least 2-inch (51 mm) nominal in the dimension to which the 
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particleboard is attached. In general, panel edges shall bear on the framing members and butt along 
their center lines. Nails shall be placed not less than 3t8 inch (9.5 mm) in from the panel edge, shall 
be spaced not more than 6 inches (152 mm) on center along panel edge bearings, and shall be firmly 
driven into the framing members. No unblocked panels less than 12 inches (305 mm) wide shall be 
used. 

Diaphragms with panel edges supported in accordance with Tables 23-I-S·3 and 23-1-T-2 shall 
not be considered as blocked diaphragms unless blocking or other means of >hear transfer is pro­
vided. 

2314.5 Wood Shear Walls and Diaphragms in Seismic Zones 3 and 4. 

2314.5.1 Scope. Design and construction of wood shear walls and diaphragms in Seismic Zones 3 
and 4 shall conform to the requirements of this section. 

2314.5.2 Framing. Collector members shall be provided to transmit tension and compression 
forces. Perimeter members at openings shall be provided and shall be detailed to distribute the 
shearing stresses. Diaphragm sheathing shall not be used to splice these members. 

Diaphragm chords and ties shall be placed in, or tangent to, the plane of th ~ diaphragm framing 
unless it can be demonstrated that the moments, shears and deflections and dt:formations resulting 
from other arrangements can be tolerated. 

2314.5.3 Wood structural panels. Wood structural panels shall be manufactured using exterior I 
glue. 

Wood structural panel diaphragms and shear walls shall be constructed with wood structural pan­
el sheets not less than 4 feet by 8 feet (1219 mm by 2438 mm), except at boundaries and changes in 
framing where minimum sheet dimension shall be 24 inches (61 0 mm) unless 2ll edges of the under­
sized sheets are supported by framing members or blocking. 

Framing members or blocking shall be provided at the edges of all sheets in shear walls. 

Wood structural panel sheathing may be used for splicing members, other than those noted in I 
Section 2314.5.2, where the additional nailing required to develop the transfer of forces will not 
cause cross-grain bending or cross-grain tension in the nailed member. 

2314.5.4 Heavy wood panels. Diagonally sheathed panels utilizing 2-im:h (51 mm) nominal 
boards may be used to resist the same permissible shears as l-inch (25 mm) ncminallumber, except 
that 16d nails shall be used instead of 8d. 

Panels utilizing straight decking overlaid with wood structural panels may he used to resist shear I 
forces using the same shear values as permitted for the wood structural panel alone. Wood structural 
panel joints parallel to the decking shall be located at least 1 inch (25 mm) offset from any parallel 
decking joint. 

Heavy decking panels utilizing dowel pins, or vertically laminated panels connected by nailing 
units to one another, resist shear forces based on the permissible shear value> of their connectors. 

2314.5.5 Particleboard. Particleboard shall not be less than Grade 2-M-W using exterior glue. 

Particleboard diaphragms and shear walls shall be constructed of sheets not less than 4 feet by 8 
feet (1219 mm by 2438 mm) except at boundaries and changes in framing where minimum sheet 
dimension shall be 24 inches (610 mm) unless all edges of the undersized sheets are supported by 
framing members or blocking. 

Framing members or blocking shall be provided at the edges of all sheets in shear walls. 

SECTION 2315- FIBERBOARD SHEATHING DIAPHRAGMS 

Wood stud walls sheathed with fiberboard sheathing may be used to resist hmizontal forces not ex­
ceeding those set forth in Table 23-1-P. The fiberboard sheathing, 4 feet by 8 feet (1219 mm by 2438 
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mm), shall be applied vertically to wood studs not less than 2-inch (51 mm) nomi11al in thickness 
spaced 16 inches (406 mm) on center. Nailing shown in Table 23-1-P shall be provided at the perim­
eter of the sheathing board and at intermediate studs. Blocking not less than 2-inch (51 mm) nomi­
nal in thickness shall be provided at horizontal joints when wall height exceeds length of sheathing 
panel, and sheathing shall be fastened to the blocking with nails sized as shown in Table 23-1-P 
spaced 3 inches (76 mm) on centers each side of joint. Nails shall be spaced not kss than 3/8 inch 
(9.5 mm) from edges and ends of sheathing. Marginal studs of shear walls or sh!ar-resisting el­
ements shall be adequately anchored at top and bottom and designed to resist all forces. The maxi­
mum height-width ratio shall be 11/2:1. 

SECTION 2316 -WOOD COMBINED WITH MASONRY OR CONCRETE 

2316.1 Dead Load. Wood members shall not be used to permanently support the dead load of any 
masonry or concrete. 

EXCEPTIONS: I. Masonry or concrete nonstructural floor or roof surfacing not more than 4 inches (I 02 
mm) thick may be supported by wood members. 

2. Any structure may rest upon wood piles constructed in accordance with the requirements of Chapter 18 . 

3. Veneer of brick, concrete or stone applied as specified in Section 1403.6.2 may be sup Jorted by approved 
treated wood foundations when the maximum height of veneer does not exceed 30 feet (9 144 mm) above the 
foundation. Such veneer used as an interior wall finish may also be supported on wood floors which are de­
signed to support the additional load, and be designed to limit the deflection and shrinkage to 1/600 of the span 
of the supporting members. 

4. Glass block masonry having an installed weight of 20 pounds per square foot (97 .6 kgfm2) or less and 
installed with the provisions of Section 2109.5. When glass block is supported on wood floors, the floors shall 
be designed to limit deflection and shrinkage to IJ6oo of the span of the supporting members and the allowable 
stresses for the framing members shall be reduced in accordance with Section 2304.3.4, :tern I. 

2316.2 Horizontal Force. Wood members shall not be used to resist horizontal fcrces contributed 
by masonry or concrete construction in buildings over one story in height. 

EXCEPTIONS: I. Wood floor and roof members may be used in horizontal trusses and diaphragms to 
resist horizontal forces imposed by wind, earthquake or earth pressure, provided such for;es are not resisted 
by rotation of the truss or diaphragm. See Section 2314.1. 

2. Vertical wood structural panel-sheathed shear walls may be used to provide resistance to wind or earth­
quake forces in two-story buildings of masonry or concrete construction, provided the foll<•wing requirements 
are met: 

2.1 Story-to-story wall heights shall not exceed 12 feet (3658 mm). 

2.2 Horizontal diaphragms shall not be considered to transmit lateral forces by rotation or cantilever 
action. 

2.3 Deflections of horizontal and vertical diaphragms shall not permit per-story deflections of sup­
ported masonry or concrete walls to exceed 0.005 times each story height. 

2.4 Wood structural panel sheathing in horizontal diaphragms shall have all unsupported edges 
blocked. Wood structural panel sheathing for both stories of vertical diaphragms shall have all un­
supported edges blocked and for the lower story walls shall have a minimum thkkness of 15/32 inch 
(12 mm). 

2.5 There shall be no out-of-plane horizontal offsets between the first and second stories of wood struc­
tural panel shear walls. 

SECTION 2317- DECAY AND TERMITE PROTECTION 

2317.1 Preparation of Building Site. Site preparation shall be in accordance wi:h Section 3302. 

2317.2 Wood Support Embedded in Ground. Wood embedded in the ground :>r in direct con­
tact with the earth and used for the support of permanent structures shall be treated wood unless 
continuously below the groundwater line or continuously submerged in fresh watf:r. Round or rec­
tangular posts, poles and sawn timber columns supporting permanent structure~: which are em-
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bedded in concrete or masonry in direct contact with earth or embedded in :oncrete or masonry 
exposed to the weather shall be treated wood. The wood shall be treated for ground contact. 

2317.3 Under-floor Clearance. When wood joists or the bottom of wood structural floors with­
out joists are located closer than 18 inches (457 mm) or wood girders are lc,cated closer than 12 
inches (305 mm) to exposed ground in crawl spaces or unexcavated areas located within the periph­
ery of the building foundation, the floor assembly, including posts, girders, joi:;ts and subfloor, shall 
be approved wood of natural resistance to decay as listed in Section 2317.4 or treated wood. 

When the above under-floor clearances are required, the under-floor area shall be accessible. Ac­
cessible under-floor areas shall be provided with a minimum 18-inch by 24-inch (457 mm by 610 
mm) opening unobstructed by pipes, ducts and similar construction. All und•!r-floor access open­
ings shall be effectively screened or covered. Pipes, ducts and other construction shall not interfere 
with the accessibility to or within under-floor areas. 

2317.4 Plates, Sills and Sleepers. All foundation plates or sills and sleepers on a concrete or ma­
sonry slab, which is in direct contact with earth, and sills which rest on concrete or masonry founda­
tions, shall be treated wood or Foundation redwood, all marked or branded by an approved agency. 
Foundation cedar or No. 2 Foundation redwood marked or branded by an approved agency may be 
used for sills in territories subject to moderate hazard, where termite damage is not frequent and 
when specifically approved by the building official. In territories where hazarc of termite damage is 
slight, any species of wood permitted by this code may be used for sills when specifically approved 
by the building official. 

2317.5 Columns and Posts. Columns and posts located on concrete or mamnry floors or decks 
exposed to the weather or to water splash or in basements and which support permanent structures 
shall be supported by concrete piers or metal pedestals projecting above floors unless approved 
wood of natural resistance to decay or treated wood is used. The pedestals shall project at least 
6 inches (152 mm) above exposed earth and at least 1 inch (25 mm) above wch floors. 

Individual concrete or masonry piers shall project at least 8 inches (203 mm) above exposed 
ground unless the columns or posts which they support are of approved woocl of natural resistance 
to decay or treated wood is used. 

2317.6 Girders Entering Masonry or Concrete Walls. Ends of wood gircers entering masonry 
or concrete walls shall be provided with a 1/2-inch (13 mm) air space on tops, sides and ends unless 
approved wood of natural resistance to decay or treated wood is used. 

2317.7 Under-floor Ventilation. Under-floor areas shall be ventilated by an approved mechani-~ 
cal means or by openings into the under-floor area walls. Such openings shall have a net area of not 
less than 1 square foot for each 150 square feet (0.067m2 for each 10m2) of under-floor area. Open­
ings shall be located as close to comers as practical and shall provide cross ventilation. The required 
area of such openings shall be approximately equally distributed along the length of at least two 
opposite sides. They shall be covered with corrosion-resistant wire mesh with mesh openings of 
1/4 inch (6.4 mm) in dimension. Where moisture due to climate and groundv. ater conditions is not 
considered excessive, the building official may allow operable louvers and may allow the required 
net area of vent openings to be reduced to 10 percent of the above, provided the under-floor ground 
surface area is covered with an approved vapor retarder. 

2317.8 Wood and Earth Separation. Protection of wood against deterioration as set forth in the 
previous paragraphs for specified applications is required. In addition, wood used in construction of 
permanent structures and located nearer than 6 inches ( 152 mm) to earth sh<<ll be treated wood or 
wood of natural resistance to decay, as defined in Section 2302.1. Where located on concrete slabs 
placed on earth, wood shall be treated wood or wood of natural resistance to decay. Where not sub­
ject to water splash or to exterior moisture and located on concrete having a minimum thickness of 
3 inches (76 mm) with an impervious membrane installed between concrete and earth, the wood 
may be untreated and of any species. 
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Where planter boxes are installed adjacent to wood frame walls, a 2-inch-wide (51 mm) air space 
shall be provided between the planter and the wall. Flashings shall be installed when the air space is 
less than 6 inches (152 mm) in width. Where flashing is used, provisions shall be made to permit 
circulation of air in the air space. The wood-frame wall shall be provided with an e>Jerior wall cov­
ering conforming to the provisions of Section 2320. 

2317.9 Wood Supporting Roofs and Floors. Wood structural members suppc,rting moisture­
permeable floors or roofs which are exposed to the weather, such as concrete or masonry slabs, shall 
be approved wood of natural resistance to decay or treated wood unless separated from such floors 
or roofs by an impervious moisture barrier. 

2317.10 Moisture Content of Treated Wood. When wood pressure treated with a water-borne 
preservative is used in enclosed locations where drying in service cannot readily occur, such wood 
shall be at a moisture content of 19 percent or less before being covered with insulation, interior 
wall finish, floor covering or other material. 

2317.11 Retaining Walls. Wood used in retaining or crib walls shall be treated wood. 

2317.12 Weather Exposure. In geographical areas where experience has demonstrated a spe­
cific need, approved wood of natural resistance to decay or treated wood shall be used for those 
portions of wood members which form the structural supports of buildings, balconies, porches or 
similar permanent building appurtenances when such members are exposed to the weather without 
adequate protection from a roof, eave, overhang or other covering to prevent mois1ure or water ac­
cumulation on the surface or at joints between members. Depending on local experience, such 
members may include horizontal members such as girders, joists and decking; or vertical members 
such as posts, poles and columns; or both horizontal and vertical members. 

2317.13 Water Splash. Where wood-frame walls and partitions are covered on :he interior with 
plaster, tile or similar materials and are subject to water splash, the framing shall be protected with 
approved waterproof paper conforming to Section 1402.1. 

SECTION 2318 - WALL FRAMING 

The framing of exterior and interior walls shall be in accordance with provisions ~pecified in Sec­
tion 2326 unless a specific design is furnished. 

Wood stud walls and bearing partitions shall not support more than two floors anc. a roof unless an 
analysis satisfactory to the building official shows that shrinkage of the wood framing will not have 
adverse effects on the structure or any plumbing, electrical or mechanical systems, or other equip­
ment installed therein due to excessive shrinkage or differential movements caused by shrinkage. 
The analysis shall also show that the roof drainage system and the foregoing systems or equipment 
will not be adversely affected or, as an alternate, such systems shall be designed to accommodate the 
differential shrinkage or movements. 

SECTION 2319 - FLOOR FRAMING 

Wood-joisted floors shall be framed and constructed and anchored to supporting wood stud or ma­
sonry walls as specified in Chapter 16. 

Fire block and draft stops shall be in accordance with Section 708. 

SECTION 2320 - EXTERIOR WALL COVERINGS 

2320.1 General. Exterior wood stud walls shall be covered on the outside with the materials and 
in the manner specified in this section or elsewhere in this code. Studs or sheathing shall be covered 
on the outside face with a weather-resistive barrier when required by Section 1402.1. Exterior wall 
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coverings of the minimum thickness specified in this section are based on a maximum stud spacing 
of 16 inches (406 mm) unless otherwise specified. 

2320.2 Siding. Solid wood siding shall have an average thickness of 3/8 inch (9.5 mm) unless 
placed over sheathing permitted by this code. 

Siding patterns known as rustic, drop siding or shiplap shall have an averagf thickness in place of 
not less than 19/32 inch (15 mm) and shall have a minimum thickness of not less than 3J8 inch (9.5 
mm). Bevel siding shall have a minimum thickness measured at the butt section of not Jess than 7116 
inch (II mm) and a tip thickness of not less than 3/16 inch (4.8 mm). Siding of lesser dimensions 
may be used, provided such wall covering is placed over sheathing which conforms to the provi­
sions specified elsewhere in this code. 

All weatherboarding or siding shall be securely nailed to each stud with not less than one nail, or 
to solid l-inch (25 mm) nominal wood sheathing or 15/32-inch (12 mm) wood structural panel I 
sheathing or 1/z-inch (13 mm) particleboard sheathing with not less than one line of nails spaced not 
more than 24 inches (61 0 mm) on center in each piece of the weatherboardi:1g or siding. 

Wood board sidings applied horizontally, diagonally or vertically shall be fastened to studs, nail­
ing strips or blocking set at a maximum 24 inches (610 mm) on center. Fasteners shall be nails or 
screws with a penetration of not Jess than 11/2 inches (38 mm) into studs, stud~; and wood sheathing 
combined, or blocking. Distance between such fastenings shall not exceed 24 inches (61 0 mm) for 
horizontally or vertically applied sidings and 32 inches (813 mm) for diagonally applied sidings. 

2320.3 Plywood. When plywood is used for covering the exterior of outside walls, it shall be of 
the exterior type not less than 3J8 inch (9.5 mm) thick. Plywood panel siding shall be installed in 
accordance with Table 23-I-M-1. Unless applied over l-inch (25 mm) wood sheathing or 15/32-inch 
(12 mm) wood structural panel sheathing or 1 /z-inch (13 mm) particleboard sheathing, joints shall I 
occur over framing members and shall be protected with a continuous wood batten, approved 
caulking, flashing, vertical or horizontal shiplaps; or joints shall be lapped horizontally or other­
wise made waterproof. 

2320.4 Shingles or Shakes. Wood shingles or shakes and asbestos cement :;hingles may be used 
for exterior wall covering, provided the frame of the structure is covered with building paper as 
specified in Section 1402.1. All shingles or shakes attached to sheathing other than wood sheathing 
shall be secured with approved corrosion-resistant fasteners or on furring ~;trips attached to the 
studs. Wood shingles or shakes may be applied over fiberboard shingle backer and sheathing with 
annular grooved nails. The thickness of wood shingles or shakes between wood nailing boards shall 
not be less than 3fs inch (9.5 mm). Wood shingles or shakes and asbestos shingles or siding may be 
nailed directly to approved fiberboard nailbase sheathing not less than 1/z-inch (13 mm) nominal 
thickness with annular grooved nails. 

The weather exposure of wood shingle or shake siding used on exterior walls shall not exceed 
maximums set forth in Table 23-I-L. 

2320.5 Particleboard. When particleboard is used for covering the exteri Jr of outside walls it 
shall be of the Exterior Type 2-M grades conforming to U.B.C. Standard 23-4. Particleboard panel 
siding shall be installed in accordance with Table 23-I-M-2 and Table 23 .. !-Q. Panels shall be 
gapped 1/s inch (3.2 mm) and nails shall be spaced not less than 3/s inch (9.5 mm) from edges and 
ends of sheathing. Unless applied over 5/s-inch (16 mm) net wood sheathin~; or 1/z-inch (13 mm) 
plywood sheathing or 1/z-inch (13 mm) particleboard sheathing, joints shall occur over framing 
members and shall be covered with a continuous wood batt; or joints shall be lapped horizontally or 
otherwise made waterproof to the satisfaction of the building official. Partickboard shall be sealed 
and protected with exterior quality finishes. 

2320.6 Hardboard. When hardboard siding is used for covering the outside of exterior walls, it 
shall conform to Table 23-I-0. Lap siding shall be installed horizontally and applied to sheathed or 
unsheathed walls. Comer bracing shall be installed in conformance with Section 2326.11.3. A 
weather-resistive barrier shall be installed under the lap siding as required by Section 1402.1. 
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Square-edged nongrooved panels and shiplap grooved or nongrooved siding shall be applied ver­
tically to sheathed or unsheathed walls. Siding that is grooved shall not be less than 1/4 inch (6.4 
mm) thick in the groove. 

Nail size and spacing shall follow Table 23-1-0 and shall penetrate framing 11h inches (38 mm). 
Lap siding shall overlap 1 inch (25 mm) minimum and be nailed through both courses and into 
framing members with nails located 1h inch (13 mm) from bottom of the overlapped course. 
Square-edged nongrooved panels shall be nailed 318 inch (9.5 mm) from the perimeter of the panel 
and intermediately into studs. Shiplap edge panel siding with 3/g-inch (9.5 mm) :;hiplap shall be 
nailed 3t8 inch (9.5 mm) from the edges on both sides of the shiplap. The 3/4-inch (19 mm) shiplap 
shall be nailed 3t8 inch (9.5 mm) from the edge and penetrate through both the overlap and underlap. 
Top and bottom edges of the panel shall be nailed 3/g inch (9.5 mm) from the edge. Shiplap and lap 
siding shall not be force fit. Square-edged panels shall maintain a 1/16-inch (1.6 mm) gap at joints. 
All joints and edges of siding shall be over framing members, and shall be made resistant to weather 
penetration with battens, horizontal overlaps or ship laps to the satisfaction of the building official. 
A 1/8-inch (3.2 mm) gap shall be provided around all openings. 

2320.7 Nailing. All fasteners used for the attachment of siding shall be of a corrosion-resistant 
type. 

I 
SECTION 2321 - INTERIOR PANELING 

All softwood wood structural panels shall conform with the provisions of Chapter 8 and shall be 
installed in accordance with Table 23-1-Q. Panels shall comply with U.B.C. Standard 23-3. 

SECTION 2322 - SHEATHING 

2322.1 Structural Floor Sheathing. Structural floor sheathing shall be designed in accordance 
with the general provisions of this code and the special provisions in this section 

Sheathing used as subflooring shall be designed to support all loads specified in this code and 
shall be capable of supporting concentrated loads of not less than 300 pounds ( 1334 N) without fail­
ure. The concentrated load shall be applied by a loaded disc, 3 inches (76 mm) or :;maller in diam­
eter. 

Flooring, including the finish floor, underlayment and subfloor, where used, shall meet the fol­
lowing requirements: 

Deflection under uniform design load limited to 11360 of the span between mpporting joists 
or beams. 

Deflection of flooring relative to joists under a l-inch-diameter (25 mm) concentrated load 
of 200 pounds (890 N) limited to 0.125 inch (3.2 mm) or less when loaded midway between 
supporting joists or beams not over 24 inches (610 mm) on center and 1/360 of the span for spans 
over 24 inches (610 mm). 

Floor sheathing conforming to the provisions of Table 23-1-R-1, 23-1-R-2, 23-1-S-1, 23-1-T-1 or 
23-1-T-2 shall be deemed to meet the requirements of this section. 

2322.2 Structural Roof Sheathing. Structural roof sheathing shall be designed in accordance 
with the general provisions of this code and the special provisions in this section. Structural roof 
sheathing shall be designed to support all loads specified in this code and shall be capable of sup­
porting concentrated loads of not less than 300 pounds (1334 N) without failure. 1be concentrated 
load shall be applied by a loaded disc, 3 inches (76 mm) or smaller in diameter Structural roof 
sheathing shall meet the following requirement: 
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Roof sheathing conforming to the provisions of Tables 23-1-R-1 and 23-1-R-2 or 23-1-S-1 and 
23-1-S-2 or 23-1-S-3 shall be deemed to meet the requirements of this section. 

Wood structural panel roof sheathing shall be bonded by intermediate or exterior glue. Wood I 
structural panel roof sheathing exposed on the underside shall be bonded with exterior glue. 

SECTION 2323- MECHANICALLY LAMINATED FLOORS AND DECKS 

A laminated lumber floor or deck built up of wood members set on edge, when meeting the follow­
ing requirements, may be designed as a solid floor or roof deck of the same thtckness, and continu­
ous spans may be designed on the basis of the full cross section using the ~•imple span moment 
coefficient. 

Nail length shall not be less than two and one-half times the net thicknes~: of each lamination. 
When deck supports are 4 feet ( 1219 mm) on center or less, side nails shall be spaced not more than 
30 inches (762 mm) on center and staggered one third of the spacing in adjacent laminations. When 
supports are spaced more than 4 feet (1219 mm) on center, side nails shall be >paced not more than 
18 inches ( 457 mm) on center alternately near top and bottom edges, and also ~•taggered one third of 
the spacing in adjacent laminations. Two side nails shall be used at each end of butt-jointed pieces. 

Laminations shall be toenailed to supports with 20d or larger common nails. When the supports 
are 4 feet (1219 mm) on center or less, alternate laminations shall be toenailed to alternate supports; 
when supports are spaced more than 4 feet (1219 mm) on center, alternate laminations shall be toe­
nailed to every support. 

A single-span deck shall have all laminations full length. 

A continuous deck of two spans shall not have more than every fourth lamination spliced within 
quarter points adjoining supports. 

Joints shall be closely butted over supports or staggered across the deck bm within the adjoining 
quarter spans. 

No lamination shall be spliced more than twice in any span. 

SECTION 2324 - POST-BEAM CONNECTIONS 

Where post and beam or girder construction is used, the design shall be in accordance with the pro­
visions of this code. Positive connection shall be provided to ensure against uplift and lateral dis­
placement. 

SECTION 2325 - FASTENINGS 

2325.1 Nailing Requirements. The number and size of nails connecting wood members shall not 
be less than that set forth in Table 23-1-Q. Other connections shall be fastened so as to provide 
equivalent strength. End and edge distances and nail penetrations shall be in accordance with the 
applicable provisions of Section 2311. Fasteners required to be corrosion re>istant shall be either 
zinc-coated fasteners, aluminum alloy wire fasteners or stainless steel fasteners. 

2325.2 Joist Hangers and Framing Anchors. Connections depending on joist hangers or fram­
ing anchors, ties and other mechanical fastenings not otherwise covered may be used where ap­
proved. 

SECTION 2326 - CONVENTIONAL LIGHT-FRAME CONSTRUCTION PROVISIONS I 
2326.1 General. The requirements in this section are intended for conventional, light-frame 
construction. Other methods may be used provided a satisfactory design is submitted showing com­
pliance with other provisions of this code. 
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Only the following occupancies may be constructed in accordance with Section 2326: 

1. One-, two- or three-story buildings housing Group R Occupancies. 

2. One-story Occupancy Category 4 buildings, as defined in Table 16-K, when constructed on a 
slab-on-grade floor. 

3. Group U Occupancies. 

4. Top-story walls and roofs of Occupancy Category 4 buildings not exceeding two stories of 
wood framing. 

5. Interior nonload-bearing partitions, ceilings and curtain walls in all occupan:ies. 

When total loads exceed those specified in Tables 23-I-V-J-1, 23-I-V-J-3, and 23-I-V-R-1, 
23-I-V-R-2, 23-I-V-R-3, 23-I-V-R-4, 23-I-V-R-7, 23-I-V-R-8, 23-1-V-R-9. 23-1-V-R-10, 
23-1-V-R-11 and 23-1-V-R-12; 23-V-R-1, 23-V-R-3, 23-V-R-7, 23-V-R-9, 23-VI-A, 23-VI-B, 
23-VI-C, 23-VI-D, an engineering design shall be provided for the gravity load system. 

Other approved repetitive wood members may be used in lieu of solid-sawn lumber in conven­
tional construction provided these members comply with the provisions of this code. 

2326.2 Design of Portions. When a building of otherwise conventional construction contains 
nonconventional structural elements, those elements shall be designed in accorda~ ce with Section 
1603.3. 

2326.3 Additional Requirements for Conventional Construction in High-wind Areas. Ap­
pendix Chapter 23 provisions for conventional construction in high-wind areas shall apply when 
specifically adopted. 

2326.4 Additional Requirements for Conventional Construction in Seismk Zones 0, 1, 2 
and3. 

2326.4.1 Braced wall lines. Where the basic wind speed is not greater than 80 miles per hour 
(mph) (129 km/h), buildings shall be provided with exterior and interior braced wall lines. Spacing 
shall not exceed 34 feet (10 363 mm) on center in both the longitudinal and transverse directions in 
each story. 

2326.4.2 Braced wall lines for high wind. Where the basic wind speed exceeds 80 mph (129 
km/h), buildings shall be provided with exterior and interior braced wall lines. Spacing shall not 
exceed 25 feet (7620 mm) on center in both the longitudinal and transverse directions in each story. 

EXCEPTION: In one- and two-story Group R, Division 3 buildings, interior braced wdlline spacing may 
be increased to not more than 34 feet (10 363 mm) on center in order to accommodate one single room per 
dwelling unit not exceeding 900 square feet (83.61 m2). The building official may require additional walls to 
contain braced panels when this exception is used. 

2326.4.3 Veneer. Anchored masonry and stone wall veneer shall not exceed 5 inches (127 mm) in 
thickness and shall conform to the requirements of Chapter 14. 

2326.4.4 Unusually shaped buildings. When of unusual shape as defined in Section 2326.5.4, 
buildings of light-frame construction located in Seismic Zone 3 shall have a lateral-force-resisting 
system designed to resist the forces specified in Chapter 16. 

2326.5 Additional Requirements for Conventional Construction in Seismic :lone 4. 

2326.5.1 Braced wall lines. Buildings shall be provided with exterior and interior braced wall 
lines. Spacing shall not exceed 25 feet (7620 mm) on center in both the longitudinal and transverse 
directions in each story. 
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2326.5.2 Lateral-force-resisting system. When total loads supported on wood framing exceed 
those specified in Tables 23-1-V-J-1, 23-1-V-J-3, 23-1-V-R-1, 23-1-V-R-2, 23-1-V-R-3, 23-1-V-R-4, 
23-1-V-R-7, 23-1-V-R-8, 23-1-V-R-9 and 23-1-V-R-10, 23-V-R-1. 23-V-R-3, 23-V-R-7, 23-V-R-9, 
23-VI-A, 23-VI-B, 23-VI-C and 23-VI-D, an engineering design shall be pmvided for the lateral­
force-resisting system. 

2326.5.3 Veneer. Anchored masonry and stone wall veneer shall not exceed 5 inches in thickness, 
shall conform to the requirements of Chapter 14 and shall not extend above the first story. 

2326.5.4 Unusually shaped buildings. When of unusual shape, buildings of light-frame 
construction shall have a lateral-force-resisting system designed to resist the forces specified in 
Chapter 16. One or more of the following shall be considered to constitute an unusual shape: 

2326.5.4.1 When exterior braced wall panels, as required by Section 2326.11.3, are not in one 
plane vertically from the foundation to the uppermost story in which they are required. 

EXCEPTION: Floors with cantilevers or setbacks not exceeding four times the nominal depth of the floor 
joists may support braced wall panels provided: 

I. Floor joists are 2 inches by 10 inches (51 mm by 254 mm) or larger and spaced at not more than 
16 inches ( 406 mm) on center. 

2. The ratio of the back span to the cantilever is at least 2 to I. 
3. Floor joists at ends of braced wall panels are doubled. 
4. A continuous rim joist is connected to ends of all cantilevered joists. The rim joist may be spliced using 

a metal tie not less than 0.058 inch ( 1.47 mm) (16 galvanized gage) and ! 1/2 mches (38 mm) wide fas­
tened with six 16d nails. 

5. Gravity loads carried at the end of cantilevered joists are limited to uniform wall and roof load and the 
reactions from headers having a span of 8 feet (2438 mm) or less. 

2326.5.4.2 When a section of floor or roof is not laterally supported by braced wall lines on all 
edges. 

EXCEPTION: Portions of roofs or floors which do not support braced wall panels above may extend up 
to 6 feet (1829 mm) beyond a braced wall line. 

2326.5.4.3 When the end of a required braced wall panel extends more than 1 foot (305 mm) 
over an opening in the wall below. This provision is applicable to braced wall panels offset in 
plane and to braced wall panels offset out of plane as permitted by Section 2326.5.4.1, exception. 

EXCEPTION: Braced wall panels may extend over an opening not more than 8 feet (2438 mm) in width 
when the header is a 4-inch by 12-inch (102 mm by 305 mm) or larger member. 

2326.5.4.4 When an opening in a floor or roof exceeds the lesser of 12 feet (3657 mm) or 50 
percent of the least floor or roof dimension. 

2326.5.4.5 Construction where portions of a floor level are vertically offset such that the fram­
ing members on either side of the offset cannot be lapped or tied together ir an approved manner 
as required by Section 2326.8.3. 

EXCEPTION: Framing supported directly by foundations. 

2326.5.4.6 When braced wall lines do not occur in two perpendicular directions. 

2326.5.4. 7 Other configurations which, in the opinion of the building official, create irregulari­
ties or discontinuities which are not addressed by Section 2326. 

2326.5.5 Lumber roof decks. Lumber roof decks shall have solid sheathing. 

2326.5.6 Interior braced wall support. In one-story buildings, interior bra;ed wall lines shall be 
supported on continuous foundations at intervals not exceeding 50 feet (15 240 mm). In buildings 
more than one story in height, all interior braced wall panels shall be supported on continuous 
foundations. 
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EXCEPTION: Two-story buildings may have interior braced wall lines supported on continuous founda­
tions at intervals not exceeding 50 feet (15 240 mm) provided: 

I. Cripple wall height does not exceed 4 feet (1219 mm). 

2. First-floor braced wall panels are supported on doubled floor joists, continuous blocking or floor 
beams. 

3. Distance between bracing lines does not exceed twice the building width parallel to the braced wall 
line. 

2326.6 Foundation Plates or Sills. Foundations and footings shall be as specified in Chapter 18. 
Foundation plates or sills resting on concrete or masonry foundations shall be bolted as required by 
Section 1806.6. 

1
2326.7 Girders. Girders for single-story construction or girders supporting loads from a single 
floor shall not be less than 4 inches by 6 inches (1 02 mm by 153 mm) for spans 6 feet (1829 mm) or 
less, provided that girders are spaced not more than 8 feet (2438 mm) on center. Other girders shall 
be designed to support the loads specified in this code. Girder end joints shall occur over supports. 
When a girder is spliced over a support, an adequate tie shall be provided. The end of beams or gird-
ers supported on masonry or concrete shall not have less than 3 inches (76 mm) of bearing. 

2326.8 Floor Joists. 

I 2326.8.1 General. Spans for joists shall be in accordance with Tables 23-1-V-J-1 and 23-1-V-J-2. 

2326.8.2 Bearing. Except where supported on a l-inch by 4-inch (25 mm by I 02 mm) ribbon strip 
and nailed to the adjoining stud, the ends of each joist shall not have less than ! 1/2 in:hes (38 mm) of 
bearing on wood or metal, or less than 3 inches (76 mm) on masonry. 

2326.8.3 Framing details. Joists shall be supported laterally at the ends and at each support by 
solid blocking except where the ends of joists are nailed to a header, band or rim jois: or to an adjoin­
ing stud or by other approved means. Solid blocking shall not be less than 2 inches (~;1 mm) in thick­
ness and the full depth of joist. 

Notches on the ends of joists shall not exceed one fourth the joist depth. Holes bmed in joists shall 
not be within 2 inches (51 mm) of the top or bottom of the joist, and the diameter of any such hole 
shall not exceed one third the depth of the joist. Notches in the top or bottom of joists shall not ex­
ceed one sixth the depth and shall not be located in the middle third of the span. 

Joist framing from opposite sides of a beam, girder or partition shall be lapped at least 3 inches or 
the opposing joists shall be tied together in an approved manner. 

Joists framing into the side of a wood girder shall be supported by framing anchors or on ledger 
strips not less than 2 inches by 2 inches (51 mm by 51 mm). 

2326.8.4 Framing around openings. Trimmer and header joists shall be doubled, or of lumber of 
equivalent cross section, when the span of the header exceeds 4 feet (1219 mm). The ends of header 
joists more than 6 feet (1829 mm) long shall be supported by framing anchors or joi:;t hangers unless 
bearing on a beam, partition or wall. Tail joists over 12 feet (3658 mm) long shall be supported at 
header by framing anchors or on ledger strips not less than 2 inches by 2 inches (51 mm by 51 mm). 

2326.8.5 Supporting bearing partitions. Bearing partitions perpendicular to joists shall not be 
offset from supporting girders, walls or partitions more than the joist depth. 

Joists under and parallel to bearing partitions shall be doubled. 

2326.8.6 Blocking. Floor joists shall be blocked when required by the provisions of Sections 
2306.7 and 2326.8.3. 

2326.9 Subflooring. 

2326.9.1 Lumber subfloor. Sheathing used as a structural subfloor shall conf01m to the limita­
tions set forth in Tables 23-1-R-1 and 23-1-R-2. 
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Joints in subflooring shall occur over supports unless end-matched lumber i:; used, in which case 
each piece shall bear on at least two joists. 

Subflooring may be omitted when joist spacing does not exceed 16 inches (406 mm) and l-inch 
(25 mm) nominal tongue-and-groove wood strip flooring is applied perpendicular to the joists. 

2326.9.2 Wood structural panels. Where used as structural subflooring, wood structural panels I 
shall be as set forth in Tables 23-1-S-1 and 23-1-S-2. Wood structural panel combination subfloor 
underlayment shall have maximum spans as set forth in Table 23-1-T-1. 

When wood structural panel floors are glued to joists with an adhesive in accordance with the 
adhesive manufacturer's directions, fasteners may be spaced a maximum of 1~. inches (305 mm) on 
center at all supports. 

2326.9.3 Plank flooring. Plank flooring shall be designed in accordance with the general provi­
sions of this code. 

In lieu of such design, 2-inch (51 mm) tongue-and-groove planking may b~ used in accordance 
with Table 23-1-U. Joints in such planking may be randomly spaced, provided the system is applied 
to not less than three continuous spans, planks are center-matched and end-mat~hed or splined, each 
plank bears on at least one support and joints are separated by at least 24 inches (610 mm) in adja­
cent pieces. One-inch nominal strip square-edged flooring, 1/ 2-inch (13 mm) tongue-and-groove 
flooring, 3J8-inch (9.5 mm) wood structural panel or 3J8-inch (9.5 mm) Type 2-\1 particleboard shall I 
be applied over random-length decking used as a floor. The strip and tongue--and-groove flooring 
shall be applied at right angles to the span of the planks. The 3J8-inch (9.5 mm) plywood shall be 
applied with the face grain at right angles to the span of the planks. 

2326.9.4 Particleboard. Where used as structural subflooring or as combined subfloor underlay­
ment, particleboard shall be as set forth in Table 23-1-T-2. 

2326.10 Particleboard Underlayment. Particleboard floor underlayment shall conform to Type 
1-M or to sanded Type 2-M-W grades of U.B.C. Standard 23-4. Underlayment shall not be less than 
1/4 inch (6.4 mm) in thickness and shall be identified by the grade mark of an approved inspection 
agency. Underlayment shall be installed in accordance with this code and as recommended by the 
manufacturer. 

2326.11 Wall Framing. 

2326.11.1 Size, height and spacing. The size, height and spacing of studs shall be in accordance 
with Table 23-1-R-3 except that Utility grade studs shall not be spaced morE than 16 inches (406 
mm) on center, or support more than a roof and ceiling, or exceed 8 feet (2438 mm) in height for 
exterior walls and load-bearing walls or 10 feet (3048 mm) for interior nonload-bearing walls. 

2326.11.2 Framing details. Studs shall be placed with their wide dimension perpendicular to the 
wall. Not less than three studs shall be installed at each comer of an exterior wall. 

EXCEPTION: At comers, a third stud may be omitted through the use of wood spacers or backup cleats 
of3/g-inch-thick (9.5 mm) wood structural panel, 3/g-inch (9.5 mm) Type 2-M particleboard, l-inch-thick (25 I 
mm) lumber or other approved devices which will serve as an adequate backing for the attachment of facing 
materials. Where fire-resistance ratings or shear values are involved, wood spacers, backup cleats or other de­
vices shall not be used unless specifically approved for such use. 

Bearing and exterior wall studs shall be capped with double top plates installed to provide over­
lapping at comers and at intersections with other partitions. End joints in dou Jle top plates shall be 
offset at least 48 inches (2438 mm). 

EXCEPTION: A single top plate may be used, provided the plate is adequately tied at joints, corners and 
intersecting walls by at least the equivalent of 3-inch by 6-inch (76 mm by !52 mm> by 0.036-inch-thick (0.9 
mm) galvanized steel that is nailed to each wall or segment of wall by six Sd nails or equivalent, provided the 
rafters, joists or trusses are centered over the studs with a tolerance of no more than I inch (25 mm). 

When bearing studs are spaced at 24-inch (610 mm) intervals and top plates are less than two 
2-inch by 6-inch (51 mm by 152 mm) or two 3-inch by 4-inch (76 mm by 102 mm) members and 
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when the floor joists, floor trusses or roof trusses which they support are spaced at more than 
16-inch (406 mm) intervals, such joists or trusses shall bear within 5 inches (127 mm) of the studs 
beneath or a third plate shall be installed. 

Interior nonbearing partitions may be capped with a single top plate installed to provide overlap­
ping at comers and at intersections with other walls and partitions. The plate shall be continuously 
tied at joints by solid blocking at least 16 inches (406 mm) in length and equal in si1.e to the plate or 
by 1/8-inch by 11/ 2-inch (3.2 mm by 38 mm) metal ties with spliced sections fastened with two 16d 
nails on each side of the joint. 

Studs shall have full bearing on a plate or sill not less than 2 inches (51 mm) in thickness having a 
width not less than that of the wall studs. 

1

2326.11.3 Bracing. Braced wall lines shall consist of braced wall panels which meet the require­
ments for location, type and amount of bracing specified in Table 23-1-W and are in line or offset 
from each other by not more than 4 feet ( 1219 mm). Braced wall panels shall start at not more than 
8 feet (2438 mm) from each end of a braced wall line. All braced wall panels shall be clearly indi­
cated on the plans. Construction of braced wall panels shall be by one of the following methods: 

I. Nominal l-inch by 4-inch (25 mm by 102 mm) continuous diagonal braces let into top and 
bottom plates and intervening studs, placed at an angle not more than 60 degrees or less than 45 
degrees from the horizontal, and attached to the framing in conformance with Table 23-1-Q. 

2. Wood boards of 5t8-inch (16 mm) net minimum thickness applied diagonally on studs spaced 
not over 24 inches (610 mm) on center. 

I 3. Wood structural panel sheathing with a thickness not less than 5t 16 inch (7.9 mm) for 16-inch 
(406 mm) stud spacing and not less than 318 inch (9.5 mm) for 24-inch (610 mm) stud spacing in 
accordance with Tables 23-1-M-1 and 23-1-N-1. 

4. Fiberboard sheathing 4-foot by 8-foot (1219 mm by 2438 mm) panels not less :han 1 h inch (13 
mm) thick applied vertically on studs spaced not over 16 inches ( 406 mm) on center when installed 
in accordance with Section 2315 and Table 23-1-P. 

5. Gypsum board [sheathing 1/2 inch (13 mm) thick by 4 feet (1219 mm) wide, wallboard or ve­
neer base] on studs spaced not over 24 inches (61 0 mm) on center and nailed at 7 inches (178 mm) 
on center with nails as required by Table 25-1. 

6. Particleboard wall sheathing panels where installed in accordance with Table 23-1-N-2. 

7. Portland cement plaster on studs spaced 16 inches (406 mm) on center installed in accordance 
with Table 25-1. 

8. Hardboard panel siding when installed in accordance with Section 2320.6 a11d Table 23-1-0. 

For methods 2, 3, 4, 6, 7 and 8, each braced wall panel must be at least 48 inches (1219 mm) in 
length, covering three stud spaces where studs are 16 inches (406 mm) apart and covering two stud 
spaces where studs are spaced 24 inches (610 mm) apart. 

For method 5, each braced wall panel must be at least 96 inches (2438 mm) in length when 
applied to one face of a braced wall panel and 48 inches (1219 mm) when applied to both faces. 

All vertical joints of panel sheathing shall occur over studs. Horizontal joints :;hall occur over 
blocking equal in size to the studding except where waived by the installation requirements for the 
specific sheathing materials. 

Braced wall panel sole plates shall be nailed to the floor framing and top plates shall be connected 
to the framing above in accordance with Table 23-1-Q. Sills shall be bolted to the foundation or slab 
in accordance with Section 1806.6. Where joists are perpendicular to braced wall lines above, 
blocking shall be provided under and in line with the braced wall panels. 

2326.11.4 Alternate braced wall panels. Any braced wall panel required by Section 2326.11.3 
may be replaced by an alternate braced wall panel constructed in accordance with the following: 
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I. In one-story buildings, each panel shall have a length of not less than 2 feet 8 inches (813 mm) 
and a height of not more than 10 feet (3048 mm). Each panel shall be sheathed on one face with 
3/g-inch-minimum-thickness (9.5 mm) plywood sheathing nailed with 8d common or galvanized 
box nails in accordance with Table 23-I-Q and blocked at all plywood edges. Two anchor bolts 
installed in accordance with Section 1806.6, shall be provided in each panel. Anchor bolts shall be 
placed at panel quarter points. Each panel end stud shall have a tie-down dt~vice fastened to the 
foundation, capable of providing an approved uplift capacity of not less than 1 ,800 pounds 
(816.5 kg). The tie-down device shall be installed in accordance with the manufacturer's recom­
mendations. The panels shall be supported directly on a foundation or on floor framing supported 
directly on a foundation which is continuous across the entire length of the braced wall line. This 
foundation shall be reinforced with not less than one No. 4 bar top and bottom. 

2. In the first story of two-story buildings, each braced wall panel shall b~ in accordance with 
Section 2326.11.4, Item 1, except that the plywood sheathing shall be provided on both faces, three 
anchor bolts shall be placed at one-fifth points, and tie-down device uplift capacity shall not be less 
than 3,000 pounds (1360.8 kg). 

2326.11.5 Cripple walls. Foundation cripple walls shall be framed of stud1: not less in size than 
the studding above with a minimum length of 14 inches (356 mm), or shall be framed of solid block­
ing. When exceeding 4 feet (1219 mm) in height, such walls shall be framed of studs having the size 
required for an additional story. 

Such walls having a stud height exceeding 14 inches (356 mm) shall be considered to be 
first-story walls for the purpose of determining the bracing required by Sec1 ion 2326.11.3. Solid 
blocking or wood structural panel sheathing may be used to brace cripple wall> having a stud height 
of 14 inches (356 mm) or less. 

Spacing of boundary nailing for required wall bracing shall not exceed 6 inches ( 152 mm) on 
center along the foundation plate and the top plate of the cripple wall. Nail size nail spacing for field 
nailing and more restrictive boundary nailing requirements shall be as requ tred elsewhere in the 
code for the specific bracing material used. 

2326.11.6 Headers. Headers and lintels shall conform to the requirements set forth in this para­
graph and together with their supporting systems shall be designed to support the loads specified in 
this code. All openings 4 feet (1219 mm) wide or less in bearing walls shall be provided with head­
ers consisting of either two pieces of 2-inch (51 mm) framing lumber placed on edge and securely 
fastened together or 4-inch (102 mm) lumber of equivalent cross section. All openings more than 
4 feet ( 1219 mm) wide shall be provided with headers or lintels. Each end of<. lintel or header shall 
have a length of bearing of not less than 11/2 inches (38 mm) for the full width of the lintel. 

2326.11.7 Pipes in walls. Stud partitions containing plumbing, heating, or other pipes shall be so 
framed and the joists underneath so spaced as to give proper clearance for the piping. Where a parti­
tion containing such piping runs parallel to the floor joists, the joists underneath such partitions 
shall be doubled and spaced to permit the passage of such pipes and shall be btidged. Where plumb­
ing, heating or other pipes are placed in or partly in a partition, necessitating the cutting of the soles 
or plates, a metal tie not less than 0.058 inches (1.47 mm) (16 galvanized gage) and 11/2 inches (381 
mm) wide shall be fastened to each plate across and to each side of the opening with not less than six 
16d nails. 

2326.11.8 Bridging. Unless covered by interior or exterior wall coverings or sheathing meeting 
the minimum requirements of this code, all stud partitions or walls with studs having a 
height-to-least-thickness ratio exceeding 50 shall have bridging not less thar: 2 inches (51 mm) in 
thickness and of the same width as the studs fitted snugly and nailed thereto to provide adequate 
lateral support. 

2326.11.9 Cutting and notching. In exterior walls and bearing partitions, any wood stud may be 
cut or notched to a depth not exceeding 25 percent of its width. Cutting or notching of studs to a 
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depth not greater than 40 percent of the width of the stud is permitted in non bearing partitions sup­
porting no loads other than the weight of the partition. 

2326.11.10 Bored holes. A hole not greater in diameter than 40 percent of the stud width may be 
bored in any wood stud. Bored holes not greater than 60 percent of the width of the stud are per­
mitted in nonbearing partitions or in any wall where each bored stud is doubled, provided not more 
than two such successive doubled studs are so bored. 

In no case shall the edge of the bored hole be nearer than 5/s inch (16 mm) to the edge of the stud. 
Bored holes shall not be located at the same section of stud as a cut or notch. 

2326.12 Roof and Ceiling Framing. 

2326.12.1 General. The framing details required in this section apply to roofs ha•ring a minimum 
slope of3 units vertical in 12 units horizontal (25% slope) or greater. When the roof ;lope is less than 
3 units vertical in 12 units horizontal (25% slope), members supporting rafters and ceiling joists 
such as ridge board, hips and valleys shall be designed as beams. 

1
2326.12.2 Spans. Allowable spans for ceiling joists shall be in accordance with Tables 23-1-V-J-3 
and 23-1-V-J-4. Allowable spans for rafters shall be in accordance with Tables 23-1-V-R-1 through 
23-1-V-R-12, where applicable. 

2326.12.3 Framing. Rafters shall be framed directly opposite each other at the ridge. There shall 
be a ridge board at least l-inch (25 mm) nominal thickness at all ridges and not less in depth than the 
cut end of the rafter. At all valleys and hips there shall be a single valley or hip rafter not less than 
2-inch (51 mm) nominal thickness and not less in depth than the cut end of the n:Jter. 

2326.12.4 Notches and holes. Notching at the ends of rafters or ceiling joists shall not exceed one 
fourth the depth. Notches in the top or bottom of the rafter or ceiling joist shall not exceed one sixth 
the depth and shall not be located in the middle one third of the span, except that a nJtch not exceed­
ing one third of the depth is permitted in the top of the rafter or ceiling joist not further from the face 
of the support than the depth of the member. 

Holes bored in rafters or ceiling joists shall not be within 2 inches (51 mm) of the top and bottom 
and their diameter shall not exceed one third the depth of the member. 

2326.12.5 Framing around openings. Trimmer and header rafters shall be doub ed, or of lumber 
of equivalent cross-section, when the span of the header exceeds 4 feet (1219 m m). The ends of 
header rafters more than 6 feet (1829 mm) long shall be supported by framing anchors or rafter 
hangers unless bearing on a beam, partition or wall. 

2326.12.6 Rafter ties. Rafters shall be nailed to adjacent ceiling joists to form a continuous tie 
between exterior walls when such joists are parallel to the rafters. Where not parallel, rafters shall 
be tied to l-inch by 4-inch (25 mm by 102 mm) (nominal) minimum-size crossties. Rafter ties shall 
be spaced not more than 4 feet (1219 mm) on center. 

2326.12.7 Purlins. Purlins to support roof loads may be installed to reduce the span of rafters 
within allowable limits and shall be supported by struts to bearing walls. The maximum span of 
2-inch by 4-inch (51 mm by 102 mm) purlins shall be 4 feet (1219 mm). The maximum span of the 
2-inch by 6-inch (51 mm by 152 mm) purlin shall be 6 feet (1829 mm) but in no cas~ shall the purlin 
be smaller than the supported rafter. Struts shall not be smaller than 2-inch by 4-inch (51 mm by I 02 
mm) members. The unbraced length of struts shall not exceed 8 feet (2438 mm) and the minimum 
slope of the struts shall not be less than 45 degrees from the horizontal. 

2326.12.8 Blocking. Roof rafters and ceiling joists shall be supported laterally to prevent rotation 
and lateral displacement when required by Section 2306.7. Roof trusses shall be supported laterally 
at points of bearing by solid blocking to prevent rotation and lateral displacement. 

2326.12.9 Roof sheathing. Roof sheathing shall be in accordance with Tabks 23-1-S-1 and 

I 23-1-S-2 for wood structural panels, Tables 23-1-R-1 and 23-1-R-2 for lumber or Table 23-1-S-3 for 
particleboard. 
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Joints in lumber sheathing shall occur over supports unless approved end-matched lumber is 
used, in which case each piece shall bear on at least two supports. 

Wood structural panels used for roof sheathing shall be bonded by intermediate or exterior glue. I 
Wood structural panel roof sheathing exposed on the underside shall be bonded with exterior glue. 

2326.12.10 Roof planking. Planking shall be designed in accordance with the general provisions 
of this code. 

In lieu of such design, 2-inch (51 mm) tongue-and-groove planking may bO! used in accordance 
with Table 23-I-U. Joints in such planking may be randomly spaced, provided the system is applied 
to not less than three continuous spans, planks are center-matched and end-matched or splined, each 
plank bears on at least one support, and joints are separated by at least 24 inches (61 0 mm) in adja­
cent pieces. 

2326.13 Exit Facilities. In Seismic Zones 3 and 4, exterior exit balconies, Hairs and similar exit 
facilities shall be positively anchored to the primary structure at not over 8 feet (2438 mm) on center 
or shall be designed for lateral forces. Such attachment shall not be accomplished by use of toenails 
or nails subject to withdrawal. 
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SPECIES AND 
COMMERICAL GRADE 

ASPEN 
Select structural 
No. I 
No.2 
No.3 
Stud 
Construction 
Standard 
Utility 

TABLE 23-1-A-1-BASE DESIGN VALUES FOR VISUALLY GRADED DIMENSION LUMBER 
(All species except Southern Pine-see Table 23-1-A-2) 

(Tabulated design values are for normal load duration and dry service conditions.) 
SIZE DESIGN VALUES IN POUNDS PER SQUARE INCH (psi) 

CLASSIFICATION 
x 0.00689 for Nlmm2 

Compression Compression 
x 25.4formm Tension Parallel Shaar Parallel to Perpendicular to Parallel to Grain 

Bending fl. to Grain F1 Grain Fv Grain Fc.l Fe 

875 500 60 265 725 
2" to 4" thick 625 375 60 265 600 

600 350 60 265 450 
2" and wider 350 200 60 265 275 

475 275 60 265 300 
2" to 4" thick 700 400 60 265 625 

375 225 60 265 475 
2"to4" wide 175 100 60 265 300 

BEECH-BIRCH-HICKORY 
Select structural 1,450 850 100 715 1,200 
No.I 2" to 4" thick 1,050 600 100 715 950 
No.2 1,000 600 100 715 750 
No.3 2" and wider 575 350 100 715 425 
Stud 775 450 100 715 475 
Construction 2" to 4" thick 1,150 675 100 715 1,000 
Standard 650 375 100 715 775 
Utility 2" to4" wide 300 175 100 715 500 

COTTONWC'\D 
Select structural 875 525 65 320 775 
No.I 2" to 4" thick 625 375 65 320 625 
No.2 625 350 65 320 475 
No.3 2" and wider 350 200 65 320 275 
Stud 475 275 65 320 300 
Construction 2" to 4" thick 700 400 65 320 650 
Standard 400 225 65 320 500 
Utility 2" to4" wide 175 100 65 320 325 

Modulus of 
Elasticity E 

1 '1 00,000 
I, I 00,000 
1,000,000 

900,000 
900,000 
900,000 
900,000 
800,000 

I, 700,000 
1,600,000 
1,500,000 
1,300,000 
1,300,000 
1,400,000 
1,300,000 
I ,200,000 

1,200,000 
1,200,000 
1,100,000 
1,000,000 
1,000,000 
1,000,000 

900,000 
900,000 

GRADING 
RULES AGENCY 

NELMA 
NSLB 

WWPA 

NELMA 

NSLB 

.... 
I 
c z 
~ 
:u 
s::: 
m 
c 
r= 
0 z 
C) 

0 
0 
0 
m 



DOUGLAS FIR-LARCH 
Select structural 1,450 
No. I and better 2" to 4" thick 1,150 
No. I 1,000 
No.2 2" and wider 875 
No.3 500 
Stud 675 
Construction 2" to 4" thick 1,000 
Standard 550 
Utility 2" to4" wide 275 

DOUGLAS FIR-LARCH (North) 
Select structural 2" to 4" thick 1,300 
No.1/No.2 825 
No.3 2" and wider 475 
Stud 650 
Construction 2" to 4" thick 950 
Standard 525 
Utility 2" to 4" wide 250 

DOUGLAS FIR-SOUTH 
Select structural 1,300 
No.1 2" to 4" thick 900 
No.2 825 
No.3 2" and wider 475 
Stud 650 
Construction 2" to 4" thick 925 
Standard 525 
Utility 2" to 4" wide 250 

EASTERN HEMLOCK-TAMARACK 
Select structural 1,250 
No.1 2" to 4" thick 775 
No.2 575 
No.3 2" and wider 350 
Stud 450 
Construction 2" to 4" thick 675 
Standard 375 
Utility 2" to4" wide 175 

1,000 95 625 
775 95 625 
675 95 625 
575 95 625 
325 95 625 
450 95 625 
650 95 625 
375 95 625 
175 95 625 

800 95 625 
500 95 625 
300 95 625 
375 95 625 
575 95 625 
325 95 625 
150 95 625 

875 90 520 
600 90 520 
525 90 520 
300 90 520 
425 90 520 
600 90 520 
350 90 520 
150 90 520 

575 85 555 
350 85 555 
275 85 555 
150 85 555 
200 85 555 
300 85 555 
175 85 555 
75 85 555 

(Continued) 

1,700 1,900,000 
1,500 1,800,000 
1,450 1,700,000 
1,300 1,600,000 

750 1,400,000 
825 1,400,000 

1,600 1,500,000 
1,350 1,400,000 

875 1,300,000 

1,900 1,900,000 
1,350 1,600,000 

775 1,400,000 
850 1,400,000 

1,750 1,500,000 
1,400 1,400,000 

925 1,300,000 

1,550 1,400,000 
1,400 1,300,000 
1,300 1,200,000 

750 1,100,000 
825 1,100,000 

1,550 1,200,000 
1,300 1,100,000 

875 1,000,000 

1,200 1,200,000 
1,000 1,100,000 

825 1,100,000 
475 900,000 
525 900,000 

1,050 1,000,000 
850 900,000 
550 800,000 

WCLIB 
WWPA 

NLGA 

WWPA 

NELMA 
NSLB 

..... 

~ 
c: z 
=n 
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TABLE 23-1-A-1-BASE DESIGN VALUES FOR VISUALLY GRADED DIMENSION LUMBER-(Continued) 
SIZE DESIGN VALUES IN POUNDS PER SQUARE INCH (psi) 

CLASSIRCATION 
x 0.00689 for Ntmm2 

Compression Compression 
SPECIES AND x 25.4formm Tension Parallel Shear Parallel to Perpendicular to Parallel to Grain Modulus of 

COMMERICAL GRADE Bending lb to Grain fi Grain Fv Grain Fc.L Fe ElastlcHy E 

EASTERN SOFTWOODS 
Select structural 1,250 575 70 335 1,200 1,200,000 
No.I 2" to 4" thick 775 350 70 335 1,000 1,100,000 
No.2 575 275 70 335 825 1,100,000 
No.3 2" and wider 350 150 70 335 475 900,000 
Stud 450 200 70 335 525 900,000 
Construction 2" to 4" thick 675 300 70 335 1,050 1,000,000 
Standard 375 175 70 335 850 900,000 
Utility 2"to4" wide 175 75 70 335 550 800,000 

EASTERN WHITE PINE 
Select structural 1,250 575 70 350 1,200 1,200,000 
No.I 2" to 4" thick 775 350 70 350 1,000 1,100,000 
No.2 575 275 70 350 825 1,100,000 
No.3 2" and wider 350 150 70 350 475 900,000 
Stud 450 200 70 350 525 900,000 
Construction 2" to 4" thick 675 300 70 350 1,050 1,000,000 
Standard 375 175 70 350 850 900,000 
Utility 2" to4" wide 175 75 70 350 550 800,000 

HEM-FIR 
Select structural 1,400 900 75 405 1,500 1,600,000 
No. 1 and better 2" to 4" thick 1,050 700 75 405 1,350 1,500,000 
No.1 950 600 75 405 1,300 1,500,000 
No.2 2" and wider 850 500 75 405 1,250 1,300,000 
No.3 500 300 75 405 725 1,200,000 
Stud 675 400 75 405 800 1,200,000 
Construction 2" to 4" thick 975 575 75 405 1,500 1,300,000 
Standard 550 325 75 405 1,300 1,200,000 
Utility 2" to4" wide 250 150 75 405 850 1,100,000 

GRADING 
RULES AGENCY 

NELMA 
NSLB 

NELMA 
NSLB 

WCLIB 
WWPA 
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HEM-FIR (North) 
Select structural 2" to 4" thick 1,300 775 
No.1/No.2 1,000 550 
No.3 2" and wider 575 325 
Stud 775 425 
Construction 2" to 4" thick 1,150 625 
Standard 625 350 
Utility 2" to4" wide 300 175 

MIXED MAPLE 
Select structural 1,000 600 
No.1 2" to 4" thick 725 425 
No.2 700 425 
No.3 2" and wider 400 250 
Stud 550 325 
Construction 2" to 4" thick 800 475 
Standard 450 275 
Utility 2" to4" wide 225 125 

MIXED OAK 
Select structural 1,150 675 
No.1 2" to 4" thick 825 500 
No.2 800 475 
No.3 2" and wider 475 275 
Stud 625 375 
Construction 2" to 4" thick 925 550 
Standard 525 300 
Utility 2" to4" wide 250 150 

NORTHERN RED OAK 
Select structural 1,400 800 
No.1 2" to 4" thick 1,000 575 
No.2 975 575 
No.3 2" and wider 550 325 
Stud 750 450 
Construction 2" to 4" thick 1,100 650 
Standard 625 350 
Utility 2" to 4" wide 300 175 

75 370 1,650 
75 370 1,450 
75 370 850 
75 370 925 
75 370 1,750 
75 370 1,500 
75 370 975 

100 620 875 
100 620 700 
100 620 550 
100 620 325 
100 620 350 
100 620 725 
100 620 575 
100 620 375 

85 800 1,000 
85 800 825 
85 800 625 
85 800 375 
85 800 400 
85 800 850 
85 800 650 
85 800 425 

110 885 1,150 
110 885 925 
110 885 725 
110 885 425 
110 885 450 
110 885 975 
110 885 850 
110 885 500 

(Continued) 

1,700,000 
1,600,000 
1,400,000 
1,400,000 
1,500,000 
1,400,000 
1,300,000 

1,300,000 
1,200,000 
1,100,000 
1,000,000 
1,000,000 
1,100,000 
1,000,000 

900,000 

1,100,000 
1,000,000 

900,000 
800,000 
800,000 
900,000 
800,000 
800,000 

1,400,000 
1,400,000 
1,300,000 
1,200,000 
1,200,000 
1,200,000 
1,100,000 
1,000,000 

NLGA 

NELMA 

NELMA 

NELMA 
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TABLE 23-1-A-1-BASE DESIGN VALUES FOR VISUALLY GRADED DIMENSION LUMBER--{Continued) 
SIZE DESIGN VALUES IN POUNDS PER SQUARE INCH (psi) 

CLASSIFICATION x 0.00689 for Nlmm2 

Compression Compression 
SPECIES AND x 25.4for mm Tension Parallel Shear Parallel to Perpendicular to Parallel to Grain Modulus of 

COMMERICAL GRADE Bending Ft. to Grain F1 Grain Fv Grain Fc.L Fe Elasticity E 

NORTHERN SPECIES 
Select structural 2" to 4" thick 950 450 65 350 1,100 1,100,000 
No.1/No.2 575 275 65 350 825 1,100,000 
No.3 2" and wider 350 150 65 350 475 1,000,000 
Stud 450 200 65 350 525 1,000,000 
Construction 2" to 4" thick 675 300 65 350 1,050 1,000,000 
Standard 375 175 65 350 850 900,000 
Utility 2" to4" wide 175 75 65 350 550 900,000 

NORTHERN WHITE CEDAR 
Select structural 775 450 60 370 750 800,000 
No. I 2" to 4" thick 575 325 60 370 600 700,000 
No.2 550 325 60 370 475 700,000 
No.3 2" and wider 325 175 60 370 275 600,000 
Stud 425 250 60 370 300 600,000 
Construction 2" to 4" thick 625 375 60 370 625 700,000 
Standard 350 200 60 370 475 600,000 
Utility 2" to4" wide 175 100 60 370 325 600,000 

RED MAPLE 
Select structural 1,300 750 105 615 1,100 1,700,000 
No.1 2" to 4" thick 925 550 105 615 900 1,600,000 
No.2 900 525 105 615 700 1,500,000 
No.3 2" and wider 525 300 105 615 400 1,300,000 
Stud 700 425 105 615 450 1,300,000 
Construction 2" to 4" thick 1,050 600 105 615 925 1,400,000 
Standard 575 325 105 615 725 1,300,000 
Utility 2" to4" wide 275 150 105 615 475 1,200,000 

RED OAK 
Select structural 1,150 675 85 820 1,000 1,400,000 
No. I 2" to 4" thick 825 500 85 820 825 1,300,000 
No.2 800 475 85 820 625 1,200,000 
No.3 2" and wider 475 275 85 820 375 1,100,000 
Stud 625 375 85 820 400 1,100,000 
Construction 2" to 4" thick 925 550 85 820 850 1,200,000 
Standard 525 300 85 820 650 1,100,000 
Utility 2" to4" wide 250 150 85 820 425 1,000,000 

GRADING 
RULES AGENCY 

NLGA 

NELMA 

NELMA 

NELMA 
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REDWOOD 
Clear structural 1,750 1,000 
Select structural 1,350 800 
Select structural, 1,100 625 

open grain 
2" to 4" thick No.I 975 575 

No. I, open grain 775 450 
No.2 2" and wider 925 525 
No. 2, open grain 725 425 
No.3 525 300 
No. 3, open grain 425 250 
Stud 575 325 
Construction 2" to 4" thick 825 475 
Standard 450 275 
Utility 2" to4" wide 225 125 

SPRUCE-PINE-FIR 
Select structural 2" to 4" thick 1,250 675 
No.l/No. 2 875 425 
No.3 2" and wider 500 250 
Stud 675 325 
Construction 2" to 4" thick 975 475 
Standard 550 275 
Utility 2" to4" wide 250 125 

SPRUCE-PINE-FIR (South) 
Select structural 1,300 575 
No.1 2" to 4" thick 850 400 
No.2 750 325 
No.3 2" and wider 425 200 
Stud 575 250 
Construction 2" to 4" thick 850 375 
Standard 475 225 
Utility 2" to4" wide 225 100 

WESTERN CEDARS 
Select structural 1,000 600 
No.I 2" to 4" thick 725 425 
No.2 700 425 
No.3 2" and wider 400 250 
Stud 550 325 
Construction 2" to 4" thick 800 475 
Standard 450 275 
Utility 2" to4" wide 225 125 

145 650 1,850 
80 650 1,500 
80 425 1,100 

80 650 1,200 
80 425 900 
80 650 950 
80 425 700 
80 650 550 
80 425 400 
80 425 450 
80 425 925 
80 425 725 
80 425 475 

70 425 1,400 
70 425 1,100 
70 425 625 
70 425 675 
70 425 1,350 
70 425 1,100 
70 425 725 

70 335 1,200 
70 335 1,050 
70 335 975 
70 335 550 
70 335 600 
70 335 1,200 
70 335 1,000 
70 335 650 

75 425 1,000 
75 425 825 
75 425 650 
75 425 375 
75 425 400 
75 425 850 
75 425 650 
75 425 428 

(Continued) 

1,400,000 
1,400,000 
1,100,000 

1,300,000 
1,100,000 
1,200,000 
1,000,000 
1,100,000 

900,000 
900,000 
900,000 
900,000 
800,000 

1,500,000 
1,400,000 
1,200,000 
1,200,000 
1,300,000 
1,200,000 
1,100,000 

1,300,000 
1,200,000 
1,100,000 
1,000,000 
1,000,000 
1,000,000 

900,000 
900,000 

1,100,000 
1,000,000 
1,000,000 

900,000 
900,000 
900,000 
800,000 
800,000 

RIS 

NLGA 

NELMA 
NSLB 

WCLIB 
WWPA 

WCLIB 
WWPA 
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TABLE 23-1-A-1-BASE DESIGN VALUES FOR VISUALLY GRADED DIMENSION LUMBER-{Continued) 
SIZE DESIGN VALUES IN POUNDS PER SQUARE INCH (psi) 

CLASSIACATION 
x 0.00689 for N/mm2 

Compression Compression 
SPECIES ANO x 25.4formm Tension Parallel Shaar Parallel to Perpendicular to Parallel to Grain Modulus of GRADING 

COMMERICAL c;RADE: Bending 1], to Grain 11 Grain Fv Grain Fe_!_ Fe Elasticity E RULES AGENCY 

WESTERN WOODS 
Select structural 875 400 70 335 1,050 1,200,000 
No.I 2" to 4" thick 650 300 70 335 925 1,100,000 
No.2 650 275 70 335 875 1,000,000 
No.3 2" and wider 375 175 70 335 500 900,000 WCLIB 
Stud 500 225 70 335 550 900,000 WWPA 
Construction 2" to 4" thick 725 325 70 335 1,050 1,000,000 
Standard 400 175 70 335 900 900,000 
Utility 2" to4" wide 200 75 70 335 600 800,000 

WHITEOAK 
Select structural 1,200 700 110 800 1,100 1,100,000 
No.I 2" to 4" thick 875 500 110 800 900 1,000,000 
No.2 850 500 110 800 700 900,000 
No.3 2" and wider 475 275 110 800 400 800,000 NELMA Stud 650 375 110 800 450 800,000 
Construction 2" to 4" thick 950 550 110 800 925 900,000 
Standard 525 325 110 800 725 800,000 
Utility 2" to4" wide 250 150 110 800 475 800,000 
YELLOW POPLAR 
Select structural 1,000 575 75 420 900 1,500,000 
No.I 2" to 4" thick 725 425 75 420 725 1,400,000 
No.2 700 400 75 420 575 1,300,000 
No.3 2" and wider 400 225 75 420 325 1,200,000 NSLB Stud 550 325 75 420 350 1,200,000 
Construction 2" to 4" thick 800 475 75 420 750 1,300,000 
Standard 450 250 75 420 575 1,100,000 
Utility 2" to4" wide 200 125 75 420 375 1,100,000 

Notes: 
I. Lumber Dimensions. Tabulated design values are applicable to lumber that will be used under dry conditions such as in most covered structures. For 2-inch- (51 mm) 

to 4-inch-thick (I 02 mm) lumber, the DRY dressed sizes shall be used regardless of the moisture content at the time of manufacture or use. In calculating design values, 
the natural gain in strength and stiffness that occurs as lumber dries has been taken into consideration as well as the reduction in size that occurs when unseasoned lumber 
shrinks. The gain in load-carrying capacity due to increased strength and stiffness resulting from drying more than offsets the design effect of size reductions due to 
shrinkage. 

2. Stress-rated Boards. Stress-rated boards of nominal l-inch (25 mm), ! 1/4-inch (32 mm) and I'h-inch (38 mm) thickness, 2 inches (51 mm) and wider, of most species, 
are permitted the design values shown for select structural, No. I and better, No. I, No.2, No.3, stud, construction, standard, utility, clear heart structural and clear structural 
grades as shown in the 2-inch- (51 mm) to 4-inch-thick (102 mm) categories herein, when graded in accordance with the stress-rated board provisions in the applicable 
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grading rules. Information on stress-rated board grades applicable to the various species is available from the respective grading rules agencies. Information on additional 
design values may also be available from the respective grading agencies. 

3. Size Factor, Cp. Tabulated bending, tension and compression-parallel-to-grain design values for dimension lumber 2 inches to 4 inches (S I mm to 102 mm) thick shall 
be multiplied by the following size factors: 

SIZE FACTORS, ~ 
fj, 

WIDTH Thickness 
(Inches) 

2" and 3" 4" 
GRADES x 25.4formm (51 mm and 76 mm) (102mm) Fr Fe 

Select structural, 2, 3 and4 l.S l.S l.S l.lS 
No. I and better s 1.4 1.4 1.4 1.1 

No. I, No.2, No.3 6 1.3 1.3 1.3 1.1 
8 1.2 1.3 1.2 LOS 

10 1.1 1.2 1.1 1.0 
12 1.0 1.1 1.0 1.0 

14 and wider 0.9 1.0 0.9 0.9 

Stud 2, 3 and4 1.1 1.1 1.1 !.OS 
S and6 1.0 1.0 1.0 1.0 

Construction and 2, 3 and4 1.0 1.0 1.0 1.0 
Standard 

Utility 4 1.0 1.0 1.0 1.0 
2and3 0.4 - 0.4 0.6 

4. Repetitive Member Factor, C,. Bending design values, Fb, for dimension lumber 2 inches (S I mm) to 4 inches (I 02 mm) thick shall be multiplied by the repetitive member 
factor, Cr = 1.1 S, when such members are used as joists, truss chords, rafters, studs, planks, decking or similar members which are in contact or spaced not more than 
24 inches (610 mm) on center, are not less than three in number and are joined by floor, roof or other load-distributing elements adequate to support the design load. 

S. Flat-use Factor, Ctu· Bending design values adjusted by size factors are based on edgewise use (load applied to narrow face). When dimension lumber is used flatwise 
(load applied to w1de face), the bending design value, Fb, shall also be multiplied by the following flat-use factors: 

FLA~USEFACTORS,~ 

WIDTH 
(Inches) THICKNESS 

2" and 3" 4" 
x 25.4formm (51 mm and 76 mm) (102mm) 

2and3 1.0 -
4 1.1 1.0 
s 1.1 !.OS 
6 l.IS !.OS 
8 l.IS !.OS 

10 and wider 1.2 1.1 

(Continued) 
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j; NOTES TO TABLE 23-1-A-1-(Continued) 

g: 6. Wet Service Factor, eM. When dimension lumber is used where moisture content will exceed 19 percent for an extended time period, design values shall be multiplied 
by the appropriate wet service factors from the following table: 

WET SERVICE FACTORS, ~ 

0.85* 1.0 0.97 

*when (Fb)(eF) ~ 1,150 psi (7.92 N/mm2), eM= 1.0 

**when <Fc)(eF) ~ 750 psi (5.17 N/mm2), eM= 1.0 

0.67 

E 

0.8** 0.9 

7. Shear Stress Factor, en. Tabulated shear design values parallel to grain have been reduced to allow for the occurrence of splits, checks and shakes. Tabulated shear design 
values parallel to grain, Fv. shall be permitted to be multiplied by the shear stress factors specified in the following table when length of split, or size of check or shake 
is known and no increase in them is anticipated. When shear stress factors are used for redwood, a tabulated design value of Fv = 80 psi (0.55 N/mm2) shall be assigned 
for all grades of redwood dimension lumber. Shear stress factors shall be permitted to be linearly interpolated. 

SHEAR STRESS FACTORS, Ctt 

Length of split on wide Length of split on wide Size of shake* in 
face of 2-inch (51 mm) eH face of 3-inch (76 mm) (nominal) eH 2-inch (51 mm) (nominal) eH 
(nominal) lumber and thicker lumber and thicker lumber 

no split ....................... 2.00 no split ....................... 2.00 no shake . . . . . . . . . . . . . . . . . . . . . . 2.00 
1 h by wide face ................ 1.67 1h by narrow face ••• 0 •• •••••••• 1.67 1/6 by narrow face ······ ........ 1.67 
3/4 by wide face .. . . . . . . . . . .. . .. 1.50 3/4 by narrow face 

• 0 •••••• •••••• 
1.50 1 I 4 by narrow face . ............. 1.50 

I by wide face .. . . . . . . . . . . .. ... 1.33 I by narrow face ................ 1.33 113 by narrow face ••• 0 • ••••••••• 1.33 
Jl h by wide face or more . . . . . . . . 1.00 Jl h by narrow face or more ....... 1.00 I h by narrow face or more ........ 1.00 

*Shake is measured at the end between 
lines enclosing the shake and 
perpendicular to the loaded face. 
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TABLE 23-1-A-2-DESIGN VALUES FOR VISUALLY GRADED SOUTHERN PINE DIMENSION LUMBER 
(Tabulated design values are for normal load duration and dry service conditions, unless specified otherwise.) 

DESIGN VALUES IN POUNDS PER SQUARE INCH (psi) 

SIZE 
x 0.00689 for N/mm2 

CLASSIACATION 
Compression Compression 

SPECIES AND 
x 25.4formm 

Tension Parallel Shear Parallel to Perpendicular to Parallel to Grain Modulus of 
COMMERICAL GRADE Bending 1}, to Grain F, Grain Fv Grain Fe~ Fe Elasticity E 

MIXED SOUTHERN PINE 
Select structural 2,050 1,200 100 565 1,800 1,600,000 
No. I 2" to 4" thick 1,450 875 100 565 1,650 1,500,000 
No.2 1,300 775 90 565 1,650 1,400,000 
No.3 2" to 4" wide 750 450 90 565 950 1,200,000 
Stud 775 450 90 565 950 1,200,000 
Construction 2" to 4" thick 1,000 600 100 565 1,700 1,300,000 
Standard 550 325 90 565 1,450 1,200,000 
Utility 4" wide 275 150 90 565 950 1,100,000 

Select structural 1,850 1,100 90 565 1,700 1,600,000 
No.I 2" to 4" thick 1,300 750 90 565 1,550 1,500,000 
No.2 1,150 675 90 565 1,550 1,400,000 
No.3 5" to 6" thick 675 400 90 565 875 1,200,000 
Stud 675 400 90 565 875 1,200,000 

Select structural 2" to 4" thick 1,750 1,000 90 565 1,600 1,600,000 
No.I 1,200 700 90 565 1,450 1,500,000 
No.2 8" wide 1,050 625 90 565 1,450 1,400,000 
No.3 625 375 90 565 850 1,200,000 

Select structural 2" to 4" thick 1,500 875 90 565 1,600 1,600,000 
No. I 1,050 600 90 565 1,450 1,500,000 
No.2 10" wide 925 550 90 565 1,450 1,400,000 
No.3 525 325 90 565 825 1,200,000 

Select structural 2" to 4" thick 1,400 825 90 565 1,550 1,600,000 
No.I 975 575 90 565 1,400 1,500,000 
No.2 12" wide 875 525 90 565 1,400 1,400,000 
No.3 500 300 90 565 800 1,200,000 

---

(Continued) 
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TABLE 23-1-A-2-0ESIGN VALUES FOR VISUALLY GRADED SOUTHERN PINE DIMENSION LUMBER-(Continued) 
DESIGN VALUES IN POUNDS PER SQUARE INCH (psi) 

SIZE 
x 0.00689 for Nlmm2 

CLASSIACAllON Compression Compression GRADING 
SPECIES AND 

x 25.4formm 
Tension Parallel Shear Parallel to Perpendicular to Parallel to Grain Modulus of RULES 

COMMERICAL GRADE Bending 1}, to Grain Fi Grain Fv Grain Fe~ Fe Elasticity E AGENCY 

SOUTHERN PINE 
Dense select 3,050 1,650 100 660 2,250 1,900,000 

structural 
Select structural 2,850 1,600 100 565 2,100 1,800,000 
Non-dense select 2,650 1,350 100 480 1,950 1,700,000 

structural 
No. I dense 2" to 4" thick 2,000 1,100 100 660 2,000 1,800,000 
No.I 1,850 1,050 100 565 1,850 1,700,000 
No. I non-dense 2" to4" wide 1,700 900 100 480 1,700 1,600,000 
No.2 dense 1,700 875 90 660 1,850 1,700,000 
No.2 1,500 825 90 565 1,650 1,600,000 
No. 2 non-dense 1,350 775 90 480 1,600 1,400,000 
No.3 850 475 90 565 975 1,400,000 
Stud 875 500 90 565 975 1,400,000 

Construction 2" to 4" thick 1,100 625 100 565 1,800 1,500,000 
Standard 625 350 90 565 1,500 1,300,000 SPIB 
Utility 4" wide 300 175 90 565 975 1,300,000 

Dense select 2,700 1,500 90 660 2,150 1,900,000 
structural 

Select structural 2,550 1,400 90 565 2,000 1,800,000 
Non-dense select 2,350 1,200 90 480 1,850 1,700,000 

structural 
No. I dense 2" to 4" thick 1,750 950 90 660 1,900 1,800,000 
No.I 1,650 900 90 565 1,750 1,700,000 
No. I non-dense 5" to 6" wide 1,500 800 90 480 1,600 1,600,000 
No.2 dense 1,450 775 90 660 1,750 1,700,000 
No.2 1,250 725 90 565 1,600 1,600,000 
No. 2 non-dense 1,150 675 90 480 1.500 1,400,000 
No.3 750 425 90 565 925 1,400,000 
("'.._ __ ..l ~~~ ·~" "" U<" "~" 1 AI"\£"\.AAA 
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Dense select 2,450 1,350 90 660 2,050 1,900,000 
structural 

Select structural 2,300 1,300 90 565 1,900 1,800,000 
Non-dense select 2,100 1,100 90 480 1,750 1,700,000 

structural 2" to 4" thick No. I dense 1,650 875 90 660 1,800 1,800,000 
No.I 8" wide 

1,500 825 90 565 1,650 1,700,000 
No. I non-dense 1,350 725 90 480 1,550 1,600,000 
No.2 dense 1,400 675 90 660 1,700 1,700,000 
No.2 1,200 650 90 565 1,550 1,600,000 
No. 2 non-dense 1,100 600 90 480 1,450 1,400,000 
No.3 700 400 90 565 875 1,400,000 

Dense select 2,150 1,200 90 660 2,000 1,900,000 
structural 

Select structural 2,050 1,100 90 565 1,850 1,800,000 
Non-dense select 1,850 950 90 480 1,750 1,700,000 

structural 2" to 4" thick No. I dense 1,450 775 90 660 1,750 1,800,000 
No. I 1,300 725 90 565 1,600 1,700,000 SPJB 

No. I non-dense 10" wide 1,200 650 90 480 1,500 1,600,000 
No.2 dense 1,200 625 90 660 1,650 1,700,000 
No.2 1,050 575 90 565 1,500 1,600,000 
No. 2 non-dense 950 550 90 480 1,400 1,400,000 
No.3 650 325 90 565 850 1,400,000 

Dense select 2,050 1,100 90 660 1,950 1,900,000 
structural 

Select structural 1,900 1,050 90 565 1,800 1,800,000 
Non-dense select 1,750 900 90 480 1,700 1,700,000 

structural 2" to 4" thick No. I dense 1,350 725 90 660 1,700 1,800,000 
No.I 12" wide 

1,250 675 90 565 1,600 1,700,000 
No. I non-dense 1,150 600 90 480 1,500 1,600,000 
No.2 dense 1,150 575 90 660 1,600 1,700,000 
No.2 975 550 90 565 1,450 1,600,000 
No. 2 non-dense 900 525 90 480 1,350 1,400,000 

1 No.3 1 1 575 1 325 90 565 1 g25 1 t,4uu,uuu j j 1 
(Continued) 

1\) 

~ 

.... 
CD 
CD 

""' c: z 
=ii 
0 
::D 
3: 
ID 
c: 
F 
0 z 
C) 

0 
0 
0 
m 

1\) 

~ 
~ 
1\) 



t 
U'l .,.. TABLE 23-1-A-2-DESIGN VALUES FOR VISUALLY GRADED SOUTHERN PINE DIMENSION LUMBER-(Continued) 

DESIGN VALUES IN POUNDS PER SQUARE INCH (psi) 

SIZE x 0.00689 for Nlmm2 

CLASSIRCATION 
Compression Compression GRADING 

SPECIES AND 
x 25.4for mm 

Tension Parallel Shear Parallel to Perpendicular to Parallel to Grain Modulus of RULES 
COMMERICAL GRADE Bending lj, to Grain F, Grain Fv Grain Fe~ F. Elasticity E AGENCY 

SOUTHERN PINE (Dry service conditions-19 percent or less moisture content) 

Dense structural 86 I 2" to 4" thick I 2,600 I 1,750 I ISS I 660 I 2,000 

I 
1.800.000 I 

Dense structural 72 2,200 1,4SO 130 660 1,6SO I ,800,000 SPIB 
Dense structural 65 2" and wider 2,000 1,300 II S 660 I ,SOO I ,800,000 

SOUTHERN PINE (Wet service conditions) 

Dense structural 86 
21/z" to 4" thick 

2, I 00 1,400 145 440 1,300 I , 600,000 
Dense structural 72 2 1/z" and wider 1,750 1,200 120 440 1,100 I, 600,000 SPIB 
Dense structural 6S 1,600 l,OSO 110 440 1,000 I, 600' 000 

-- -- -

Notes: 
I. Lumber Dimensions. Tabulated design values are applicable to lumber that will be used under dry conditions such as in most covered structures. For 2-inch- (S I mm) 

to 4-inch-thick (I 02 mm) lumber, the DRY dressed sizes shall be used regardless of the moisture content at the time of manufacture or use. In calculating design values, 
the natural gain in strength and stiffness that occurs as lumber dries has been taken into consideration as well as the reduction in size that occurs when unseasoned lumber 
shrinks. The gain in load-carrying capacity due to increased strength and stiffness resulting from drying more than offsets the design effect of size reductions due to 
shrinkage. 

2. Stress-rated Boards. Information for various grades of southern pine stress-rated boards of nominal l-inch (2S mm), I l/4-inch (32 mm) and I lfz-inch (38 mm) thickness, 
2 inches (51 mm) and wider, is available from the Southern Pine Inspection Bureau (SPIB) in the "Standard Grading Rules for Southern Pine Lumber." 

3. Spruce Pine. To obtain recommended design values for spruce pine graded to SPIB rules, multiply the appropriate design values for mixed southern pine by the 
corresponding conversion factor shown below and round to the nearest I 00,000 psi (689 N/mm2) for£, to the next lower multiple of S psi (0.03 N/mm2) for Ft and Fe 1.; 
to the next lower multiple of 50 psi (0.34 N/mm2) for Fb, F, and Fe if I ,000 psi (6.89 N/mm2) or greater, 2S psi (0.17 N/mm2) otherwise. 

CONVERSION FACTORS FOR DETERMINING DESIGN VALUES FOR SPRUCE PINE 
COMPRESSION 

PERPENDICULAR TO COMPRESSION 
TENSION PARALLEL SHEAR PARALLEL TO GRAIN PARALLEL TO GRAIN MODULUS OF 

BENDING Fb TO GRAIN F, GRAIN F, Fe~ Fe ELASTICITY E 

Conversion factor 0.784 0.784 0.96S 0.682 0.766 0.807 
-

4. Si£c Fa.:.tua, CF. App;vpriatc .;izc udju:;tmcut factvr:; huT;\: u!rcady beer: ir:ccrpGr~ted i:-! the t~b!!bted de~!g!! '.':!!ue~ f0!' !!!0S! !h!cknt:'ss~s 0f s0•.~tht:>rn pi"''=' ~!lt:J mi-r:P-rl 
southern pine dimension lumber. For dimension lumber 4 inches (I 02 mm) thick, 8 inches (203 mm) and wider (all grades except dense structural 86, dense structural I 
72 and dense structural 6S), tabulated bending design values, Fb, shall be permitted to be multiplied by the size factor, CF = 1.1. For dimension lumber wider than 12 
inches (305 mm) (all grades except dense structural 86, dense structural 72 and dense structural 6S), tabulated bending, tension and compression-parallel-to-grain design 
values for 12-inch-wide (305 mm) lumber shall be multiplied by the size factor. CF = 0.9. When the depth, d, of dense structural 86, dense structural72 or dense structural 
65 dimension lumber exceeds 12 inches (30S mm), the tabulated bending design value, h. shall be multiplied by the following size factor: 

CF = (121d) 119 ForSI: CF = (304.8/d) 119 
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5. Repetitive Member Factor, e,.. Bending design values, Fb. for dimension lumber 2 inches (51 mm) to 4 inches (I 02 mm) thick shall be multiplied by the repetitive member 
factor, er = 1.15, when such members are used as joists, truss chords, rafters, studs, planks, decking or similar members which are in contact or spaced not more than 
24 inches (610 mm) on center, are not less than three in number and are joined by floor, roof or other load-distributing elements adequate to support the design load. 

6. Flat-use Factor, eft!. Bending design values adjusted by size factors are based on edgewise use (load applied to narrow face). When dimension lumber is used flatwise 
(load applied to wtde face), the bending design value, Fb. shall also be multiplied by the following flat-use factors: 

FLAT-USE FACTORS, Ctu 
WIDTH THICKNESS 

x 25.4formm 2" and 3" (51 mm and 76 mm) 4''(102mm) 

2" and 3" 1.0 -
4" 1.1 1.0 
5" 1.1 1.05 
6" 1.15 1.05 
8" 1.15 1.05 

10" and wider 1.2 1.1 

7. Wet Service Factor, e,.,. When dimension lumber is used where moisture content will exceed 19 percent for an extended time period, design values shall be multiplied 
by the appropriate wet service factors from the following table (for dense structural 86, dense structural 72 and dense structural 65 use tabulated design values for wet 
service conditions without further adjustment): 

WET SERVICE FACTORS, CM 

I 0.~5* I I~ I 0~7 I ;~\ I 0.;·** I OE9 I 
*when (Fb)(eF)::; 1,150 psi (7.92 N/mm2), eM= 1.0 
**when Fe::; 750 psi (5.17 N/mm2), eM= 1.0 

8. Shear Stress Factor, eH. Tabulated shear design values parallel to grain have been reduced to allow for the occurrence of splits, checks and shakes. Tabulated shear design 
values parallel to grain, Fv. shall be permitted to be multiplied by the shear stress factors specified in the following table when length of split, or size of check or shake 
is known and no increase in them is anticipated. When shear stress factors are used for southern pine and mixed southern pine, a tabulated design value of Fv = 90 psi 
(0.62 N/mm2) shall be assigned for all grades of southern pine and mixed southern pine dimension lumber. Shear stress factors shall be permitted to be linearly interpolated. 

SHEAR STRESS FACTORS, CH 

Length of split on wide Size of shake* in Length of split on wide 
face of 2-inch (51 mm) 
(numinai) iuwbt:r 

CH I fac~.?f ~-in~h <?6 mm) (nominal) CH I 2-inch (51 mm) (nominal) 
aiid thick~r luwbcr 

eH 

no split ....................... 2.00 
1/2 by wide face ................ 1.67 
3f4 by wide face ................ 1.50 
I by wide face . . . . . . . . . . . . . . . . . 1.33 
Jl/2 by wide face or more ........ 1.00 

dUU lUH,..frt.C:l IUJilUC:i 

no split . . . . . . . . . . . ........... 2.00 
1/2 by narrow face . . . . . . . . . . . . 1.67 
3f4 by narrow face .............. 1.50 
I by narrow face . . . . . . . . . . . . . . . . 1.33 
Jl /z by narrow face or more . . . . . . . 1.00 

no shake ...................... 2.00 
1f6 by narrow face . . . . . . . . . . . . . . I. 67 
1f4 by narrow face .............. 1.50 
1/3 by narrow face . . . . . . . . . . . . . . 1.33 
lfz by narrow face or more . . . . . . . . 1.00 

*Shake is measured at the end between 
lines enclosing the shake and 
perpendicular to the loaded face. 
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SPECIES AND 
COMMERICAL 

GRADE 

TABLE 23-1-A-3-DESIGN VALUES FOR MECHANICALLY GRADED DIMENSION LUMBER 
(Tabulated design values are for normal load duration and dry service conditions.) 

DESIGN VALUES IN POUNDS PER SQUARE INCH (psi) 

SIZE x 0.00689 for mm 
CLASSIACATION 

Compression Parallel 

x 25.4formm 
Bending Tension Parallel to to Grain Modulus of Elasticity 

fi, Grain lj Fe E GRADING RULES AGENCY 

MACHINE STRESS-RATED (MSR) LUMBER 

900f-l.OE 900 350 1,050 1,000,000 WCLIB, WWPA 
1200f-1.2E 1,200 600 1,400 1,200,000 NLGA, SPIB, WCLIB, WWPA 
1350f-1.3E 1,350 750 1,600 1,300,000 SPIB, WCLIB, WWPA 
1450f-1.3E 1,450 800 1,625 1,300,000 NLGA, WCLIB, WWPA 
1500f-1.3E 1,500 900 1,650 1,300,000 SPIB 
1500f-1.4E 1,500 900 1,650 1,400,000 NLGA, SPIB, WCLIB, WWPA 
1650f-1.4E 1,650 1,020 1,700 1,400,000 SPIB 
1650f-1.5E 1,650 1,020 1,700 1,500,000 NLGA, SPIB, WCLIB, WWPA 
1800f-1.6E 1,800 1,175 1,750 1,600,000 NLGA, SPI, WCLIB, WWPA 
1950f-1.5E 2" and less in 1,950 1,375 1,800 1,500,000 SPIB 
1950f-1.7E thickness 1,950 1,375 1,800 1,700,000 NLGA, SPIB, WWPA 
2100f-1.8E 2,100 1,575 1,875 1,800,000 NLGA, SPIB, WCLIB, WWPA 
2250f-1.6E 2" and wider 2,250 1,750 1,925 1,600,000 SPIB 
2250f-1.9E 2,250 1,750 1,925 1,900,000 NLGA, SPIB, WWPA 
2400f-1.7E 2,400 1,925 1,975 1,700,000 SPIB 
2400f-2.0E 2,400 1,925 1,975 2,000,000 NLGA, SPIB, WCLIB,WWPA 
2550f-2.1E 2,550 2,050 2,025 2,100,000 NLGA, SPIB, WWPA 
2700f-2.2E 2,700 2,150 2,100 2,200,000 NLGA, SPIB, WCLIB, WWPA 
2850f-2.3E 2,850 2,300 2,150 2,300,000 SPIB, WWPA 
3000f-2.4E 3,000 2,400 2,200 2,400,000 NLGA, SPIB 
3150f-2.5E 3,150 2,500 2,250 2,500,000 SPIB 
3300f-2.6E 3,300 2,650 2,325 2,600,000 SPIB 

900f-1.2E 2" and less in 900 350 1,050 1,200,000 NLGA, WCLIB 
1200f-1.5E thickness 1,200 600 1,400 1,500,000 NLGA, WCLIB 
1350f-1.8E 1,350 750 1,600 1,800,000 NLGA 
1500f-1.8E 1,500 900 1,650 1,800,000 WCLIB 
~f-:2._1§__ 6" and wider 1,800 1,175 1,750 2,100,000 NLGA, WCLIB 

---- -- -- --
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MACIDNE EVALUATED LUMBER (MEL) 

M-10 1,400 800 1,600 1,200,000 
M-Il 1,550 850 1,650 1,500,000 
M-12 1,600 850 1,700 1,600,000 
M-13 1,600 950 1,700 1,400,000 
M-14 1,800 1,000 1,750 1,700,000 
M-15 1,800 1,100 1,750 1,500,000 
M-16 1,800 1,300 1,750 1,500,000 
M-17 2" and Jess in 1,950 1,300 2,050 1,700,000 
M-18 thickness 2,000 1,200 1,850 1,800,000 
M-19 2,000 1,300 1,850 1,600,000 SPIB 

M-20 2" and wider 2,000 1,600 2,100 1,900,000 
M-21 2,300 1,400 1,950 1,900,000 
M-22 2,350 1,500 1,950 1,700,000 
M-23 2,400 1,900 2,000 1,800,000 
M-24 2,700 1,800 2,100 1,900,000 
M-25 2,750 2,000 2,100 2,200,000 
M-26 2,800 1,800 2,150 2,000,000 
M-27 3,000 2,000 2,400 2,100,000 

~~---

Notes: 
I. Lumber Dimensions. Tabulated design values are applicable to lumber that will be used under dry conditions such as in most covered structures. For 2-inch- (51 mm) 

to 4-inch-thick (I 02 mm) lumber, the DRY dressed sizes shall be used regardless of the moisture content at the time of manufacture or use. In calculating design values, 
the natural gain in strength and stiffness that occurs as lumber dries has been taken into consideration as well as the reduction in size that occurs when unseasoned lumber 
shrinks. The gain in load-carrying capacity due to increased strength and stiffness resulting from drying more than offsets the design effect of size reductions due to 
shrinkage. 

2. Shear Parallel to Grain, F., and Compression Perpendicular to Grain, Fe .L· Design values for shear parallel to grain, Fv. and compression perpendicular to grain, 
Fc.L• are identical to the design values given in Tables 23-1-A-1 and 23-1-A-2 for No. 2 visually graded lumber of the appropriate species. 

3. Modulus of Elasticity, E. For any given bending design value, Fb, the average modulus of elasticity,£, may vary depending on species, timber source or other variables. 
TheE value included in the Fb-E grade designations in Table 23-1-A-3 are those usually associated with each Fb level. Grade stamps may show higher or lower E values 
[in increments of 100,000 psi (689 N/mm2)] if machine rating indicates the assignment is appropriate. When theE value shown on a grade stamp differs from theE value 
in Table 23-1-A-3, theE value shown on the grade stamp shall be used for design. The tabulated Fb. F1 and Fe values associated with the designated Fb value shall be 
used for design. 

4. Repetitive Member Factor, C,. Bending design values, Fb, for dimension lumber 2 inches to 4 inches (51 mm to 102 mm) thick shall be multiplied by the repetitive 
member factor. C. = 1.15. when such members are used as joists, truss chords, rafters, studs, planks, decking or similar members which are in contact or spaced not more 
than 24 inches (610 mm) on center, are not Jess than three in number and are joined by floor, roof or other load-distributing elements adequate to support the design load. 1 

(Continued) 
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% NOTES TO TABLE 23-1-A-3-{Continued) 

&: 5. Flat-use Factor, efu· Bending design values adjusted by size factors are based on edgewise use (load applied to narrow face). When dimension lumber is used flatwise 
(load applied to wtde face), the bending design value, Fb, shall also be multiplied by the following flat-use factors: 

FLAT-USE FACTORS, Ctu 
WIDTH THICKNESS 

x 25.4formm 2"(51 mm) 

2" and 3" 1.0 
4" 1.1 
5" 1.1 
6" 1.15 
8" 1.15 

I 0" and wider 1.2 

6. Wet Service Factor, eM. When dimension lumber is used where moisture content will exceed 19 percent for an extended time period, design values shall be multiplied 
by the appropriate wet service factors from the following table: 

WET SERVICE FACTORS, CM 

I fb ,- ~ ,- ~-. f Fe~ ~ Fe I E =i 
0.85* 1.0 0.97 0.67 0.8 0.9 

*when Fb ~ I, 150 psi (7 .92 N/mm2), eM = 1.0 

7. Shear Stress Factor, eH. Tabulated shear design values parallel to grain have been reduced to allow for the occurrence of splits, checks and shakes. Tabulated shear design 
values parallel to grain, Fv, shall be permitted to be multiplied by the shear stress factors specified in the following table when length of split, or size of check or shake 
is known and no increase in them is anticipated. Shear stress factors shall be permitted to be linearly interpolated. 

SHEAR STRESS FACTORS, CH 

Size of shake* in Length of split on wide 
face of2-inch (51 mm) 
(nominal) lumber 

Length of split on wide 
eH I face of 3-inch (76 mm) (nominal) 

and thicker lumber 
eH I 2-inch (51 mm) (nominal) 

and thicker lumber 
eH 

no split ...................... 2.00 
1i2 by wide face ............... i.67 
3;4 by wide face ............... 1.50 
I by wide face . . . . . . . . . . . . . . . . 1.33 
11/2 by wide face or more ....... 1.00 

no split . . . . . . . . . . . . . . . . . . . . . 2.00 
1' • r 1 r~ -,2 uy nauuw tat..c ............. t.ul 
3/4 by narrow face ............. 1.50 
I by narrow face . . . . . . . . . . . . . . . 1.33 
Jl /2 by narrow face or more . . . . . . 1.00 

no shake ..................... 2.00 
I, •- _______ r. __ 1 "'"" 
-I() U} lh.UlUW h.l\ .. ,t,.... ••••••••••••• l.U/ 

1 I 4 by narrow face . . . . . . . . . .. .. 1.50 
1/3 by narrow face . . . . . . . . . . . . . 1.33 
1/2 by narrow face or more . . . . . . . 1.00 

*Shake is measured at the end between 
lines enclosing the shake and 
perpendicular to the loaded face. I 
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TABLE 23-1-A-4--DESIGN VALUES FOR VISUALLY GRADED TIMBERS [5 inches by 5 inches (127 mm by 127 mm) and larger] 
(Tabulated design values are for normal load duration and dry service conditions, unless specified otherwise.) 

DESIGN VALUES IN POUNDS PER SQUARE INCH (psi) 

x 0.00689 for Nimm2 

Compression Compression GRADING 
SPECIES AND SIZE Tension Parallel Shear Parallel to Perpendicular to Parallel to Grain Modulus of RULES 

COMMERICAL GRADE CLASSIRCATlON Bending 1], to Grain Fr Grain Fv Grain Fcl_ Fe Elasticity E AGENCY 

BALSAM FIR 
Select structural Beams and 1,350 900 65 305 950 1,400,000 
No.I stringers 1,100 750 65 305 800 1,400,000 
No.2 725 350 65 305 500 1,100,000 NELMA 
Select structural 1,250 825 65 305 1,000 1,400,000 NSLB 
No.I Posts and 1,000 675 65 305 875 1,400,000 
No.2 timbers 575 375 65 305 400 1,100,000 

BEECH-BIRCH-HICKORY 
Select structural Beams and 1,650 975 90 715 975 1,500,000 
No.I stringers 1,400 700 90 715 825 1,500,000 
No.2 900 450 90 715 525 1,200,000 

Select structural 1,550 1,050 90 715 1,050 1,500,000 
NELMA 

Posts and No.I timbers 1,250 850 90 715 900 1,500,000 
No.2 725 475 90 715 425 1,200,000 

COAST SITKA SPRUCE 
Select structural Beams and 1,150 675 60 455 775 1,500,000 
No.I stringers 950 475 60 455 650 1,500,000 
No.2 625 325 60 455 425 1,200,000 

Select structural 1,100 725 60 455 825 1,500,000 
NLGA 

Posts and No.I timbers 875 575 60 455 725 1,500,000 
No.2 525 350 60 455 500 1,200,000 

DOUGLAS FIR-LARCH 
Dense select I I 

1,900 
I 

1,100 
I 

85 
I 

730 

I 
1,300 

I 
1,700,000 

I structural 

Sd,o "'"""'" I Boom' md 
1,600 Y50 ~) 

I l" 
i,iuu i,UGG,VW WCLIB Dense No. I stringers 1,550 775 85 30 1,100 1,700,000 

No.I 1,350 675 85 25 925 1,600,000 

~2 --~ -- - 875 425 85 25 600 1,300,000 
- -

(Continued) 
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TABLE 23-1-A-4-DESIGN VALUES FOR VISUALLY GRADED TIMBERS [5 inches by 5 inches (127 mm by 127 mm) and larger]-(Continued) 
DESIGN VALUES IN POUNDS PER SQUARE INCH (psi) 

x 0.00689 for N/mm2 

Compression Compression GRADING 
SPECIES AND SIZE Tension Parallel Shear Parallel to Perpendicular to Parallel to Grain Modulus of RULES 

COMMERICAL GRADE CLASSIACATlON Bending lj, to Grain Fr Grain Fv Grain F01 Fe Elasticity E AGENCY 

DOUGLAS FIR-LARCH (continued) 

Dense select 1,750 1,150 85 730 1,350 1,700,000 
structural 

Select structural Posts and 1,500 1,000 85 625 1,150 1,600,000 
WCLIB Dense No. I timbers 1,400 950 85 730 1,200 1,700,000 

No.I 1,200 825 85 625 1,000 1,600,000 
No.2 750 475 85 625 700 1,300,000 

Dense select 1,850 1,110 85 730 1,300 1,700,000 
structural 

Select structural Beams and 1,600 950 85 625 1,100 1,600,000 
Dense No. I stringers 1,550 775 85 730 1,100 1,700,000 
No.I 1,350 675 85 625 925 1,600,000 
Dense No.2 1,000 500 85 730 700 1,400,000 
No.2 875 425 85 625 600 1,300,000 

Dense select 1,750 1,150 85 730 1,350 1,700,000 
WWPA 

structural 
Select structural Posts and 1,500 1,000 85 625 1,150 1,600,000 
Dense No. I timbers 1,400 950 85 730 1,200 1,700,000 
No.I 1,200 825 85 625 1,000 1,600,000 
Dense No.2 800 550 85 730 550 1,400,000 
No.2 700 475 85 625 475 1,300,000 

DOUGLAS FIR-LARCH (North) 

Select structural Beams and 1,600 950 85 625 1,100 1,600,000 I 
No.I stringers 1,300 675 85 625 925 1,600,000 
No.2 875 425 85 625 600 1,300,000 

Select structural 1,500 1,000 85 625 1,150 1,600,000 
NLGA 

Posts and 
No. I timbers 1,200 825 85 625 1,000 1,600,000 
No.2 725 475 85 625 700 1,300,000 
l"lo£'\.TTr"'T .4. C' VTD C"£'\.TT'T'U 
._,'-''-''-'"&...o.l.AUO & &.&,-._....__,......, .&.&& • 
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Select structural 
No.I 
No.2 

Select structural 
No.I 
No.2 

EASTERN HEMLOCK 
Select structural 
No.I 
No.2 

Select structural 
No.I 
No.2 

Beams and 
stringers 

Posts and 
timbers 

Beams and 
stringers 

Posts and 
timbers 

EASTERN HEMLOCK-TAMARACK 
Select structural 
No.I 
No.2 

Select structural 
No.I 
No.2 

Beams and 
stringers 

Posts and 
timbers 

1,550 
1,300 

825 

1,400 
1,150 

650 

1,350 
1,150 

750 

1,250 
1,050 

600 

1,400 
1,150 

750 

1,300 
1,050 

600 

EASTERN HEMLOCK-TAMARACK (North) 

Select structural I B d I I ,450 
No. I earns an I ,200 
No. 2 stnngers 775 

Select structural 
No.I 
No.2 

EASTERN SPRUCE 
Select structural 
No.I 
No.2 

Select structural 
No.I 
No.2 

Posts and 
timbers 

Beams and 
stringers 

Posts and 
timbers 

1,350 
1,100 

650 

1,050 
900 
575 

1,000 
800 
450 

900 
625 
425 

950 
775 
400 

925 
775 
375 

850 
700 
400 

925 
775 
375 

875 
700 
400 

850 
600 
400 

900 
725 
425 

725 
600 
275 

675 
550 
300 

85 
85 
85 

85 
85 
85 

80 
80 
80 

80 
80 
80 

80 
80 
80 

80 
80 
80 

85 
85 
85 

85 
85 
85 

65 
65 
65 

65 
65 
65 

520 
520 
520 

520 
520 
520 

550 
550 
550 

550 
550 
550 

555 
555 
555 

555 
555 
555 

555 
555 
555 

555 
555 
555 

390 
390 
390 

390 
390 
390 

1,000 
850 
525 

1,050 
825 
425 

950 
800 
550 

1,000 
875 
400 

950 
800 
500 

1,000 
875 
400 

950 
800 
500 

1,000 
875 
600 

750 
625 
375 

775 
675 
300 

1,200,000 
1,200,000 
1,000,000 

1,200,000 
1,200,000 
1,000,000 

1,200,000 
1,200,000 

900,000 

1,200,000 
1,200,000 

900,000 

1,200,000 
1,200,000 

900,000 

1,200,000 
1,200,000 

900,000 

1,300,000 
1,300,000 
1,100,000 

1,300,000 
1,300,000 
1,100,000 

1,400.000 I 
1,400,000 
1,000,000 

1,400,000 
1,400,000 
1,000,000 

WWPA 

NELMA 
NSLB 

NELMA 
NSLB 

NLGA 

NELMA 
NSLB I 
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EASTERN WHITE PINE 
Select structural 
No.I 
No.2 

Select structural 
No. I 
No.2 

Beams and 
stringers 

Posts and 
timbers 

1,050 700 
875 600 
575 275 

975 650 
800 525 
450 300 

65 350 675 
65 350 575 
65 350 400 

65 350 725 
65 350 625 
65 350 325 

----

(Continued) 

1,100,000 
1,100,000 

900,000 NELMA 
1,100,000 NSLB 
1,100,000 

900,000 
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TABLE 23-1-A-4-DESIGN VALUES FOR VISUALLY GRADED TIMBERS [5 inches by 5 inches (127 mm by 127 mm) and larger]-{Continued) 
DESIGN VALUES IN POUNDS PER SQUARE INCH (psi) 

x 0.00689 for Nlmm2 

Compression Compression GRADING 
SPECIES AND SIZE Tension Parallel Shear Parallel to Perpendicular to Parallel to Grain Modulus of RULES 

COMMERICAL GRADE CLASSIACATION Bending fb to Grain t=, Grain Fv Grain Fe~ Fe Elasticity E AGENCY 

HEM-FIR 

Select structural Beams and 1,300 750 70 405 925 1,300,000 
No.I stringers 1,050 525 70 405 750 1,300,000 
No.2 675 350 70 405 500 1,100,000 

Select structural 1,200 800 70 405 975 1,300,000 
WCLIB 

Posts and 
No.I timbers 975 650 70 405 850 1,300,000 
No.2 575 375 70 405 575 1,100,000 

Select structural Beams and 1,250 725 70 405 925 1,300,000 
No.I stringers 1,050 525 70 405 775 1,300,000 
No.2 675 325 70 405 475 1,100,000 

Select structural 1,200 800 70 405 975 1,300,000 
WWPA 

Posts and 
No.I timbers 950 650 70 405 850 1,300,000 
No.2 525 350 70 405 375 1,100,000 

HEM-FIR (North) 

Select structural Beams and 1,250 725 70 370 900 1,300,000 
No.I stringers 1,000 500 70 370 750 1,300,000 
No.2 675 325 70 370 475 1,100,000 

Select structural 1,150 775 70 370 950 1,300,000 
NLGA 

Posts and 
No.I timbers 925 625 70 370 850 1,300,000 
No.2 550 375 70 370 575 1,100,000 

MIXED MAPLE 
Select structural Beams and 1,150 

I 
700 

I 
90 620 725 1,100,000 

No.I stringers 975 500 90 620 600 1,100,000 
No.2 625 325 90 620 375 900,000 

Select structural 1,100 725 'IU 620 /)0 i,iOO,OOO 
NELMA 

Posts and 
No.I timbers 875 600 90 620 650 1,100,000 
No.2 500 350 90 620 300 900,000 

MIXED OAK 

Select structural 

I 
Beams and 

I 
1,350 

I 
800 

I 
80 

I 
800 

I 
825 

I 
1.000.000 I 

No.I stringers 1,150 550 80 800 700 1,000,000 NELMA 
No.2 725 375 80 800 450 800,000 
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Select structural Posts and No.I timbers No.2 

MIXED SOUTHERN PINE 

Select structural SR 5" X 5" and 
No. ISR larger 
No.2 SR (127 mm X 

127 mrn) 

MOUNTAIN HEMLOCK 
Select structural Beams and No.I stringers 
No.2 

Select structural Posts and No.I timbers 
No.2 

NORTHERN PINE 
Select structural Beams and No.I stringers No.2 

Select structural 
No.I Posts and 

No.2 timbers 

NORTHERN RED OAK 
Select structural Beams and No.I stringers 
No.2 

Select structural Posts and No.I timbers No.2 

NORTHERN WHITE CEDAR 
Select structural 

I 
Beams and No.I stringers No? 

Select structural Posts and No. I timbers No.2 
~-- --

1,250 850 
1,000 675 

575 400 

(Wet Service Conditions) 

1,500 1,000 

1,350 900 
850 550 

1,350 775 
1,100 550 

725 375 

1,250 825 
1,000 675 

625 400 

1,250 850 
1,050 700 

675 350 

1,150 800 
950 650 
550 375 

1,600 950 
1,350 675 

875 425 

1,500 1,000 
1,200 800 

700 475 

I 
900 

I 
600 

750 500 
'iOO 250 

850 575 
675 450 
400 250 

80 800 875 
80 800 775 
80 800 350 

110 375 900 

110 375 800 
95 375 525 

85 570 875 
85 570 725 
85 570 475 

85 570 925 
85 570 800 
85 570 550 

65 435 850 
65 435 725 
65 435 450 

65 435 900 
65 435 800 
65 435 375 

105 885 950 
105 885 800 
105 885 500 

105 885 1,000 
105 885 875 
105 885 400 

I 
60 

I 
370 

I 
600 

60 370 500 
60 370 325 

60 370 650 
60 370 550 
60 370 250 

~-

(Continued) 

1,000,000 
1,000,000 

800,000 

1,300,000 

1,300,000 
1,000,000 

1,100,000 
1,100,000 

900,000 

1,100,000 
1,100,000 

900,000 

1,300,000 
1,300,000 
1,000,000 

1,300,000 
1,300,000 
1,000,000 

1,300,000 
1,300,000 
1,000,000 

1,300,000 
1,300,000 
1,000,000 

I 
700,000 

I 
700,000 
600,000 

700,000 _l 700,000 
600,000 

NELMA 

SPIB 

WCLIB 

NELMA 
NSLB 

NELMA 

NbLMA 
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TABLE 23·1-A-4-DESIGN VALUES FOR VISUALLY GRADED TIMBERS [5 inches by 5 inches (127 mm by 127 mm) and larger]-(Continued) 
DESIGN VALUES IN POUNDS PER SQUARE INCH (psi) 

x 0.00689 for Nlmm2 

Compression Compression GRADING 
SPECIES AND SIZE Tension Parallel Shear Parallel to Perpendicular to Parallel to Grain Modulus of RULES 

COMMERICAL GRADE CLASSIRCATION Bending 11, to Grain F, Grain Fv Grain Fe~ Fe Elasticity E AGENCY 

PONDEROSA PINE 

Select structural Beams and 
1,100 725 65 535 750 1,100,000 

No.I stringers 925 500 65 535 625 1,100,000 
No.2 600 300 65 535 400 900,000 

Select structural 1,000 675 65 535 800 1,100,000 
NLGA 

Posts and 
No.I timbers 825 550 65 535 700 1,100,000 
No.2 475 325 65 535 325 900,000 

RED MAPLE 

Select structural Beams and 1,500 875 100 615 900 1,500,000 
No.I stringers 1,250 625 100 615 750 1,500,000 
No.2 800 400 100 615 475 1,200,000 

Select structural 1,400 925 100 615 950 1,500,000 
NELMA 

Posts and 
No.I timbers 1,150 750 100 615 825 1,500,000 
No.2 650 425 100 615 375 1,200,000 

RED OAK 

Select structural Beams and 1,350 800 80 820 825 1,200,000 
No.I stringers 1,150 550 80 820 700 1,200,000 
No.2 725 375 80 820 450 1,000,000 

Select structural 1,250 850 80 820 875 1,200,000 
NELMA 

Posts and 
No.I timbers 

1,000 675 80 820 775 1,200,000 
No.2 575 400 80 820 350 1,000,000 

RED PINE 
Select structural 

I Beams and I 
1,050 

I 
625 

I 
65 

I 
440 

I 
725 

I 
1,100,000 

I No.I ~trin<Tpr~:;: 875 450 65 440 600 1,100,000 
No.2 ------o--- 575 300 65 440 37J 9VG,GGG 

Select structural 1,000 675 65 440 775 1,100,000 NLGA 
Posts and 

No.I timbers 800 550 65 440 675 1,100,000 
No.2 475 325 65 440 475 900,000 

~~- --- ----- I 

I 
=n 
0 
::D 
3: 
m 
c: 
r= c z 
!:) 

0 
0 c 
m 



t 
CJ) 
CJ) 

REDWOOD 

Clear heart 
structural or 
clear structural 

Select structural No. I 
No.2 

SITKA SPRUCE 
Select structural 
No.I 
No.2 

Select structural 
No.I 
No.2 

SOUTHERN PINE 

Dense select 
structural S R 

Select structural 
SR 

No. I dense SR 
No. I SR 
No. 2 dense SR 
No.2 SR 
Dense structural 86 
Dense structural 72 
Dense structural 65 

SPRUCE-PINE-FIR 
Select structural 
No.I 
No.2 

Select structural 
No.I 
No.2 

1,850 1,250 
5" X 5" and 

larger 
(127 mrn X 1,400 950 

127 mrn) 1,200 800 
975 650 

Beams and 1,200 675 

stringers 1,000 500 
650 325 

1,150 750 Posts and 
timbers 925 600 

550 350 

(Wet Service Conditions) 

1,750 1,200 

1,500 1,000 

5" X 5" and 
larger 1,550 1,050 

1,350 875 (127mm X 975 650 127 mrn) 850 550 
2,100 1,400 
1,750 1,200 
1,600 1,050 

Beams and 1,100 650 

stringers 900 450 
600 300 

1,050 700 Posts and 
timbers 850 550 

500 325 
--- --

135 650 1,650 

95 650 1,200 
95 650 1,050 
95 650 900 

70 435 825 
70 435 675 
70 435 450 

70 435 875 
70 435 750 
70 435 525 

110 440 1,100 

110 375 950 

110 440 975 
110 375 825 
100 440 625 
100 375 525 
145 440 1,300 
120 440 1,100 
110 440 1,000 

65 425 775 
65 425 625 
65 425 425 

65 425 800 
65 425 700 
65 425 500 

,, ,• ,, 
!\ .. AJittlltUt:U) 

1,300,000 

1,300,000 
1,300,000 
1,100,000 

1,300,000 
1,300,000 
1,000,000 

1,300,000 
1,300,000 
1,000,000 

1,600,000 

1,500,000 

1,600,000 
1,500,000 
1,300,000 
1,200,000 
1,600,000 
1,600,000 
1,600,000 

1,300,000 
1,300,000 
1,000,000 

1,300,000 
1,300,000 
1,000,000 

RIS 

WCLIB 

SPIB 

NLGA 
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SPECIES AND I SIZE 
COMMERICAL GRADE CLASSIACATlON 

SPRUCE-PINE-FIR (South) 
Select structural 
No.I 
No.2 

Select structural 
No.I 
No.2 

WESTERN CEDARS 

Select structural 
No.I 
No.2 

Select structural 
No.I 
No.2 

Select structural 
No.I 
No.2 

Select structural 
No.I 
No.2 

Beams and 
stringers 

Posts and 
timbers 

Beams and 
stringers 

Posts and 
timbers 

Beams and 
stringers 

Posts and 
timbers 

WESTERN CEDARS (North) 

Select structural 
No.I 
No.2 

Select structural 
No.I 
No.2 

WESTERN HEMLOCK 

Select structural I 
No. I 
No.2 

Beams and 
stringers 

Posts and 
timbers 

Beams and I 
stnngers 

Bending Ji, 

1,050 
900 
575 

1,000 
800 
350 

1,150 
975 
625 

1,100 
875 
550 

1,150 
975 
625 

1,100 
875 
500 

1,150 
925 
625 

1,050 
875 
500 

1,400 
1,150 

750 I 

Ut:::tU.:iN VALUt:::t IN t"'UUNOS ;;~r; 5\li.iAMC iNCii \p~ij 

Tension Parallel 
to Grain F, 

625 
450 
300 

675 
550 
225 

675 
475 
325 

725 
600 
350 

700 
475 
325 

725 
600 
350 

675 
475 
300 

700 
575 
350 

825 
575 
375 

I 

I 

x 0.00689 for Ntmm2 

Compression 
Shear Parallel to I Perpendicular to 

Grain Fv Grain Fe'-

65 
65 
65 

65 
65 
65 

70 
70 
70 

70 
70 
70 

70 
70 
70 

70 
70 
70 

65 
65 
65 

()) 

65 
65 

85 
85 
85 I 

335 
335 
335 

335 
335 
335 

425 
425 
425 

425 
425 
425 

425 
425 
425 

425 
425 
425 

425 
425 
425 

4l) 
425 
425 

410 
410 
410 I 

Compression 
Parallel to Grain 

Fe 

675 
575 
350 

700 
625 
225 

875 
725 
475 

925 
800 
550 

875 
725 
475 

925 
800 
375 

850 
700 
450 

~uu 

800 
550 

1,000 
850 
550 

I 

I 

Modulus of 
Elasticity E 

1,200,000 
1,200,000 
1,000,000 

1,200,000 
1,200,000 
1,000,000 

1,000,000 
1,000,000 

800,000 

1,000,000 
1,000,000 

800,000 

1,000,000 
1,000,000 

800,000 

1,000,000 
1,000,000 

800,000 

1,000,000 
1,000,000 

800,000 

l,UUU,UUU 
1,000,000 

800,000 

1,400.000 I 
1,400,000 
1,100,000 

GRADING 
RULES 

AGENCY 

NELMA 
NSLB 

WWPA 

WCLIB 

WWPA 

NT.GA 

WCLIB 

~ 
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Select structural Posts and 1,300 875 85 410 1,100 1,400,000 
No.I timbers 1,050 700 85 410 950 1,400,000 WCLIB 
No.2 650 425 85 410 650 1,100,000 

WESTERN HEMLOCK (North) 
Select structural Beams and 1,400 825 70 410 1,000 1,400,000 
No.I stringers 1,150 575 70 410 850 1,400,000 
No.2 750 375 70 410 550 1,100,000 

Select structural 1,300 875 70 410 1,100 1,400,000 
NLGA 

Posts and No.I timbers 1,050 700 70 410 950 1,400,000 
No.2 650 425 70 410 650 1,100,000 

WESTERN WHITE PINE 
Select structural Beams and 1,050 600 60 375 775 1,300,000 
No.I stringers 850 425 60 375 625 1,300,000 
No.2 550 275 60 375 400 1,000,000 

Select structural 975 650 60 375 800 1,300,000 
NLGA 

Posts and No.I timbers 775 525 60 375 700 1,300,000 
No.2 450 300 60 375 500 1,000,000 

WESTERN WOODS 
Select structural Beams and 1,050 625 65 335 675 1,100,000 
No.I stringers 900 450 65 335 575 1,100,000 
No.2 575 300 65 335 350 900,000 

Select structural 1,000 675 65 335 700 1,100,000 
WWPA 

Posts and No.I timbers 800 550 65 335 625 1,100,000 
No.2 350 225 65 335 225 900,000 

WHITEOAK 
Select structural Beams and 1,400 825 105 800 900 1,000,000 
No. I stringers 1,200 575 105 800 775 1,000,000 
No.2 750 375 lOS 800 475 800,000 

NELMA 
Select structural Posts and 1,300 875 105 800 950 1,000,000 
No.I timbers 1,050 700 105 800 825 1,000,000 
~2 600 400 105 800 400 800,000 

.... '---- --···---

Notes: • I. Lumber Dimensions. Tabulated design values are applicable to lumber that will be used under dry conditions such as in most covered structures. For 5-inch ( 127 mm) I 
and thicker lumber, the GREEN dressed sizes shall be permitted to be used (see Table 23-1-A-1) because design values have been adjusted to compensate for any loss 
in size by shrinkage which may occur. 

(Continued) 
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NOTES TO TABLE 23-1-A-4--{Continued) 

2. Spruce Pine. To obtain recommended design values for spruce pine graded to Southern Pine Inspecition Bureau (SPIB) rules, multiply the appropriate design values 
for mixed southern pine by the corresponding conversion factor shown below and round to the nearest I 00,000 psi (689 N/mm2) forE, to the next lower multiple of 5 
psi (0.03 N/mm2) for Fv and Fc.J.; to the next lower multiple of 50 psi (0.34 N/mmZ) for Fb, F1 and F,. if I ,000 psi (6.89 N/mm2j or greater, 25 psi (0.17 N/mmZ) otherwise. 

CONVERSION FACTORS FOR DETERMINING DESIGN VALUES FOR SPRUCE PINE 

COMPRESSION 
PERPENDICULAR TO COMPRESSION 

TENSION PARALLEL SHEAR PARALLEL TO GRAIN PARALLEL TO GRAIN MODULUS OF 
BENDING F) TO GRAIN F) GRAIN F, Fc.1. Fe ELASTICITY E 

~sion factor '-- _ 0.784 _ 0.784 0.965 0.682 0.766 0.8~7 

3. Size Factor, Cp. When the depth, d, of a beam, stringer, post or timber exceeds 12 inches (305 mrn), the tabulated bending design value, Fb, shall be multiplied by the 
following size factor: 

CF = (12/d)l/9 ForSI: CF = (304.8/d)l/9 
4. Wet Service Factor, C.w. When timbers are used where moisture content will exceed 19 percent for an extended time period, design values shall be multiplied by the 

appropriate wet service factors from the following table (for southern pine and mixed southern pine use tabulated design values without further adjustment): 

WET SERVICE FACTORS, CM 

~-~~~- I~ I I~ I :.~.1.7 I 0~1 I ~] 
5. Shear Stress Factor, Cn. Tabulated shear design values parallel to grain have been reduced to allow for the occurrence of splits, checks and shakes. Tabulated shear 

design values parallel to grain, F., shall be permitted to be multiplied by the shear stress factors specified in the following table when length of split, or size of check 
or shake is known and no increase in them is anticipated. When shear stress factors are used for redwood, southern pine and mixed southern pine, a tabulated design value 
of Fv = 80 psi (0.55 N/mm2) shall be assigned for all grades of redwood and a tabulated design value of Fv = 90 psi (0.62 N/mm2) shall be assigned for all grades of southern 
pine and mixed southern pine. Shear stress factors shall be permitted to be linearly interpolated. 

SHEAR STRESS FACTORS, CH 

Length of split on wide Size of shake* in 
face of 5-inch ( 127 mm) (nominal) CH 5-inch (127 mm) (nominal) and CH 
and thicker iumber Lhicker lu1u0CI 

no split . . . . . . . . . . . . . . . . . . . . . . . 2.00 no shake . . . . . . . . . . . . . . . . . . . . . . . 2.00 
1/z by narrow face . . . . . . . . . . . . . . . 1.67 1/6 by narrow face . . . . . . . . . . . . . . . 1.67 
3/4 by narrow face . . . . . . . . . . . . . . . 1.50 :/4 by narrow face . . . . . . . . . . . . . . . 1.50 ! 

I by narrow face ................. 1.33 /3 by narrow face . . . . . . . . . . . . . . . 1.33 
Jlfz by narrow face or more ........ 1.00 Ifz by narrow face or more . . . . . . . . . 1.00 

*Shake is measured at the end between 
lines enclosing the shake and perpendicular 
to the loaded face. 
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TABLE 23-1-A-5-DESIGN VALUES FOR VISUALLY GRADED DECKING 
(Tabulated design values are for normal load duration and dry service conditions, unless specified otherwise.) 

DESIGN VALUES IN POUNDS PER SQUARE INCH (psi) 

x 0.00689 for Nimm2 

SIZE CLASSIRCATION Bending 
Compression 

SPECIES AND COMMERCIAL 
x 25.4formm 

Repetitive Member Perpendicular to Modulus of Elasticity 
GRADE Single Member F, (Fc)(C,) Grain F.~ E 

BALSAM FIR 
Select 

I 
2" to 4" thick 

I 
-

I 
1,650 

I 
-

I 
1,500,000 1 Commercial 4" to 12" wide - 1,400 - 1,300,000 

COAST SITKA SPRUCE 
Select 

I 
2" to 4" thick 

I 
1,250 

I 
1,450 

I 
455 

I 
1,700,000 

I Commercial 6" and wider 1,050 1,200 455 1,500,000 

COAST SPECIES 
Select 

I 
2" to 4" thick 

I 
1,250 

I 
1,450 

I 
370 

I 
1,500,000 

I Commercial 6" and wider 1,050 1,200 370 1,400,000 

DOUGLAS FIR-LARCH 
Select dex 2" to 4" thick 1,750 2,000 625 1,800,000 
Commercial dex 6" to 8" wide 1,450 1,650 625 1,700,000 

Select 2" to 4" thick - 2,000 - 1,800,000 
Commercial 4" to 12" wide - 1,650 - 1,700,000 

DOUGLAS FIR-LARCH (North) 

Select 

I 
2" to 4" thick 

I 
1,750 I. 2,000 

I 
625 

I 
1,800,000 

I Commercial 6" and wider 1,450 1,650 625 1,700,000 

DOUGLAS FIR-SOUTH 

Select 

I 
2" to 4" thick 

I 
-

I 
1,900 I 

-

I 
1,400,000 

I Commercial 4" to 12" wide - 1,600 - 1,300,000 

EASTERN HEMLOCK-TAMARACK 

Select 

I 
2" to 4" thick 

I 
-

I 
1,700 

I 
-

I 
1,300,000 l Commercial 4" to 12" wide - 1,450 - 1,100,000 

EASTERN HEMLOCK-TAMARACK (North) 
Select 

I 
2" to 4" thick 

I 
1,500 

I 
1,700 I 555 

I 
1,300,000 

I Commercial 6" and wider 1,250 1,450 555 1,100,000 

EASTERN SPRUCE 
Select 

I 
2" to 4" thick 

I 
-

I 
1,300 

I 
- I 1,500,000 1 Commercial 4" to 12" wide - 1,100 - 1,400,000 

GRADING RULES 
AGENCY 

NELMA 

NLGA 

NLGA 

WCLIB 

WWPA 

NLGA 

WWPA 

NELMA 

NLGA 

NELMA I 
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~ TABLE 23-1-A-5-DESIGN VALUES FOR VISUALLY GRADED DECKING-(Continued} 
DESIGN VALUES IN POUNDS PER SQUARE INCH (psi) 

x 0.00689 for Nlmm2 

SIZE CLASSIACATlON Bending 
Compression 

SPECIES AND COMMERCIAL 
x 25.4for mm 

Repetitive Member Perpendicular to Modulus of Elasticity 
GRADE Single Member lb (Fc)(C,) Grain F." E 

EASTERN WHITE PINE 

Select 

I 
2" to 4" thick 

I 
-

I 
1,300 

I 
-

I 
1,200,000 

Commercial 4" to 12" wide - 1,100 - 1,100,000 

EASTERN WHITE PINE (North) 

Select I 2" to 4" thick 

I 
900 

I 
1,050 

I 
350 

I 
1,200,000 

Commercial 6" and wider 775 875 350 1,100,000 

HEM-FIR 

Select dex 2" to 4" thick 1,400 1,600 405 1,500,000 
Commercial dex 6" to 8" wide 1,150 1,350 405 1,400,000 

Select 2" to 4" thick - 1,600 - 1,500,000 
Commercial 4" to 12" wide - 1,350 - 1,400,000 

HEM-FIR (North) 

Select 

I 
2" to 4" thick 

I 
1,350 

I 
1,500 

I 
370 1 1,500,000 

Commercial 6" and wider 1,100 1,300 370 1,400,000 

NORTHERN PINE 

Select l 2" to 4" thick 

I 
-

I 
1,550 

I 
-

I 
1,400,000 

Commercial 4" to 12" wide - 1,300 - 1,300,000 

NORTHERN SPECIES 

Select 

I 
2" to 4" thick 

I 
900 

I 
1,050 

I 
350 

I 
1,100,000 

Commercial 6" and wider 775 875 350 1,000,000 

NORTHERN WHITE CEDAR 

Select 

I 
2" to 4" thick 

I 
-

I 
1,100 

I 
-

I 
800,000 

Commercial 4" to 12" wide - 950 - 700,000 

PONDEROSA PINE 

Se!e~t 

i 
2" t~ ~~~ thid·~ 

i 
! ,2()() 

i 
!,45() 

i 535 i 
1 '()() ()()() 

Commercial 6" and wider 1,000 1,250 535 1,100,000 

RED PINE 

Select 

I 
2" to 4" thick 

I 
1,150 L350 l 440 ___l__ I ,300,000 

Commercial 6" and wider 975 100 440 1,200,000 

GRADING RULES 
AGENCY 

I NELMA 

I NLGA 

WCLIB 

WWPA 

I NLGA 

l NELMA 

I NLGA 

I NELMA 

I i...;LGA 

I NLGA I 
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REDWOOD 
Select, close grain 2" thick 1,850 
Select 1,450 
Commercial 6" and wider 1,200 

2" thick 400 
Deck heart 4"wide 

and 
Deck common 2" thick 700 

6" wide 

SITKA SPRUCE 
Select dex 

I 
2" to 4" thick 

I 
1,300 

Commercial dex 6" to 8" wide 1,100 

SOUTHERN PINE 
Dense standard 2" to 4" thick 2,000 
Dense select 1,650 
Select 2" and wider 1,400 
Dense commerical 1,650 
Commercial 1,400 

SOUTHERN PINE 
Dense standard 21/z" to 4" thick 1,600 
Dense select 1,350 
Select 2" and wider 1,150 
Dense commerical 1,350 
Commercial 1,150 

SPRUCE-PINE-FIR 
Select 

I 
2" to 4" thick 

I 
1,200 

Commercial 6" and wider 1,000 

SPRUCE-PINE-FIR (South) 
Select 

I 
2" to 4" thick 

I 
-

Commercial 4" to 12" wide -
WESTERN CEDARS 
Select dex 2" to 4" thick 1,250 
Commercial dex 6" to 8" wide 1,050 

Select 2" to 4" thick -
Commercial 4" to 12" wide -

% 
(j 

2,150 -
1,700 -
1,350 -

450 420 

800 420 

I 
1,500 

I 
435 

1,250 435 

2,300 660 
1,900 660 
1,650 565 
1,900 660 
1,650 565 

1,800 440 
1,500 440 
1,300 375 
1,500 440 
1,300 375 

I 
1,400 

I 
425 

l.l50 425 

I 
1,350 

I 
-

1,100 -

1,450 425 
1,200 425 

1,450 -
1,200 -

~~-- -

(Continued) 

1,400,000 
1,100,000 
1,000,000 

900,000 

900,000 

I 
1,500,000 

I 1,300,000 

1,800,000 
1,600,000 
1,600,000 
1,600,000 
1,600,000 

1,600,000 
1,400,000 
1,400,000 
1,400,000 
1,400,000 

I 
1,500,000 

I 1,300,000 

I 
1,400,000 

I 1,200,000 

l,lUO,UUO 
1,000,000 

1,100,000 
1,000,000 

--- -- -

RIS 

WCLIB 

SPIB 

SPIB 

NLGA 

NELMA 
WWPA 

WCLIB 

WWPA I 
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TABLE 23-1-A-5-DESIGN VALUES FOR VISUALLY GRADED DECKING-(Continued) 
DESIGN VALUES IN POUNDS PER SQUARE INCH (psi) 

x 0.00689 for Nlmm2 

SIZE CLASSIRCATION Bending I Compression I Modulus oJ Elasticity SPECIES AND COMMERCIAL 
x 25.4for mm 

j Repetitive Member j Perpendicular to GRADING RULES 
GRADE Single Member 1], (Fc)(C,) Grain F.~ AGENCY 

WESTERN CEDARS (North) 

Select 

I 
2" to 4" thick 

I 
1,200 

I 
1,400 

I 
425 

I 
1,100,000 

I NLGA Commercial 6" and wider 1,050 1,200 425 1,000,000 

WESTERN HEMLOCK 
Select dex 

I 
2" to 4" thick I 1,500 I 1,750 

I 
410 

I 
1,600,000 l WCLIB Commercial dex 6" to 8" wide 1,300 1,450 410 1,400,000 

WESTERN HEMLOCK (North) 
Select 

I 
2" to 4" thick 

I 
1,500 

I 
1,750 

I 
410 

I 
1,600,000 

I NLGA Commercial 6" and wider 1,300 1,450 410 1,400,000 

WESTERN WHITE PINE 
Select 

I 
2" to 4" thick 

I 
1,100 

I 
1,300 

I 
375 

I 
1,400,000 

I NLGA Commercial 6" and wider 925 1,050 375 1,300,000 

WESTERN WOODS 
Selected I 2" to 4" thick I - I 1,300 I - I 1,200,000 I WWPA 

Notes: 
I. Lumber Dimensions. Tabulated design values are applicable to lumber that will be used under dry conditions such as in most covered structures. For 2-inch- (51 mm) 

to 4-inch-thick (I 02 mm) lumber, the DRY dressed sizes shall be used regardless of the moisture content at the time of manufacture or use. In calculating design values, 
the natural gain in strength and stiffness that occurs as lumber dries has been taken into consideration as well as the reduction in size that occurs when unseasoned lumber 
shrinks. The gain in load-carrying capacity due to increased strength and stiffness resulting from drying more than offsets the design effect of size reductions due to 
shrinkage. 

2. Size Factor, CF. Bending design values for all species of decking except redwood are based on 4-inch-thick decking. When 2-inch-thick (51 mm) or 3-inch-thick (76 
mm) decking is used, the bending design values, Fb, for all species except redwood shall be multiplied by the following size factors: 

SIZE FACTORS, CF 
j Thickness(iiiCiles) 1 ~ 

v ?C A f,..r "'"' ,.. I I --· ·j-· ...... I : ~b~ I 

3. Flat-use Factor, Ctu· Tabulated bending design values, Fb, for decking have already been adjusted for tlatwise usage (load applied to wide face.) I 
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4. Repetitive Member Factor, C,. Tabulated bending design values for repetitive member uses (Fb. C,) for decking have already been multiplied by the repetitive member 
factor, C,. 

5. Wet Service Factor, C.w· When decking is used where moisture content will exceed 19 percent for an extended time period, design values shall be multiplied by the 
appropriate wet service factors from the following table (for southern pine use tabulated design values for wet service conditions without further adjustment): 

WET SERVICE FACTORS, CM F fb --~ Fe~ I E I 
0.85* 0.67 0.9 

*when (Fb)(CF) 5. 1,150 psi (7.92 N/mm2), CM = 1.0 

TABLE 23-1-A-6-APPLICABILITY OF ADJUSTMENT FACTORS 

LOAD WET TEMPERA· REPETITIVE 
DURATION SERVICE lURE SIZE VOLUME FLAT·USE MEMBER CURVATURE 

FACTOR FACTOR FACTOR FACTOR I FACTOR2 FACTDRl FACTOR4 FACTORS 

Fb' = (Fb) (Cv) (CM) (Cr) (CF) (Cv) (Cj;,) (C,) (Cc) 

F/ = <Frl (Cv) (CM) (Cr) (CF) • • • • 
Fv' = <Fv) (Cv) (CM) (Cr) • • • • • 
Fcl. ' = <Fcl.) • (CM) (Cr) • • • • • 
Fe' = <Fe) (Cv) (CM) (Cr) (CF) • • • • 
E' =(E) • (CM) (Cr) • • • • • 
Fg' = (Fg) <Cv) • (Cr) • • • • • 

-----

ITh .. <i7P f~rtor. r;-. <h~ll ~pply only to visnnlly ern<leoil snwn lnmheor meomhers and to round tim her bending members. 
2The volume factor, Cv, shall apply only to glued-laminated timber bending members. 

SHEAR 
FORM STRESS 

FACTOR FACTOR6 

(Cj) • 
• • 
• (CH) 

• • 
• • 
• • 
• • 

BUCKLING BEARING 
STIFFNESS AREA 
FACTOR7 FACTOR 

• • 
• • 
• • 
• (Cb) 

• • 
(Cr) • 
• • 
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3The flat-use factor, Cfu· shall apply only to dimension lumber bending members 2 inches (51 mm) to 4 inches (102 mm) thick and to glued-laminated timber bending ~ 
members. +-

4The repetitive member factor, C,, shall apply only to dimension lumber bending members 2 inches (51 mm) to 4 inches (I 02 mm) thick. ~ 
5The curvature factor, Cc, shall apply only to curved portions of glued-laminated timber bending members. 'f1 

N 6Shear design values parallel to grain, Fv. for sawn lumber members shall be permitted to be multiplied by the shear stress factors, CH. ~ 
J:, ?The buckling stiffness factor, CJ/ shall apply only to 2-inch (51 mm) by 4-inch (102 mm) or smaller sawn lumber truss compression chords subjected to combined flexure ~ 
Ul and axial compression when /g-inch (9.5 mm) or thicker plywood sheathing is nailed to the narrow face. dol 
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TABLE 23-1-8-ALLOWABLE UNIT STRESSES FOR CONSTRUCTION AND INDUSTRIAL SOFTWOOD PLYWOOD 
(In pounds per square inch-normal loading) 

(To be used with section properties in Plywood-design Specifications-See U.B.C. Standard 23-2) 

EXTERIOR A·B, B·B, B.C 
C·C (PLUGGED) 
Structural I C·D 

(Use Group 1 Stresses) 
Structural II C·D 

(Use Group 3 Stresses) 

EXTERIOR A·A, A·C, C·C 
C·D Sheathin~ 
(Exterior Glue 

Structural I A.C, C·C All Interior Grades with 
(Use Group I Stresses) Exterior Glue 

Wet2 Dry3 Wet2 Dry3 
SPECIES1 GROUP x 0.00689 for Nlmm2 STRESS OF FACE PLY 

I. Extreme fiber stress in bending (Fb) I 1,430 2,000 1,190 1,650 
Tension in plane of plies (F1) 2,3 980 1,400 820 1,200 
Face grain parallel or perpendicular 

to span 
(at 45° to face grain use 1/6 F1 ) 4 940 1,330 780 1,110 

2. Compression in plane of plies (Fe) I 970 1,640 900 1,540 
Parallel or perpendicular to face grain 2 730 1,200 680 1,100 

3 610 1,060 580 990 
(at 45° to face grain use II) Fe) 4 610 1,000 580 950 

3. Shear in plane perpendicular to plies Fv 4 I !55 190 155 190 
Parallel or perpendicular to face grain 2,3 120 140 120 140 
(at 45° to face grain use 2 Fv) 4 110 130 110 130 

4. Shear, rolling, in the plane of plies Marine and 
Structural I 63 75 63 75 

Parallel or perpendicular to face grain Structural II 49 56 49 56 
(at 45° to face grain use ! 1/3 Fs) All others5 44 53 44 53 

5. Bearing (on face) I 210 340 210 340 
Perpendicular to plane of plies 2, 3 135 210 135 210 

4 105 160 105 160 

6. Modulus of elasticity I 1,500,000 1,800,000 1,500,000 1,800,000 
In ben<lmg m plane oi piles 

I 
2 

I 
i.3w.w0 I i,5w,ow i,300,000 i,500,000 

Face grain parallel or perpendicular 3 1,100,000 1,200,000 1,100,000 1,200,000 
to span 4 900,000 1,000,000 900,000 1,000,000 

ALL OTHER 
GRADES OF 

INTERIOR 
INCLUDING 

C-D SHEATHING 
Dry3 

1,650 
1,200 

1,110 

1,540 
1,100 

990 
950 

160 
120 
115 

48 

340 
210 
160 

1,800,000 
1,500,000 
1,200,000 
1,000,000 

I 
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SPAN RATING 

C-CANDC-D UNDERLAYMENT AND C-C PLUGGED 

THICKNESS {lnches) 16" o.c. 20" o.c. 24" o.c. 48" o.c. 

x 25.4formm 1210 16/0 20/0 2410 32/16 40/20 48/24 x 25.4formm 

5h6 4 3 I 
3j8 47 I 

1s1326, 112 47 I I 
19j32. 5j8 47 I 47 I 
23j32. 3j4 47 I 47 I 

1j8 38 38 

11/8 I 

1See U.B.C. Standard 23-2 for plywood species groups. For C-C, C-D underlayment, and C-C plugged, the combination of span rating and panel thickness determines the 
species group and, therefore, the stress permitted, as in the above table. 

2Wet condition of use corresponds to a moisture content of 16 percent or more. 
3Dry condition of use corresponds to a moisture content of less than 16 percent. 
4See U.B.C. Standard 23-2, Section 23.221, for provisions under which Fv stresses may be increased. 
5Reduce stresses 25 percent for three-layer (four-ply) panels over 5J8 inch (16 mm) thick. 
6Thickness not applicable to underlayment and C-C plugged. 
7Use Group 3 stresses for structural II. 
8Use Group 4 stresses for underlayment and C-C plugged 24 inches (610 mm) on center. 
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SPECIES 
COMBI- OUTER 
NATION LAMINA-

SY noNS/ 
M- CORE 

BOL4 LAMINA-
TIONS5 

1 2 

16F.V1 DFIWW 

16F-V2 HF/HF 

16F.V3 DF/DF 

16F-V8 DFS/DFS 

16F.V4 DF/N3WW 

16F-V5 I DF/M3DF 

TABLE 23-1-C-1, PART A-ALLOWABLE UNIT STRESSES FOR STRUCTURAL GLUED-LAMINATED 
TIMBER FOR NORMAL LOADING DURATION1,2,3 

Members stressed principally in bending with load applied perpendicular to the wide faces of the laminations 
BENDING ABOUT X-X AXIS BENDING ABOUT Y·Y AXIS 

Loaded Perpendicular Loaded Parallel 
to Wide Faces of to Wide Faces ol 
Laminations Laminations 

AXIALLY LOADED 

Compression Horizontal 
Extreme Fiber in Bending Perpendicular to Shear ~'r 

/)u Grain Fe .Lui Compres- psi (Fo 
members 

Extreme sion Per- with 
C!'m~s- Modulus Fiber in pendicu- multiple- Modulus Com pres- Modulus Tension s1on ne of Bend- larto Horizon- piece ol Tension sion Par- ol Zone Stressed ings7.1D Grain laminations Parallel allelto 

Stressed in in Ten- Tension Com pres- Horizontal Elasticity tal Shear which are Elasticity to Grain Grain Elasticity 
Tension7.1 sion' Face sion Face Shear_Fru fuix 1),., Fc.L,.,i F.,., not ed~e 

x1J:si 
ll. Fc. f& 

psi psi psi psi pSI 101 psi psi psi psi glued) 1 pSI PSI X 1Q& psi 
x 0.006891or N/mmZ 

3 I 4 I 5 6 7 8 9 10 I 11 I 12 I 13 14 15 16 

Visually Graded Western Species 
The following lour combinations are not balanced and are lor either dry or wet use. 

56012.13 56012,13 14014.10 1.3 950 255 130 65 1.1 675 975 1.1 
50016 37516 155 1.4 1,250 375 135 70 1.3 875 1,300 1.3 

1,600 BOO 56012.13 560 165 1.5 1,450 560 145 75 1.5 950 1.550 1.5 

650 500 165 1.2 1.200 500 145 75 1.1 825 1.350 1.1 
The following two combinations are Intended for straight or slightly cambered members for dry use and Industrial appearance.17 

1 65o I 56o12 9013,16 1.518 900 I 255 I 130 65 I 1.318 650 1 600 1.3 
1,600 800 

1 65o 56Q12 I 9019 1.6 1.000 I 470 I 135 70 I 1.5 750 875 1.5 

The following two combinations are balanced and are intended for members continuous or cantilevered over supports and provide equal capacity In both positive and negative bending. 

16F.V6 DF/DF 56012.13 56012 165 1.5 1.450 560 145 75 1.4 950 1,550 1.5 
16F-V7 HF/HF 1,600 1,600 37516 37516 155 1.4 1,200 375 135 70 1.3 850 1,350 1.3 

The following seven combinations are not balanced and are for either dry or wet use. 

20F.V1 DFIWW 650 56012 14014,15 1.418 1,000 255 130 65 1.218 750 1,000 1.2 

20F.V2 HF/HF 50016 37516 155 1.5 1,200 375 135 70 1.4 950 1.350 1.4 

20F.V3 DF/DF 650 56012 165 1.6 1,450 560 145 75 1.5 1,000 1,550 1.5 

20F.V4 OF/OF 2,000 1,000 59012,13 56012 165 1.6 1,450 560 145 75 1.6 1,000 1,550 1.6 

20F.V10 OF/HF 650 560 155 1.5 1,300 375 135 70 1.4 950 1,500 1.4 
20F-V11 OFS/DFS 650 500 165 1.3 1.400 500 145 75 1.1 900 1.400 1.1 
20F-V12 AC/AC 560 560 190 1.5 1,200 470 165 80 1.4 900 1,500 1.4 
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The following two combinations are intended for straight or slightly cambered members for dry use and industrial appearance.11 

20F-Y5 DF/N3WW 650 56Q12 9014.20 1.6 I 1.000 255 135 I 70 1.3 750 725 1 1.3 

20F·V6 DF/M3DF 2.000 1.000 
650 56Q12 9019 1.6 I 1.000 470 135 I 70 1.5 775 9001 1.5 

The following three combinations are balanced and are Intended for members continuous or cantilevered over supports and provide equal capacity In both positive and negative bending. 

20F-V7 DF/DF 650 650 165 1.6 1.450 560 145 75 1.6 1.000 1.600 1.6 

20F-V8 DF/DF 2.000 2.000 59012.13 59012.13 165 1.7 1.450 560 145 75 1.6 1.000 1.600 1.6 

20F-Y9 HF/HF 50016 50016 155 1.5 1.400 375 135 70 1.4 975 1.400 1.4 

The following five combinations are not balanced and are for either dry or wet use. 

22F-Y1 DF/WW 650 56012 14014 1.618 1,050 255 130 65 1.318 850 1,100 1.3 

22F-Y2 HF/HF 50016 50016 155 1.5 1,250 375 135 70 1.4 950 1,350 1.4 

22F-Y3 DF/DF 2,200 1,100 650 56Q16 165 1.7 1,450 560 145 75 1.6 1,050 1,500 1.6 

22F-Y4 DF/DF 59012,13 56012 165 1.7 1.450 560 145 75 1.6 1,000 1,550 1.6 

22F-Y10 DF/DFS 650 56012 165 1.6 1,600 500 145 75 1.3 1,000 1,400 1.3 

The following two combinations are Intended for straight or slightly cambered members for dry use and Industrial appearance.11 

22F-V5 DF/3WW I 1 650 I 56o12 I 9014.2o I 1.618 I 1,100 255 135 I 75 1.418 I 8oo 1 725 1.4 

22F-V6 DF/M3DF 
2,200 1,100 1 65o I 56o12 go19 I 1.7 I 1,250 470 135 I 75 I 1.6 I 9001 925 1.6 

The following three combinations are balanced and are Intended for members continuous or cantilevered over supports and provide equal capacity in both positive and negative bending. 

22F-V7 DF/DF 650 650 165 1.8 1,450 560 145 75 1.6 1,100 1,650 1.6 

22F-V8 DF/DF 2,200 2,200 59012,13 59012,13 165 1.7 1,450 560 145 75 1.6 1,050 1,650 1.6 

22F-V9 HF/HF 50016 50016 155 1.5 1.250 375 135 70 1.4 975 1,400 1.4 

The following six combinations are not balanced and are for either dry or wet use. 

24F-Y1 DF/WW 650 650 14015 1.718 1.250 255 130 70 1.418 1,000 1,300 1.4 

24F·V2 HF/HF 50016 50016 155 1.5 1,250 375 135 70 1.4 950 1,300 1.4 

24F.V3 DF/DF 650 56012 165 1.8 1,500 560 145 75 1.6 1,100 1,600 1.6 

24F.V4 DF/DF 2.400 1,200 
650 650 165 1.8 1,500 560 145 75 1.6 1,150 1,650 1.6 

24F-Y5 DF/HF 650 650 155 1.7 1.350 375 140 70 1.5 1,100 1,450 1.5 

24F-Y11 DF/DFS 650 56012 165 1.7 1,600 500 145 75 1.4 1,150 1,700 1.4 

The following two combinations are intended for straight or slightly cambered members for dry use and industrial appearance.17 

24F-Y6 DF/N3WW I 650 56012 I 902.3.14,20 1.718 1,200 255 140 70 1.518 950 800 1.5 

24F-V7 I DF/M3DF_ 
2
•
400 1

•
200 

650 56012 9019 1.7 1,250 470 135 I 70 I 1.6 I 900 950 I 1.6 

The following three combinations are balanced and are intended for members continous or cantilevered over supports and provide equal capacity in both positive and negative bending. 

24F-V8 DF/DF 650 650 165 1.8 1.450 560 145 75 1.6 1,100 1,650 1.6 

24F-Y9 HF/HF 2.400 2.400 50016 50016 155 1.5 1,500 375 135 70 1.4 1,000 1.450 1.4 

24F.V10 DF/HF 650 650 155 1.8 1.400 375 140 70 1.6 1,150 1,600 1.6 

Wet-use factors2 0.8 0.8 0.667 0.667 0.875 0.833 0.8 0.667 0.875 0.875 0.833 0.8 0.73 0.833 
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SPECIES 
COMBI· OUTER 
NATION LAMINA-

SY TIONS/ 
M- CORE 

BOL4 LAMINA-
TIONS5 

1 2 

16F·E1 WWIWN 

16F·E222 HF/HF 

16F·E3 DF/DF 

16F·E4 DF/N3WW 

16F·E5 DF/M3DF 

TABLE 23-1-C-1, PART A-ALLOWABLE UNIT STRESSES FOR STRUCTURAL GLUED-LAMINATED 
TIMBER FOR NORMAL LOADING DURATION1,2,3-(Continued) 

BENDING ABOUT X·X AXIS BENDING ABOUT Y·Y AXIS 

Loaded Perpendicular Loaded Parallel 
to Wide Faces of to Wide Faces of 
Laminations Laminations 

Compression Horizontal 
Extreme Fiber in Bending Perpendicular to Shear F.,. 

fJJu Grain fc.iu6 Compres· psi (For 
members 

Extreme sion Per· with 
Com~res· Modulus Fiber in pendicu· mu!tiple· Modulus 

Tension sion one of Bend· larto Horizon- p1ece of Tension 
Zone Stressed 

Elasticity ings7. 10 Grain tal Shear 
laminations Elasticity Parallel 

Stressed in in Ten· Tension Compres· Horizontal which are to Grain 
Tension7.a sion• Face sion Face Shear_Fm Eu'x fJJrr fc.irr6 F.,. noted~e x1~:si li. psi psi psi psi pSI 10& psi psi psi psi glued) 1 pSI 

x 0.00689 for N/mm2 
3 4 5 6 7 8 g 10 11 12 13 14 

E-Rated Western Species 

The following three combinations are not balanced and are for either dry or wet use. 
25521 25521 14014,15 1.318 1,050 255 125 65 1.218 725 

1,600 800 50023 50023 155 1.4 1,250 375 135 70 1.3 825 

650 650 165 1.6 1,450 560 145 75 1.5 975 

The following two combinations are intended for straight or slightly cambered members for dry use and industrial appearance.11 

650 650 go2,3,14,20 1.618 900 255 130 65 1.318 675 
1.600 800 

650 650 9Q19 I 1.6 1,050 I 470 135 70 1.5 700 

AXIALLY LOADED 

Compres· Modulus 
sion Par· of allello Elasticity Grain 

Fe. fl 
pSI x1o& psi 

15 16 

925 1.2 

1,200 1.3 

1,600 1.5 

675 1.3 

900 1.5 

The following two combinations are be lanced and ara intended for members continuous or cantilevered over supports and provide equal capacity In both positive and negative bending. 

16F·E6 DF/DF I 1 650 650 165 1.6 1,500 560 145 75 1.5 1.000 1,600 1.5 
16F-E722 HF/HF I 

1.600 1,600 50023 50Q23 155 1.4 1.250 375 135 70 1.3 850 1,150 1.3 

The following four combinations are not balanced and are for either dry or wet use. 
20F·E1 WWIWN 25521 25522 14014.15 1.618 1,100 255 125 65 1.318 800 1,050 1.3 

20F·E222 HF/HF 50023 50023 155 1.6 1.400 375 135 70 1.4 925 1,550 1.4 

zor-t3 ur;ur 2.000 1.000 
650 650 165 1.7 1,550 ::iOG ' ' 1 !'len i cc:n ~.S '"" '" '·" .......... . ........... 

20F·E8 ES/ES 450 450 145 1.5 1.400 300 125 65 1.4 800 1,000 1.4 

The following two combinations are Intended for straight or slightly cambered members for dry use and Industrial appearance.11 
20F·E4 DF/N3WW I 650 650 9Q2.3.14,20 1.618 1,100 255 130 65 1.418 800 700 1.4 
20F·E5 DF/N3DF I 2.000 1,000 

1 65o 650 9019 I 1.7 1,300 I 470 I 135 I 70 1.6 825 1 975 1 1.6 
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The following two combinations are balanced and are Intended for members continuous or cantilevered over supports and provide equal capacity in both positive and negative bending. 

20F·E6 DF/DF 650 650 165 1.7 1,600 560 145 75 1.6 1.150 1,650 1.6 
20f-E722 HF/HF 2,000 2,000 50023 50023 155 1.6 1,500 375 135 70 1.4 1,050 1,550 1.4 

The following two combinations are not balanced and are for either dry or wet use. 
22F-E1 DF/DF I 650 650 165 1.7 1,550 560 145 75 1.6 1,050 1,600 1.6 

22F-E222 HF/HF 2,200 1,100 51J023 51J023 155 I 1.6 1,400 375 135 I 70 1.4 I 950 1.4oo 1 1.4 

The following two combinations are Intended for straight or slightly cambered members for dry use and industrial appearance.20 

22F·E3 DF/N3WW I 650 1 65o 902.3,14.20 I 1.718 I 1,250 1 255 135 I 70 I 1.418 I 825 750 1 1.4 

22F-E4 DF/N3DF I 2,200 1,100 
650 1 650 9Q19 I 1.8 I 1,350 1 470 135 I 70 I 1.6 I 950 95o 1 1.6 

The following two combinations are balanced and are Intended for members continuous or cantilevered over supports and provide equal capacity in both positive and negative bending. 

22F-E5 DF/DF 650 1 65o 165 1.7 1,650 560 145 75 1.6 1,100 1,650 1.6 
22F-E622 HF/HF 2,200 2,200 51J023 51J023 155 1.7 1,550 375 135 70 1.5 1,050 1,500 1.5 

The following six combinations are not balanced and are for either dry or wet use. 

24F·E1 DF/DF 650 650 165 1.8 1,550 560 145 75 1.6 1,100 1,600 1.6 
24F-E222 HF/HF 51J023 50023 155 1.7 1,300 375 135 70 1.5 850 1,400 1.5 

24F-E3 DF/HF 2,400 1,200 650 50023 155 1.8 1,500 375 135 70 1.5 1,050 1,550 1.5 

24F·E4 DF/DF 650 650 165 1.8 1,650 560 145 75 1.7 1,100 1,700 1.7 

24F·E5 DF/DF 650 650 165 1.8 1,650 560 145 75 1.6 1,100 1,550 1.6 
24F-E622 HF/WW 51J023 5oo23 14014,15 1.818 1,100 255 130 65 1.418 750 1,250 1.4 

The following five combinations are intended for straight or slightly cambered members for dry use and Industrial appearance.11 

24F-E14 DF/DF 650 650 165 1.8 1,450 560 145 75 1.6 950 1,600 1.6 

24F·E15 HF/HF 51J023 5oo23 155 1.8 1,300 375 135 70 1.5 950 1,200 1.5 

24F-E7 DF/N3WW 2,400 1,200 650 650 go2,3,14,20 1.918 1,400 255 135 70 1.618 975 875 1.6 

24F-E8 DF/N3DF 650 650 go19 1.9 1.400 470 135 70 1.7 1,000 1,050 1.7 
24F·E922 HF/N3HF 50Q23 50023 go20 1.8 1,350 375 135 70 1.6 950 825 1.6 

The following eight combinations are balanced and are intended for members continuous or cantilevered over supports and provide equal capacity In both positive and negative bending. 

24F-E10 DF/DF 650 650 165 1.9 1,850 560 145 75 1.7 1,300 1,750 1.7 
24F·E1122 HF/HF 50023 50023 155 1.8 1,600 375 135 70 1.5 1.150 1,550 1.5 

24F·E12 DF/HF 650 650 155 1.9 1.750 375 135 70 1.6 1,200 1,600 1.6 

24F-E13 DF/DF 2,400 2,400 650 650 165 1.8 1,950 560 145 75 1.7 1,250 1.700 1.7 

24F-E16 HF/HF 500", sao<> 155 1.7 1,300 3/b l:Jb IU l.o ~ou 1,4W l.b 

24F·E17 HF/WW 50023 50023 14014,15 1.818 1,100 255 13014 6514 1.418 750 1,250 1.4 

24F-E18 DF/DF 650 650 165 1.8 1.450 560 145 75 1.6 950 1,600 1.6 

24F-E19 HF/HF soo23 50023 155 1.8 1,300 375 135 70 1.5 950 1,200 1.5 

Wet-use factors2 0.8 0.8 0.667 0.667 0.875 0.833 0.8 0.667 0.875 0.875 0.833 0.8 0.73 0.833 
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SPECIES 
COMBI- OUTER 
NATION LAMINA-

SY TIONS/ 
M- CORE 

BOL4 LAMINA-
TIONS5 

1 2 

16F.V1 SP/SP 

16.F.V2 SP/SP 

16F.V3 SP/SP 

16F.V4 SP/SP I 

TABLE 23-1-C-1, PART A-ALLOWABLE UNIT STRESSES FOR STRUCTURAL GLUED-LAMINATED 
TIMBER FOR NORMAL LOADING DURATION1,2,3-{Continued) 

BENDING ABOUT X-X AXIS BENDING ABOUT Y-Y AXIS 

Loaded Perpendicular Loaded Parallel 
lo Wide Faces of lo Wide Faces of 
Laminalions Laminalions 

Compression Horizonlal 
Extreme Fiber in Bending Perpendicular lo Shear ~7' 

fm Grain Fc .L ni Compres- psi (Fo 
membe11 

Extreme sion Per- wilh 
Com~s- Modulus Fiber in pendicu- multiple- Modulus 

Tension sion ne of Bend- lar lo Horizon- piece of Tension 
Zone Slressed ElaSiicily ings7.10 Grain lal Shear 

laminalions ElaSiicily Parallel 
Slressed in in Ten- Tension Com pres- Horizonlal which are loGrain 
Tension7.1 sion9 Face sion Face Shear_Fr.u fuix /j,yy Fc.Lyyi F., nol ed~e x1J~si li. psi psi psi psi pSI 1o& psi psi psi psi glued) 1 PSI 

x 0.00689 lor N/mm2 

3 I 4 I 5 I 6 7 I 8 I 9 I 10 11 12 13 14 

Visually Graded Southern Pine 
56012.13 56012 200 1.4 1.450 560 175 90 1.3 950 

1,600 800 50012,13 50012 200 1.4 1,600 560 175 90 1.4 1,000 

650 650 200 1.4 1.450 560 175 90 1.3 975 
The following combination is Intended for straight or slightly cambered members for dry use and Industrial appearance.17 

1,600 BOO 56012,13 56012 9024 1.3 975 470 150 75 1.2 650 

AXIALLY LOADED 

Compres- Modulus 
sion Par- of allello Elaslicily Grain 

Fe. f& 
PSI X 101 psi 

15 16 

1.450 1.3 

1,550 1.4 

1,450 1.3 

95o 1 1.2 
The following combination is balanced and intended for members continuous or cantilevered over supports and provides equal capacity in both positive and negetlve bending. 

16F-V5 SP/SP I 1600 1600 56012.13 56012,13 200 1.4 1.600 560 175 85 1.4 1.000 1,550 1.4 

The following three combinations are not balanced and are for either dry or wet use. 

20F.V1 SP/SP 650 56012 200 1.5 1.450 560 175 85 1.4 1,000 1.450 1.4 

20F.V2 SP/SP 2,000 1,000 650 56012 200 1.6 1.450 560 175 85 1.4 1,050 1.550 1.4 

20F.V3 SP/SP 56012,13 56012 200 1.4 1,600 560 175 85 1.4 1,000 1.500 1.4 

The following combination is intended for straight or slightly cambered members for dry use and industrial appearance.11 

20F.V4 I SP/SP I 2,000 I 1.000 1 650 56012 9024 1.5 1.100 I 470 150 75 1.3 725 950 1.3 

1 ntt iuiiuwiny toumUim:~iiuu i::; iJ~ii:ln!w.U um.i iui.t=.-n.itni iur u-tt=,-,-,Ut:ro ... Ufti.iiiUUUoi Ui ~frlliCVi-li-U UVCi .iUppUit.i GiiU p;,;:r.;i~.i ~qua: capacity iii bV!h p;;~!!!._.; ~;-::: ;-:;:g::!!~::: ~:::;-:::!;-:;. 

20F-V5 SP/SP 2,000 2.000 650 560 200 1.6 1,450 650 175 85 1.4 1.o5o 1 1.55o 1 1.4 

The following three combinations are not balanced and are for either dry or wet use. 

22F.V1 I SP/SP I 

I 
1 65o 650 200 1.6 1,600 I 560 175 85 1.5 1,050 1,650 1.5 

22F-V2 I SP/SP 2,200 1,100 I 56o12,13 56012 200 1.4 I 1.600 I 560 175 85 1.4 I 1,000 1,500 1.4 

22F-V3 I SP/SP I 1 65o 1 55012 1 2oo I 1.6 I 1,500 I 560 I 175 I 85 I 1.4 I 1,o5o 1 1.5oo 1 1.4 
·-
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The following combination is intended for straight or slighUy cambered members for dry use and Industrial appearance.11 

22F-V4 SP/SP 2.200 1.100 650 56012 9()24 1.6 1.250 470 155 75 1.4 B25 1.000 1.4 

The following combination Is balanced and Intended for members continuous or cantilevered over supports and provides equal capacity In both positive and negative bending. 

22F.Y5 SP/SP 2.200 2,200 650 650 200 1.6 1,600 I 560 175 B5 15 1,050 1,600 1.5 

The following four combinations are not balanced and are for either dry or wet use. 

24F-V1 SP/SP 650 56012 200 1.7 1.500 560 175 B5 1.5 1,100 1,350 1.5 

24F-V2 SP/SP 2,400 1,200 650 650 200 1.7 1,600 560 175 B5 1.5 1.100 1,600 1.5 

24F-V3 SP/SP 650 650 200 1.B 1,600 560 175 B5 1.6 1,150 1,700 1.6 

24F-V6 SP/SP 650 650 200 1.7 1,500 560 175 90 1.5 1,150 1,750 1.5 

The following combination Is Intended for straight or slightly cambered members for dry use and industrial appearance.11 

24F.Y4 SP/SP 2,400 1,200 650 56012 9024 1.7 1,250 470 155 75 1.4 B50 1,050 1.4 

The following combination is balanced and Intended for members continuous or cantilevered over supports and provides equal capacity in both positive and negative bending. 

24F-V5 SP/SP 2,400 2,400 1 65o 650 1 200 1.7 I 1,600 560 175 90 1.5 I 1,150 1 1,700 1.5 

Wet-use factors2 O.B O.B 1 o.667 0.667 O.B75 O.B33 O.B 0.667 O.B75 O.B75 O.B33 I o.B 1 0.73 O.B33 

E-Rated Southern Pine 
The following combination Is not balanced and Is for either dry or wet use. 

16F-E1 SP/SP 1,600 BOO 650 650 1 200 I 1.6 I 1,550 I 560 I 175 I 90 1.5 1,050 1,600 1.5 

The following combination Is Intended for straight or slightly cambered members for dry use and Industrial appearance.11 

16F-E2 I SP/SP 1,600 I BOO 1 65o 650 9024 1.6 950 470 145 75 1.3 I 100 1 1,050 1.3 

The following combination is balanced and intended for members continuous or cantilevered over supports and provides equal capacity in both positive and negative bending. 

16F-E3 I SP/SP 1.600 1,600 650 650 200 1.6 1,700 560 175 90 1.5 1.100 1,650 1.5 

The following combination is not balanced and Is for either dry or wet use. 

20F-E1 I SP/SP 2,000 1,000 650 650 200 1.7 1,600 560 175 90 1.5 1,050 1,600 1.5 

The following combination Is Intended for straight or slightly cambered members for dry use and industrial appearance.11 

20F-E2 SP/SP 2,000 1,000 650 650 9024 1.6 1.100 470 150 75 1.4 750 1,000 1.4 

The following combination is balanced and Intended for members continuous or cantilevered over supports and provides equal capacity In both positive and negative bending. 

20F-E3 SP/SP 2,000 2,000 650 650 200 I 1.7 I 1,BOO I 560 I 175 90 1.5 1.150 1,700 1.5 

The following combination is not balanced and is for either dry or wet use. 

22F-E1 I SP/SP I 2.200 I 1,100 650 650 200 1.7 1,600 560 175 90 1.5 1,050 1,65o 1 1.5 

The following combination Is Intended for straight or slightly cambered members for dry use and Industrial appearance.11 

22F-E2 SP/SP 2.2oo 1.1oo 65o 65o 9024 1.6 1.25o 47o 155 Bo -~ 1.4 1 B5o 1 1,050 1.4 

The following combination is balanced and intended for members continuous or cantilevered over supports and provides equal capacity in both positive and negative bending. 

22F-E3 SP/SP I 2.200 I 2.200 650 1 65o 200 1.7 1,750 560 175 90 1.5 I 1.150 1,650 1.5 

The following two combinations are not balanced and are for either dry or wet use. 

~ 
24F-E1 I SP/SP 650 650 200 1.B 1,600 560 175 90 1.6 1,100 1.750 1 1.6 

24F-E2 I SP/SP I 
2,400 1.200 

650 I 650 200 I 1.9 l 1,7oo 1 560 J~ l 90 I 1.6 1.150 1.100 1 1.6 

(Continued) 
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i TABLE 23-1-C-1, PART A-ALLOWABLE UNIT STRESSES FOR STRUCTURAL GLUED-LAMINATED 
TIMBER FOR NORMAL LOADING DURATION1,2,3-{Continued) 

BENDING ABOUT X-X AXIS BENDING ABOUT Y·Y AXIS 

Loaded Perpendicular Loaded Parallel 
lo Wide Faces ol lo Wide Faces of 
Laminations Laminations 

SPECIES AXIALLY LOADED COMBI· OUTER 
NATION LAMINA- Compression Horizontal 

SY liONS/ EI!reme Fiber in Bending Perpendicular to Shear Frw 
M- CORE /)u Grain Fe .Lu& Compres- psi (For 

BOL4 LAMINA· members 
TIONS5 Extreme sion Per- with 

Com~res- Modulus Fiber in pendicu- multiple· Modulus Com pres- Modulus Tension sion one of Bend· lar to Horizon- piece of Tension sion Par- of Zone StresHd 
Elasticity ings7,to Grain tal Shear 

laminations 
Elasticity Parallel allelto 

Elasticity Stressed in in Ten- Tension Com pres- Horizontal which are to Grain Grain 
Tension7.1 sion9 Face sion Face Shear_Fru Eu'x 1), Fe.Lw6 Frw noted~e 

x11J:si 
Fi. Fe. E' 

psi psi psi psi pSI 1o& psi psi psi psi glued) 1 pSI psi x1o& psi 
x 0.00689 for NJmm2 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

E-Rated Southern Pine-{Continued) 

The following combination Is Intended for straight or slightly cambered members for dry use and industrial appearance.11 
24F-E3 SP/SP 2,400 1,200 1 650 650 go24 1.8 1,300 470 I 155 80 I 1.5 95o I 1,100 1.5 

The following combination Is balanced and Intended for members continuous or cantilevered over supports and provides equal capacity in both positive and negative bending. 
24F-E4 SP/SP 2,400 I 2,400 650 650 200 1.8 2,000 560 175 90 1.6 1,250 1,750 1.6 

Wet-use factors2 0.8 0.8 0.53 0.53 0.875 I 0.833 0.8 I 0.53 0.875 0.875 I 0.833 o.8 I 0.73 0.833 

1The combinations in this table are applicable to members consisting of four or more laminations and are intended primarily for members stressed in bending due to loads 
applied perpendicular to the wide faces of the laminations. Design values are tabulated, however, for loading both perpendicular and parallel to the wide faces of the 
laminations. For combinations and design values applicable to members loaded primarily axially or parallel to the wide faces ofthe laminations, see Table 23-1-C- I. Part 
B. For members of two or three laminations, see Table 23-I-C- I, Part B. 

2The tabulated design values are for dry conditions of use. To obtain wet-use design values, multiply the tabulated values by the factors shown at the end of the table. 
3The tabulated design values are for normal duration of loading. For other durations of loading, see Section 2304.3.4. 
4The combination symbols relate to a specific combination of grades and species that will provide the design values shown for the combinations. The first two numbers in 

the combination symbol correspond to the design value in bending shown in Column 3. The letter in the combination symbol (either a "V" or an "E") indicates whether 
the combination is made from visually graded (V) orE-rated (E) lumber in the outer zones. 

5The sym.b~!s !!sed f~!" species :rre .A.C- .A.!~k:! cedar, DF- Da~gh:!.S f!r-!at'::'h, DFS- D0'.!g!~s fir S0•-~th, HF = h~m-fir, WW = "nftwoocl ~rf"~i~"- SP =southern pine and 
ES =eastern spruce. (N3 refers to No.3 structural joists and planks or structural light-framing grade.) Softwood species (WW) and eastern spruce are included in the general 
category of western species although eastern spruce and some softwood species are produced in other areas. 

6The duration of load modification factors given in Section 2304.3.4 shall not apply. 
7The tabulated design values in bending are applicable to members 12 inches (305 mm) or less in depth. For members greater than 12 inches (305 mrn) in depth, the 

requirements of Section 2312.4.5 apply. 
8The design values in bending about the x-x azis (Fhx) in this column for bending members shall be multiplied by 0.75 when the member is manufactured without the required 

special tension laminations. 
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9Design values in this column are for extreme fiber stress in bending when the member is loaded such that the compression zone laminations are subjected to tensile stresses. 
The values in this column may be increased 200 pounds per square inch (psi) ( 1.38 N/mm2) where end-joint spacing restrictions are applied to the compression zone when 
stressed in tension. 

IOpootnote 7 to Table 23-I-C-1, Part B, also applies. 
II These values for horizontal shear, Fvn·· apply to members manufactured using multiple-piece laminations with unbonded edge joints. For members manufactured using 

single-piece laminations or using multiple-piece laminations with bonded edge joints, the horizontal shear values in Column II apply. 
12Where specified, this value may be increased to 650 psi (4.48 N/mm2) by providing in the bearing area at least one dense 2-inch (51 mm) nominal thickness lamination 

of Douglas fir-larch for western species combinations, or southern pine for southern pine combinations. These dense laminations must be backed by a medium-grain 
lamination of the same species. 

l3for bending members greater than 15 inches (381 rom) in depth, the design value for compression stress perpendicular to grain is 650 psi (4.48 N/mm2) on the tension 
face. 

14When Douglas fir south is used in place of all of the western wood laminations required in western species combinations 16F-Vl, 16F-V4, 20F-Vl, 20F-V5, 22F-VI, 
22F-V5, 24F-VJ, 24F-V6, 16F-El, J6F-E4, 20F-El, 20F-E4, 22F-E3, 24F-E6 and 24F-E7, the design value for horizontal shear is the same as for combinations using 
all Douglas fir-larch [Fv.u = 165 psi (1.14 N/mm2) and Fvy- = 145 psi (1.00 N/mm2) for L3; and Fvxx = 90 psi (0.62 N/mm2) and Fvyy = 135 psi (0.93 N/mm2) for N3]. 

15The following species may be used for softwood species (WW), provided the design values in horizontal shear in Column 7 (Fvxl and in Column II (Fvyl are reduced 
by I 0 psi (0.07 Nfmm2), and the design values in horizontal shear in Column 12 (Fvy) are reduced by 5 psi (0.03 N/mm2): coast sitka spruce, coast species, eastern white 
pine (north) and western white pine. 

16Where specified, this value may be increased by providing at least two 2-inch (51 mm) nominal thickness Douglas fir-larch laminations in the bearing area. The 
compression-perpendicular-to-grain design values for Douglas fir-larch are 560 psi (3.86 N/mm2) for medium grain and 650 psi (4.48 N/mm2) for dense. 

17These combinations are for dry conditions of use only because they may contain wane. They are recommended for industrial appearance grade and for straight or slightly 
cambered members only. If wane is omitted these restrictions do not apply. 

IS The following s~ecies may be used for softwood species (WW), provided the design values in modulus of elasticity (Ex and F,.) in Columns 8 and 13 are reduced by I 00,000 
psi (689 N/rnm ): western cedars, western cedars (north), white woods (western woods) and California redwood-open grain. 

19This value may be increased to 110 psi (0.76 N/mm2) when the member does not contain coarse-grain material; to 140 psi (0.96 N/mm2) when the member does not contain 
wane on both sides or the member does not contain coarse-grain material and wane on one side; to 165 psi ( 1.14 N/mm2) when the member does not contain coarse-grain 
material and wane on both sides. 

2D-Jbis value may be increased to 140 psi (0.96 N/mm2) for softwood species (WW) and to 155 psi (1.07 N/mm2) for hem-fir when the member does not contain wane on 
both sides; to 115 psi (0.79 Nfrnm2) for softwood species (WW) and to 130 ~si (0.90 N/mm2) for hem-fir when the member does not contain wane on one side. 

21 The compression-perpendicular-to-grain design value of 255 psi ( 1.76 N/mm ) is based on the lowest strength species of the western woods group. If at least one 2-inch 
(51 mm) nominal thickness lamination ofE-rated hem-fir with the same E value, orE-rated Douglas fir-larch 200,000 psi ( 1378 N/mm2) higher in modulus of elasticity 
(E) than that specified is used in the bearing area on the face of the member subjected to the compression-perpendicular-to-grain stress, F c l. may be increased to 375 
psi (2.58 Nfmm2). If at least two 2-inch (51 mm) nominal thickness laminations of E-ra ted hem-fir with the same E value, orE-rated Douglas fir-larch 200,000 psi ( 1378 
N/mm2) higher in modulus of elasticity than that specified are used in the bearing area on the face of the member subjected to the compression-perpendicular-to-grain 
stress, Fcl. may be increased to 500 psi (3.45 N/mm2). 

22E-rated Douglas fir-larch 200,000 psi ( 1378 N/mm2) higher in modulus of elasticity may be substituted for the specified E-rated hem-fir. 
23Where specified, this value may be increased to 650 psi (4.48 N/mm2) by providing in the bearing area at least one 2-inch (51 mm) nominal thickness lamination of Douglas 

fir-iarch for western specit:s <;oinbinmiuns, ur unt! 2-iucit (.3 i uuu) uuutiuai i.itiLkHc::t::t ldiHiua.ii.:.~~-. vf suuthGt"ii pi~tc fvt suut!icw piii\: ~vwbi»utivu:; hu~;i~g ~ :r!~d~h.:~ ~f 
elasticity (E) value 200,000 psi ( 1378 N/mm2) higher than the E value specified. 

24This value may be increased to 140 psi (0.96 N/mm2) when the member does not contain coarse-grain material or when the member does not contain wane on both sides; 
to 165 psi (1.14 N/mm2) when members do not contain coarse-grain material or wane on one side; or to 200 psi (1.38 N/mm2) when the member does not contain both 
coarse-grain material and wane on both sides of the member. 
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TABLE 23-1-C-1, PART B-ALLOWABLE UNIT STRESSES FOR STRUCTURAL GLUED-LAMINATED TIMBER 
FOR NORMAL LOADING DURATION1,2,3 

Members stressed principally in axial tension or compression or in bending with load applied parallel to the wide faces of the laminations 
BENDING ABOUT Y-Y AXIS BENDING ABOUT X-X AXIS 

Loaded Parallel Loaded 
to Wide Faces Perpen-

AXIALLY LOADED 
of Laminations dicular 

to Wide 

Tension Compression 
Faces of 
Laminations 

Parallel Parallel 
Extreme Fiber in Bending7 Extreme Fiber in to~rain to Grain 

F. 

""" 
Horizontal Shear' F., Bending' l)zz 

COM PRES· 
Hori-

4orMore zontal 
SION PER- Lams(For Sbear 
PENDICU- members Fm 

MODULUS LARTO 4or 4 or with multi- 4or 2Lams 2or 
OF ELAS· GRAIN 2 or More More 2 or3 More pie-piece More to 15 in. 4 or More More 

COMBI- TICITY E' Fe-!- Lams Lams Lams Lams 3Lams 2Lams lamina- Lams 3Lams 2 Lams Deep11 Lams12,13 Lams 
NATION x 11Jipsi PSI psi psi psi psi psi psi tions.)1D psi psi psi psi psi psi 

SY 
SPECIES4 GRADES x D.00689 for Nfmm2 MBOL 

1 2 3 4 5 I 6 7 8 I 9 10 11 12 I 13 I 14 15 I 16 I 17 18 

Visually Graded Western Species 
1 L3 1.5 560 14 900 1,550 1.200 1.450 1.250 1,000 75 145 135 125 1,250 1,500 165 

2 L2 1.7 560 14 1,250 1,900 1,600 1,800 1.600 1,300 75 145 135 125 1,700 2,000 165 

3 L2D 1.8 650 1.450 2,300 1,850 2,100 1,850 1,550 75 145 135 125 2,000 2,300 165 

4 L1CL 1.9 59014 1.400 2,100 1,900 2,200 2,000 1,650 75 145 135 125 1,900 2,200 165 

5 L1 2.0 650 1,600 2.400 2,100 2.400 2,100 1,800 75 145 135 125 2,200 2,400 165 

6 N3C 1.4 470 350 875 550 550 550 550 60 120 115 105 450 - 140 

7 OF N3M 1.5 560 900 1,550 700 1.450 1,250 1,000 75 145 135 125 1,000 - 165 

8 N2 1.6 56014 1,000 1,550 1,150 1,600 1,550 1,300 75 145 135 125 1,350 1,600 165 

9 N2D 1.8 650 1,150 1,800 1,350 1,850 1,800 1,500 75 145 135 125 1,600 1,850 165 

10 N1 1.8 56014 1.300 1,950 1.450 1,950 1.750 1,500 75 145 135 125 1,750 2,100 165 

11 NiD 2.0 650 1,500 2,300 1,700 2,300 2,100 1,750 75 145 135 125 2,100 2.400 165 

12 ss 1.8 56014 1.400 1,950 1,650 2,100 1,950 1,650 75 145 135 125 1,900 2,200 165 

13 SSD 2.0 650 1,600 2,300 1,950 2.400 2,300 1,950 75 145 135 125 2,200 2.400 165 

14 L3 1.3 37514 BOO 1,100 975 1,200 1,050 850 70 135 130 115 1,100 1,300 155 
1S I? 1 4 ~7S14 1 oso 1 ~so 1300 1500 1 350 1100 70 135 130 115 1.450 1.700 155 

16 L1 1.6 37514 1,200 1,500 1,450 1.750 1,550 1,300 70 135 130 115 1,600 1,900 155 

17 HF L1D 1.7 500 1.400 1,750 1,700 2,000 1,850 1,550 70 135 130 115 1,900 2,200 155 

18 N3 1.3 375 425 900 575 700 700 700 70 135 130 115 575 - 155 

19 N2 1.4 375 14 850 1,300 975 1,350 1.300 1,100 70 135 130 115 1,150 1.350 155 

20 N1 1.6 37514 975 1.450 1,250 1.550 1,500 1,250 70 135 130 115 1.350 1,550 155 

21 ss 1.6 37514 1,100 1.450 1,350 1,750 1,650 1.400 70 135 130 115 1,500 1,750 155 
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22 L3 1.0" 255 525 850 
23 N3 1.0" 255 275 625 
24 ww N2 1.1" 255 550 900 
25 N1 1.2" 255 650 1,000 

26 ss 1.2" 255 750 1,000 
59 L3 1.1 500 800 1,400 

60 DFS L2 1.3 500 1.050 1,750 
61 L1 1.5 650 1,350 2,200 

64 D 1.3 300 575 925 

65 04 1.5 450 825 1,050 

66 C4 1.5 450 975 1,550 

67 C6 1.7 450 1,100 1,850 

68 ES B 1.7 450 1,350 1,850 

69 AC L3 1.3 470 700 1,150 

70 AC L2 1.4 470 1,000 1,450 

71 AC L1D 1.7 560 1,250 1,900 

72 AC L1S 1.7 560 1,250 1,900 

27 1/2-1.8E 1.8 650 900 1,750 

28 1/2-2.0E 2.0 650 1,100 2,000 

29 1/2-2.2E 2.2 650 1,250 2,300 

30 OF 1i6-1.8E 1.8 650 1,550 2,100 

31 1/5-2.0E 2.0 650 1,800 2,400 

32 1/5-2.2E 2.2 650 1,800 2,400 

62 1/2-2.1E 2.1 650 1,150 2,200 

63 1J6-2.1E 2.1 650 1,800 2,400 

33 1/2-LSE 1.5 500 800 1,050 

34 1J2-1.8E 1.8 500 900 1,300 

35 1/2-2.0E 2.0 500 1,100 1,550 

36 
HF 1J4-1.5E 1.5 500 1,200 1,450 

37 'i6-1.8t 1.8 ;ou 1,bbU l,~bU 

38 1/5-2.0E 2.0 500 1,800 2,400 

39 1/2-1.SE 1.5 255 800 1,200 

40 1/r1.8E 1.8 255 900 1,500 

41 
ww 1/2-2.0E 2.0 255 1.100 1,750 

42 1J4-1.5E 1.5 255 1,200 1,550 
-

N 

~ ..... 

675 800 700 550 60' 0 

450 450 450 450 6010 

700 900 875 725 60'" 
875 1,050 1,000 850 60' 0 

1,000 1,150 1,100 925 6010 

1,050 1,200 1,050 850 75 

1.400 1,750 1.550 1,150 75 

1,850 2,000 1,800 1,500 75 

850 950 925 875 65 

1,050 1,350 1,350 1,350 65 

1,200 1,750 1,750 1,700 65 

1,450 1,950 1,950 1,900 65 

1,800 2,250 2,200 2,150 65 

1,150 1,000 875 700 80 

1,550 1,250 1,100 925 80 
2,050 1,650 1,500 1,250 80 

2,050 1,650 1,500 1,250 80 

E-Rated Western Species 
1,200 1.450 1,250 1,000 75 

1,400 1.450 1,250 1,000 75 

1,550 1,650 1.400 1,150 75 

1,700 2,400 2.400 2,100 75 

1,900 2,400 2.400 2,400 75 

2,100 2.400 2,400 2,400 75 

1,500 1,550 1,350 1,100 75 

2,000 2,400 2,400 2,400 75 

950 1,200 1,050 850 70 

1,200 1,450 1,250 1,000 70 

1,400 1.450 1.250 1,000 70 

1,300 2,100 1,900 1,700 70 

1,/W <',4UU £,40\J l.,lUu tu 
1,900 2,400 2.400 2,400 70 

950 1,200 1,050 850 6Q16 

1,200 1,450 1,250 1,000 6Q16 

1.400 1.450 1,250 1,000 6Q16 

1,300 2,100 1.900 1,700 6Q16 

(Continued) 

120'0 11510 10516 

12010 11510 10510 

12Qlb 115'0 10510 

120'0 115'0 105' 0 

12010 11510 10516 

145 135 125 
145 135 125 
145 135 125 

125 120 110 

125 120 110 

125 120 110 

125 120 110 

125 120 110 

165 160 140 

165 160 140 

165 160 140 

165 160 140 

145 135 125 

145 135 125 

145 135 125 

145 135 125 

145 135 125 

145 135 125 

145 135 125 

145 135 125 

135 130 115 

135 130 115 

135 130 115 

135 130 115 

135 i3U i i5 

135 130 115 
12Q16 115'6 10516 
12Q16 11516 10516 
12Q16 11516 10516 
12Q16 11516 10516 

725 850 
400 -
775 900 
875 1,050 

1,000 1,150 
1,050 1,250 
1,450 1,700 
1,850 2,200 

800 950 
1,150 1,350 

1,400 1,650 

1,550 1,800 

1,900 2,250 

1,000 1,150 

1,350 1,550 

1,700 2,000 

1,700 2,000 

1,250 1,500 
1,500 1,750 

1,700 2,000 

1,800 2,100 

2,100 2.400 
2,300 2,400 

1,600 1,900 

2,200 2,400 

1,100 1,300 

1,250 1,500 

1,500 1,750 

1,400 1,650 

I,OW 2.1W 
2,100 2,400 

1,100 1,300 

1,250 1,500 

1,500 1,750 

1.400 1,650 

14Ql6 
14Qlb 

140'0 

14Ql6 

1401" 
165 
165 
165 

145 

145 

145 

145 

145 

190 

190 

190 

190 

165 

165 

165 

165 

165 

165 

165 

165 

155 

155 

155 

155 

l:i:i 

155 
14Q16 

14016 

14Q16 

14Q16 
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COMBI· 
NATION 

SY 
SPECIES4 MBOL 

1 2 

43 I 
44 I 

ww 

45 

46 
47 

48 SP 

49 

50 
51 

52 

53 
54 

55 
56 

SP 

57 

58 
Wet-use factors2 

TABLE 23-1-C-1, PART B-ALLOWABLE UNIT STRESSES FOR STRUCTURAL GLUED-LAMINATED TIMBER 
FOR NORMAL LOADING DURATION1,2,3--{Continued) 

BENDING ABOUT Y·Y AXIS BENDING ABOUT X·X AXIS 

Loaded Parallel Loaded 
to Wide Faces Perpen-

AXIALLY LOADED 
of Laminations dicufar 

to Wide 
Faces of 

Tension Compression Laminations 
Parallel Parallel 

Extreme Fiber in Bending7 to~rain to Grain Extreme Fiber in 
F. 1), Horizontal Shearl Frrr Bending'l)u 

Horl-
CDMPRES· 4 or More zontal 
SIDN PER· Lams (For Shear 
PENDICU· members Fru 

MODULUS LARTO 4or 4or with multi· 4 or 2Lams 2or 
OF ELAS- GRAIN 2 or More More 2 or3 More pie-piece More to15 in. 4 or More More 
TICITY f!J Fe+ Lams Lams Lams Lams 3 Lams 2Lams lamina- Lams 3Lams 2 Lams Dee~11 Lamst2,t3 Lams 
x1D' psi PSI psi psi psi psi psi psi tions.)tD psi psi psi PSI psi psi 

GRAOE5 x 0.006891or N/mm2 

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

E-Rated Western Species-(Continued) 

I 1fs·1.8E I 1.8 I 255 1,550 1,950 1.1oo 1 2.400 1 2.4oo 2,100 6Q16 I 12o16 11516 1 10516 1 1.aoo 1 2.100 1 14o1" 

I 1/6·2.0E I 2.0 I 255 1,800 2,200 1,9oo 1 2.4oo 1 2.4oo 2,400 6Q16 I 12o1s 11516 1 10516 1 2.100 1 2,4oo 1 14o1s 

Visually Graded Southern Pine 

N3C 1.1 470 325 850 550 550 550 550 60 120 115 105 450 - 140 

N3M 1.3 560 900 1,500 675 1,450 1,250 1,000 90 175 165 150 1,000 - 200 
N2M17 1.4 56Q14 1,200 1,900 1,150 1.750 1,550 1,300 90 175 165 150 1,400 1,600 200 
N2D17 1.7 650 1,400 2,200 1,350 2,000 1,800 1,500 90 175 165 150 1,600 1,900 200 

N1M17 1.7 56014 1,350 2,100 1,450 1,950 1.750 1,500 90 175 165 150 1,800 2,100 200 

N1D1 1.9 650 1,550 2,300 1,700 2,300 2,100 1,750 90 175 165 150 2.100 2,400 200 

SSM 1.7 56014 1,300 1,900 1,600 2,100 1,950 1,650 90 175 165 150 1.750 2,100 200 

SSD 1.9 650 1,500 2,200 1,850 2,400 2,300 1,950 90 175 165 150 2,100 2,400 200 

E-Rated Southern Pine 
1/2·I.8E 1.8 650 900 1,900 1,200 1,450 1,250 1,000 90 175 165 150 1.250 1,500 200 
1i2·2.0E 2.0 650 1,100 ! 2,300 ! 1,400 1,450 1,250 1,000 90 175 165 150 1,600 1,750 200 
1/2·2.2E --2.2 650 1,250 2,400 1,550 1.650 1.400 1,150 90 175 165 150 1,700 2,000 200 
1/5·1.8E 1.8 650 1,550 1,850 1,700 2.400 2,400 2,100 90 175 165 150 1,800 2,100 200 
1i6-2.0E 2.0 650 1,800 2,400 1,900 2,400 2,400 2,400 90 175 165 150 2,100 2,400 200 
1J6-2.2E 2.2 650 1,800 2,400 2,100 2,400 2,400 2,400 90 175 165 150 2,300 2,400 200 

·--
~33 053 --- 0.8 0.73 0.73 0.8 0.8 0.8 0.875 0.875 0.875 0.875 0.8 0.875 ~ -

~ 
.!.. 

0 
.!.. 

.... 
CD 

~ 
c: z 
~ 
::u 
3:: 
Ill 
.:: 
r= 
!2 
z 
C) 

0 
0 c 
m 



~ 
co 

I The combinations in this table are intended primarily for members loaded either axially or in bending with the loads acting parallel to the wide faces of the laminations. 
Design values for bending due to loading applied perpendicular to the wide faces of the laminations are also included; however, the combinations in Table 23-1-C-1, Part 
A, are usually better suited for this condition of loading. The design values for bending about the x-x axis ( Fhxx) shown in Column 16 are for members from two laminations 
to 15 inches (381 mm) deep without tension laminations. Design values approximately 15 percent higher for members with four or more laminations are shown in Column 
17. These higher design values, however, require special tension laminations which may not be readily available. 

2The tabulated design values are for dry conditions of use. To obtain wet-use design values, multiply the tabulated values by the factors shown at the end of the table. 
3The tabulated design values are for normal duration of loading. For other durations of loading, see Section 2304.3.4. 
4The symbols used for species are AC = Alaska cedar, OF= Douglas fir-larch, DFS = Douglas fir south, ES =eastern spruce, HF = hem-fir, WW = softwood species, and 

SP = southern pine. 
5Grade designations are as follows: softwood species (WW) and eastern spruce are included in general category of western species although eastern spruce and some 

softwood species are produced in other areas. 

Visually Graded Western Species 
Ll is Ll laminating grade (dense for Douglas-fir-larch and Douglas fir south). 
LID is Ll dense laminating grade for hem-fir. 
L1 S is a special grade of Alaska cedar. 
L1 CL is Ll close grain laminating grade. 
L2D is L2Iaminating grade (dense). 
L2 is L2 laminating grade (medium grain). 
L3 is L3 laminating grade (medium grain for Douglas fir-larch, Douglas fir south and hem-fir). 
SSD is dense select structural, structural joists and planks, or structural light-framing grade (dense). 
SS is select structural, structural joists and planks, or structural light-framing grade (medium grain for Douglas fir-larch). 
N ID is dense No. I structural joists and planks, or structural light-framing grade (dense). 
Nl is No. I structural joists and planks, or structural light-framing grade (medium grain for Douglas fir-larch). 
N2D is dense No.2 structural joists and planks or structural light-framing grade (medium grain for Douglas fir-larch dense). 
N2 is No.2 structural joists and planks or structural light-framing grade (medium grain for Douglas fir-larch). 
N3M is No.3 structural joists and planks, or structural light-framing grade (medium grain). 
N3C is No. 3 structural joists and planks, or structural light-framing grade (coarse grain). 
N3 is No. 3 structural joists and planks, or structural light-framing grade. 

Visually Graded Southern Pine 
SSD is dense select structural, structural joists and planks, or structural light-framing grade (dense). 
SSM is select structural, structural joists and planks, or structural light-framing grade (medium grain). 
N ID is No. I dense structural joists and planks or structural light-framing grade or No. I boards graded as dense. 
NIM is No. I structural joists and planks, or structural light-framing grade or No. I boards all with a medium grain rate of growth. 
N2D is No. 2 dense structural joists and planks, or structural light-framing grade or No. 2 boards graded as dense. 
l\.T")Jt..f teo 1\Tn. ") cotrnl'"'tnr"ll 1n1ctco "lnrl nl•:mJ...c:- nr C'tnt,....tnr!l) lioht-fr~mina or!ltiP. nr Nn ? hn:1nh: :111 with mPrlinm P"rain r:1t~ of P"fOWth 

N3M ;; N;: 3 ;t;,:;~i~;;j j;;;i; ;;d j;i;;k";: ;; ;i~~i~~;;) iight-f~~i~g g~~d~ ~~ N~. 3 boards all with a mediun'i' grain rate of growth. 
N3C is No. 3 structural joists and planks, or structural light-framing grade or No. 3 boards all with coarse grain rate of growth. 

E-Rated Grades-All Species 
'16-2.2E has 116 edge characteristic with 2.2E. 
'16-2.1E has 116 edge characteristic with 2.1E. 
116-2.0E has 116 edge characteristic with 2.0E. 

(Continued) 
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FOOTNOTES TO TABLE 23-1-C-1, Part B-{Continued) 

lf6-1.8E has 1/6 edge characteristic with 1.8E. 
1f4 -1.5E has lf4 ed~e characteristic with 1.5E. 
lfz-2.2E, 1/z-2.1E, /z-2.0E, 1/z-l.8E are E-rated grades with edge characteristics occupying up to one half of cross section. 

6The duration of load modification factors given in Section 2304.3.4 shall not apply. 

7The values of Fb\'1' were calculated based on members 12 inches (305 mm) in depth (bending about Y-Y axis). When the depth is less than 12 inches (305 mm), the values 
of Fbyy can be increased by multiplying by the following factors. 

DEPTH, (inches) MULTIPLYING FACTOR 
x 25.4formm 

10.75 1.01 
8.75 1.04 

6.75 1.07 
5.125 1.10 
3.125 1.16 

8The design values in horizontal shear contained in this table are based on members without wane. 
9The tabulated design values in bending are applicable to members 12 inches (305 mm) or less in depth. For members greater than 12 inches (305 mm) in depth, the 

requirements of Section 2312.4.5 apply. 
ID-fhese values for horizontal shear, Fvvy• apply to members manufactured using multiple-piece laminations with unbonded edge joints. For members using single-piece 

laminations or using multiple-piece laminations with bonded edge joints, the horizontal shear values tabulated in Columns 13, 14 and 15 apply. 
llThe design values in Column 16 are for members of from two laminations to 15 inches (381 mm) in depth without tension laminations. 
12The design values in Column 17 are for members of four or more laminations in depth and require special tension laminations. When these values are used in design and 

the member is specified by combination symbol, the designer should also specify the required design value in bending. 
13When special tension laminations are not used, the design values in bending about the x-x axis ( hxi shall be multiplied by 0.75 for bending members over 15 inches (381 

mm) deep. For bending members 15 inches (381 mm) and less in depth, use the design values in Column 16. 
14When tension laminations are used to obtain the design value for Fbxx shown in Column 16, the compression perpendicular to grain value, F c .l, for the tension face may 

be increased to 650 psi (4.48 N/mm2) for Douglas fir-larch and southern pine, and to 500 psi (3.45 N/mm2) for hem-fir because the tension laminations are required to 
be dense. 

15The following species may be used for softwood species (WW), provided the modulus of elasticity, E, is reduced by 100,000 psi (689 N/mm2): western cedars, western 
cedars (north), white woods (western woods) and California redwood-open grain. 

16The following species may be used for softwood species (WW) provided the design values in horizontal shear in Column 12 (Fvyi are reduced by 5 psi (0.03 Nfmm2) and 
the de~i~ ~:~h.!e::: i~ h~ri~~r:!~l :::he~!~ C~!!.!!'!'l~~ 13, !"! :!r:d 15 (Fv,) :!..'1d !n C0h.!!TI!! !8 (Fv.~.J :.tr~ r~d!!c~d by !0 p5! (0.06 N/!11m2)· rn~~t ~;:itl.:~ <:prnrP., rn~~t ~!'P.f'ie-c;;. WP.~tP.m 
white pine and eastern white pine. · 

!?combinations 47, 48, 49 and 50 have more restrictive slope of grain requirements than the basic slope of grain of the grades of lumber used in order to obtain higher 
tension-parallel-to-grain values and design values in bending when loaded perpendicular to the wide faces of the laminations. The slopes of grain used to calculate the 
design values in Table 23-1-C-1, Part B, were: Combination 47, 1: 14; Combination 48, 1: 14; Combination 49, 1: 16; and Combination 50, 1:14. When design stresses are 
lower than the design values shown, or when a less restrictive slope of grain provides the same design value, a less restrictive slope of grain may be used. The following 
table gives the design values of these combinations for various slopes of grain: values of Fb.u in Column 5 are for members of two laminations to 15 inches (381 mm) 
in depth without tension laminations, and values in Column 6 are for members of four or more laminations with tension laminations. 
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TENSION PARALLEL COMP. PARALLEL 
TO GRAIN (f7) 2 OR TO GRAIN (Fe) 2 or 3 

MORE LAMS LAMS 

SLOPE OF 
psi psi 
2 3 

GRAIN 
1 COMB. NO. 

47 1,200 I,I50 

1.12 48 1,400 1,350 

49 1,300 1,450 

50 1,550 1,700 

47 1,150 I,I50 

1.10 48 1,350 1,350 

49 1,150 1,450 

50 1,350 1,700 

47 1,000 1,150 

1.8 48 1,150 1,350 

49 - -

50 - -
--- --

~ 

BENDING ABOUT THE 

COMP. PARALLEL 
X-X AXIS fbxx 

TO GRAIN (Fe) 4 OR 2 Lams to 4 or More 
MORE LAMS 15 in. Lams 

psi psi psi 
4 5 6 

x 0.00689 for N/mm2 

1,900 1,400 1,600 

2,200 1,600 1,900 

1,900 1,750 2,100 

2,200 2,100 2,400 

1,700 1,400 1,600 

2,000 1,600 1,900 

1,700 1,550 1,850 

2,000 1,800 2,100 

1,500 1,350 1,600 

1,750 1,600 1,850 

- - -

- - -

BENDING ABOUT THE Y-Y AXIS fi,yy 
4 or More 

2Lams 3Lams Lams 
psi psi psi 
7 8 9 

1,300 1,550 1,750 

1,500 1,800 2,000 

1,500 1,750 1,950 

1,750 2,100 2,300 

1,300 1,550 1,750 

1,500 1,800 2,000 

1,500 1,750 1,850 

1,750 2,100 2,100 

1,300 1,550 1,600 

1,500 1,800 1,850 

- - -
- - -
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SPECIES COMBI· 
NATION OUTER 

SY LAMINA· 
M- TIONS/ 

BOL CORE LAM· 
INATIDNS4 

1 2 

B·16FV1 CR/CR 

Wet-use factors2 

TABLE 23-1-C-2, PART A-ALLOWABLE UNIT STRESSES FOR STRUCTURAL GLUED-LAMINATED 
CALIFORNIA REDWOOD VISUALLY GRADED1,2,3 

Members stressed principally in axial tension or compression or in bending with load 
applied perpendicular to the wide faces of the laminations 

BENDING ABOUT X·X AXIS BENDING ABOUT Y·Y AXIS 

Loaded Parallel to Wide Faces of Laminations Loaded Perpendicular to Wide Faces of Laminations 

Extreme Fiber in Bending 
Compression 

Perpendicular to Grain 

Compres· 
Tension sion Zone Compression 

Zone Stressed Modulus Enreme Perpendicu· 
Stressed in in len· Tension Compres· of Fiber in far to Grain Horizontal Modulus of 
Tension5 sion' Face sion Face Horizontal Elasticity Bending5 Side Faces Shear Elasticity7 

I'm 1) .. fc.Lu Fe .Lu Shear F ... F. /), Fe.LyY F'TT 
x11psi psi psi psi psi psi x1Dfpsi PSI PSI pSI 

x 0.00689 for Nlmm2 

3 4 5 6 7 8 9 10 11 12 

1,600 BOO 315 315 125 1.1 1.400 270 110 1.5 

0.8 0.8 0.667 0.667 0.875 0.833 0.8 0.667 0.875 0.833 
-

Tension 
Parallel to 

Grain li 
psi 

13 

900 

0.8 
--

AXIALLY LOADED 

Compres· 
sion Par· Modulus 
alief to of 
Grain Eluticity7 

Fe E 
psi X 11J6 psi 

14 15 

1,400 1.1 

0~ L_o~ 

'The combinations in this table are intended primarily for members stressed in bending due to loads applied perpendicular to the wide faces of the laminations for members 
with four or more laminations. Stresses are tabulated, however, for loading both perpendicular and parallel to the wide faces of the laminations. For combinations and 
stresses applicable to members loaded primarily axially or parallel to the wide faces of the laminations, see Table 23-1-C-2, Part B. For members of two or three laminations, 
see Table 23-I-C-2, Part B. 

2The tabulated design values are for dry conditions of use. To obtain wet-use design values, multiply the tabulated values by the factors shown at the end of the table. 
3The tabulated design values are for normal duration of loading. For other durations of loading, see Section 2304.3.4. 
4cR = California redwood. 
5The tabulated design values in bending are applicable to members 12 inches (305 mm) or less in depth. For members greater than 12 inches (305 mrn) in depth, the 

requirements of Section 2312.4.5 apply. 
6Design values in this column are for extreme fiber stress in bending when the member is loaded such !hat the compression zone laminations are subjected to tensile stresses. 

The values in this column may be increased to 1,200 psi (8.27 Nfmm2) when end-joint spacing restrictions are applied to the compression zone when stressed in tension. 
7The duration of load modification factor given in Section 2304.3.4 shall not apply. 
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COMBINA· 
liON 

SY 
MBOL SPECIES& 

1 2 

8-1 CR 

8·2 CR 

8-3 CR 

B-4 CR 

8·5 CR 

Wet-use tac1ors2 

TABLE 23-1-C-2, PART 8-ALLOWABLE UNIT STRESSES FOR STRUCTURAL GLUED-LAMINATED 
CALIFORNIA REDWOOD VISUALLY GRADED1,2,3,4,s 

GRADE7 

3 

l5 

l4 

L3 

L2 

L1 

Members stressed principally in axial tension, axial compression or in bending with load 
applied parallel to the wide faces of the laminations 

BENDING ABOUT Y·Y AXIS LOADED PARALLEL TO WIDE FACES 
AXIALLY LOADED OF LAMINATIONS 

Tension 
Parallel to Compression 

Grain Parallel to Grain Extreme Fiber in Bending1 Horizontal Shear 

MODULUS OF COMPRES- 4or 4 or 4 or 
ELASTIC· SION PER· 2orMore More 2 or3 More More 

ITY PENDICULAR lams lams lams lams 3Lams 2lams Lams 3lams 2lams 
I TO GRAIN 

Ex106psi fc_!_ Fr Fe Fe litw lj, litw Frw Frw Frw 

x 0.00689 for N/mm2 

4 5 6 7 8 9 10 11 12 13 14 

1.0 315 875 1,350 1,350 1,450 1,300 1,100 110 105 95 

1.0 315 875 1,350 1,350 1,450 1,300 1,100 110 105 95 

1.2 315 1,000 1,550 1,550 1,450 1,300 1,100 110 105 95 

1.2 315 1,000 1,600 1,600 1,500 1,350 1,150 110 105 95 

1.2 315 1,000 1,600 1,600 1,600 1,500 1,250 110 105 95 

0.833 0.667 0.8 0.73 0.73 0.8 0.8 0.8 0.875 0.875 0.875 

BENDING ABOUT X-X AXIS LOADED 
PERPENDICULAR TO WIDE FACES 

OF LAMINATIONS 

Extreme 
Fiber in Horizontal 
Bending Shear 

2lams to 151n. 
deep 2 or More Lams 

lit.u Fr.u 

15 16 

1,200 125 

1,200 125 

1,350 125 

1,350 125 

1,350 125 

0.8 0.875 
- ----

1The tabulated combinations in this table are intended primarily for members loaded either axially or in bending with the loads acting parallel to the wide faces of the 
laminations. Design values for bending due to loading applied perpendicular to the wide faces of the laminations are also included; however, the combination in Table 
23-I-C-2, Part A, is usually better suited for this condition of loading for members with four or more laminations. 

2The tabulated design values are for dry conditions of use. To obtain wet-use design values, multiply the tabulated values by the factors shown at the end of the table. 
3The tabulated values are for normal duration of loading. For other durations of loading, see Section 2304.3.4. 
4The tabulated design values for bending are applicable to members 12 inches (305 mm) or less in depth. For members greater than 12 inches (305 mm) in depth the 

requirements of Section 2312.4.5 apply. 
5The combinations in this table are not intendt:_d_f?~ ~eep bendin~ members when loaded_perre_ndi~ular to the wide fa~es.oft?e lami~ations; Howeve,r, if~em~rs o~er IS 

mcnes (5~ 1 mm) m depth are necessary, All L 5UL·L4tenston tammauons are requueo ana me oestgner must spe~uy tnat u•e uieJuue• J> JUJ u>e 111 ucHulll!\ auvui ;,;.:; ;,;.;,; 
axis, in which case, the design value Fbxx is 1400 psi (9.65 N/mm2) for combinations B-1 and B-2 and 1600 psi ( 11.0 N/mm2) for B-3, B-4 and B-5. 

6CR = California redwood. 

(Continued) 
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t FOOTNOTES TO TABLE 23-1-C-2-(Continued) 

~ 7Grade designations are as follows: 
Visually Graded-California redwood 
Ll is Ll laminating grade (close grain). 
L2 is L2 laminating grade (close grain). 
L3 is L3 laminating grade (close grain). 
L4 is L4laminating grade (close grain). 
L5 is L5 laminating grade (close grain). 

8The duration of load modification factors given in Section 2304.3.4 shall not apply. 
9The values of Fbvy were calculated based on members 12 inches (305 mm) in depth (bending about Y-Y axis). When the depth is less than 12 inches (305 mm), the values 

of Fbyy can be increased by multiplying by the following factors: 

DEPTH, (Inches) MULTIPLYING FACTOR 
x 25.4for mm 

10.75 1.01 

8.75 1.04 

6.75 1.07 
5.125 1.10 

3.125 1.16 
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TABLE 23-1-D, PART A-ALLOWABLE UNIT STRESSES FOR HARDWOOD GLUED-LAMINATED TIMBER1 
FOR NORMAL LOADING DURATION-DRY CONDITIONS OF USE2 

ALLOWABLE UNIT STRESS 
MULTIPLY TllE APPROPRIATE STRESS MODULE IN PART B BY (pounds per square Inch) 
THE FACTORS BELOW TO DETERMINE ALLOWABLE STRESS x 0.00689 for Nlmrn2 

SPECIES 
FOR: 

Extreme Fiber in 
Compression Bending (F,) or Compression 

Tension Parallel to Parallel to Grain Modulus of Horizontal Shear Perpendicular to 
Grain (F,) (Fe) Elasticity (E) 3 (Fv) Grain (F0 .L) 

I. Hickory, true and pecan 3.85 3.05 1.80 260 730 

2. Beech, American 3.05 2.45 1.70 230 610 

3. Birch, sweet and yellow 3.05 2.45 1.90 230 610 

4. Elm, rock 3.05 2.45 1.40 230 610 

5. Maple, black and sugar (hard maple) 3.05 2.45 1.70 230 610 

6. Ash, commercial white 2.80 2.20 1.70 230 610 

7. Oak, commercial red and white 2.80 2.05 1.60 230 610 

8. Elm, American and slippery (white or soft elm) 2.20 1.60 1.40 190 310 

9. Sweet gum (red or sap gum) 2.20 1.60 1.40 190 370 

10. Tupelo, black (black gum) 2.20 1.60 1.20 190 370 

II. Tupelo, water 2.20 1.60 1.30 190 370 

12. Ash, black 2.00 1.30 1.30 170 370 

13. Poplar, yellow 2.00 1.45 1.50 150 270 

14. Cottonwood, eastern 1.55 1.20 1.20 110 180 
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TABLE 23-1-D, PART 8-VALUES FOR USE IN COMPUTING WORKING STRESSES WITH FACTORS OF 
PART A TOGETHER WITH LIMITATIONS REQUIRED TO PERMIT THE USE OF SUCH STRESSES4 

EXTREME FIBER IN BENDING TENSION PARALLEL TO GRAIN COMPRESSION PARALLEL TO 
GRAIN 

Slress Module Slress Module Stress Module 
RATIO OF SIZE OF (psi) Stee§est Grain (psi) Stee§est Grain 

(psi) 
MAXIMUM PERMITTED Stee§est Grain 

KNOT TO RNISHED WIDTH NUMBER OF x 0.00689 for lope x 0.00689 for lope x 0.00689 for lope 
OF LAMINATION5 LAMINATIONS& N/mm2 NJmm2 N/mm2 

0.1 
4to 14 800 1:16 500 1:16 970 1:15 

15 or more 800 1:16 500 1:16 970 1:15 

0.2 
4to 14 770 1:16 500 1:16 920 1:15 

15 or more 800 1:16 500 1:16 930 1:15 

0.3 
4to 14 600 1:12 450 1:15 860 1:14 

15 or more 660 1:12 450 1:16 870 1:14 

0.4 4to 14 450 1:8 350 1:10 780 1:12 
15 or more 520 1:8 350 1:12 810 1:12 

0.5 
4to 14 300 1:8 300 1:8 690 1:10 

15 or more 380 1:8 300 1:8 730 1:10 
~---

MODULUS OF 
ELASTICITY (E) 3 

Slress Module 
(psi) 

x 0.00689 for NJmm2 

1,000,000 

1,000,000 

900,000 

800,000 

800,000 

IThe allowable unit stresses in bending obtained from Table 23-1-D apply when the wide faces of the laminations are normal to the direction of the load. 
2 Allowable stresses for dry conditions of use shall be applicable when the moisture content in service is 16 percent or Jess as in most covered structures. For wet conditions 

of use the following maximum percentage of the dry-use stresses shall be permitted: 
Fb (bending) and F1 (tension) 80 percent Fv (horizontal shear 88 percent) 
Fe (compression parallel to grain) 70 percent Fe .i (compression perpendicular to grain) 67 percent 
E (modulus of elasticity) 83 percent 

3The duration of load modification factors given in Section 2304.3.4 shall not apply. 
4for modification of allowable unit stresses for structural glued-laminated lumber, see Section 2304. 
5factors for knot sizes of 0.1 and 0.2 are identical in case of extreme fiber in bending and in tension parallel to grain because slope of grain of I: 16 is a greater limitation 

than knot size. The smaller knot size may be specified for reasons other than strength. 
6When laminations of different thicknesses are used, divide the depth of the member by the thickest lamination used and then assume the quotient to be the number of 

laminations in the member for use in determining the allowable stress. 
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1994 UNIFORM BUILDING CODE 

TABLE 23-1-E-ALLOWABLE UNIT STRESSES FOR TREATI:D 
ROUND TIMBER POLES AND PILES1 

23-1-E 

(Values for normal load duration and wet conditions of use, pounds per square inch) 

COMPRESSION EXTREME COMPRESSION 
PARALLEL TO FIBER IN HORIZONTAL PERPENDICULAR TO MODULUS OF 

GRAIN2 BENDING2 SHEAR GRAll I ELASTICITY 
Fc lj, Fv Fe_!_ E 

SPECIES x 0.00689 for Nlmm2 

I. Pacific Coast Douglas fir3.4 1,250 2,450 115 230 1,500,000 

2. Southern pine3.S 1,200 2,400 110 250 1,500,000 

3. Red oak6 1,100 2,450 135 350 1,250,000 

4. Red pine7 900 1,900 85 155 1,280,000 

1The fonn factor of Section 2304.3.7 for bending members of circular cross section is incmporated in the allowable 
unit stresses for extreme fiber in bending as listed within the table. 

2The allowable values listed in Table 23-1-E for compression parallel to grain ad extreme fiber in bending are based 
on load-sharing principles such as occur in a pile cluster. For piles which support their OY'n specific load, an addi­
tional safety factor of 1.25 shall be used with compression parallel to grain values and au additional safety factor 
of 1.30 shall be used with extreme fiber in bending values. 

3Design values in compression parallel to the grain for Pacific Coast Douglas fir and southe ·n pine may be increased 
0.20 percent for each foot (305 mm) of length from the tip of the pile to the critical sectic n. The increase shall not 
exceed I 0 percent for any single pile; however, the increase is cumulative with the increase in section properties 
due to taper from the pile tip to the critical section. 

4Pacific Coast Douglas fir includes Douglas fir from west of the crest of the Cascade Mount<ins in Oregon, Washing­
ton and northern California and west of the crest of the Sierra Nevada Mountains in the rest of California. For fasten­
er design, use Douglas fir-larch design values. 

5Southern pine values apply to longleaf, slash, loblolly and shortleaf pines. 
6Red oak values apply to northern and southern red oak. 
7Red pine values apply to red pine grown in the United States. For fastener design, use no11 hem pine design values. 
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23-1-F 1994 UNIFORM BUILDING CODE 

TABLE 23-1-F-HOLDING POWER OF BOLTS1,2,3 FOR DOUGLAS FIR-LARCH 
(See Division Ill where members are not of 
equal size and for values in other species.) 

p = safe loads parallel to grain, in pounds. 
q = safe loads perpendicular to grain, in pounds. 

x 4.45 for N 

LENGTH OF BOLT IN MAIN DIAMETER OF BOLT (Inches) 
WOOD MEMBER4 

3Ja 1J2 5Ja 3J4 1Ja (Inches) 

x 25.4formm 

Singlep 5 480 600 720 850 
Shear q 300 360 420 470 

11/2 
Doublep 1,050 1,310 1,580 1,840 5 
Shear q 730 1,040 1,170 1,260 

Singlep 720 1,010 1,210 1,410 
Shear q 460 590 690 780 

21J2 
Doublep 5 1,430 2,190 2,630 3,060 
Shear q 710 1,180 1,540 1,960 

Singlep 1,120 1,610 1,970 
Shear q 700 870 1,060 

31/2 
Doublep 1,430 2,240 3,220 4,290 5 
Shear q 970 1,410 1,750 2,130 

Singlep 2,190 

51/z 
Shear q 1,330 

Doublep 5 2,240 3,220 4,390 
Shear q 1,460 2,050 2,660 

Singlep 

71/2 
Shear q 

Doublep 2,240 3,220 4,390 
Shear q 1,460 2,050 2,720 

Singlep 

91/z 
Shear q 

Doublep 5 5 
Shear q 

Singlep 

11 1/2 
Shear q 

Doublep 5 
Shear q 

Singlep 

13 1/2 
Shear q 

Doublep 
Shear q 

1 

970 
530 

2,100 
1,350 

1,610 
880 

3,500 
2,250 

2,260 
1,230 

4,900 
2,580 

2,860 
1,540 

5,730 
3,080 

5,730 
3,470 

5 

5 

5 

1Tabulated values are on a normal load-duration basis and apply to joints made of seasoned lumbt:r used in dry loca-
tions. See Division Ill for other service conditions. 

I 2Double shear values are for joints consisting of three wood members in which the side members are at least one half 
the thickness of the main member. Single shear values are for joints consisting of two wood members having a mini­
mum thickness not less than that specified. 

3See Division III for wood-to-metal bolted joints. 
4The length specified is the length of the bolt in the main member of double shear joints or the length of the bolt in 

the thinner member of single shear joints. 
I 5See Division III for the determination of the shear values. 
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1994 UNIFORM BUILDING CODE 23-1-G-23-1-1 

TABLE 23-I-G-5AFE LATERAL STRENGTH AND REQUIRED PENETRATION OF BOX AND 
COMMON WIRE NAILS DRIVEN PERPENDICULAR TO GRAIN OF WOOD 

LOACS (pounds)1, 2, 3 

" 4.45for N 

STANDARD PENETRATION 
LENGTH REQUIRED (Inches) 
(Inches) 

SIZE OF NAIL x 25.4formm WIRE GAGE x 25.4for mm 
Douglas Fir Larch or 

Southern Pine Other Species 

Box Nails 

6d 2 121/2 1.19 48 

8d 2112 11 1/2 1.36 59-

IOd 3 101/2 1.54 7:3-

12d 31/4 101/2 1.54 73- See 
16d 31/2 10 1.62 79 Division III 

20d 4 9 1.78 9C 

30d 41/2 9 1.78 9C 

40d 5 8 1.94 lOS 
Common Nails 

6d 2 11 1/2 1.36 5g 

8d 2112 101/4 1.57 7~ 

!Od 3 9 1.78 9( 

12d 31/4 9 1.78 9( 

16d 31/z 8 1.94 105 See 
20d 4 6 2.30 12~ Division III 

30d 41/2 5 2.48 13~ 

40d 5 4 2.70 14i 

50d 51/2 3 2.93 151 

60d 6 2 3.16 171 

I See DIVISIOn III for lateral strength values where metal s1de plates are used. 
2See Division III for lateral strength values when considering wood diaphragm calculations. 
3Tabulated values are on a normal load-duration basis and apply to joints made of seasoned lumber used in dry loca­

tions. See Division III for other service conditions. 

TABLE 23-1-H-SAFE RESISTANCE TO WITHDRAWAL OF COMMON WIRE NAILS 
Inserted Perpendicular to Grain of the Wood, in Pounds per Lintlar Inch 

of Penetration into the Main Member 

SIZE OF NAIL 

6d I Bd I 10d I 12d 1 t&d 1 2od 1 30d I 40d I SOd 

KINO OF WOOD x 0.175 for N/mm 

I. Douglas fir, larch 28 I 32 I 36 I 36 1 4o 1 47 1 50 I 55 I 60 

2. Southern pine 35 I 41 I 46 I 46 1 5o 1 59 I 64 I 70 I 76 

3. Other species See Division III 

TABLE 23-1-1-MAXIMUM DIAPHRAGM DIMENSION RATIOS 

I 

I 
I 

HORIZONTAL VERTICAL 

60d 

64 

81 

DIAPHRAGMS DIAPHRAGMS 

MATERIAL Maximum Span-Width 
Ratios 

Maximum Height-Width 
Ratios 

I. Diagonal sheathing, conventional 3:1 2:1 
2. Diagonal sheathing, special 4:1 31/z: I 
3. Wood structural panels and particleboard, nailed all edges 4:1 31/z: I 
4. Wood structural panels and particleboard, blocking 

omitted at intermediate joints 4:1 2:1 
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2framing at adjoining panel edges shall be 3-inch (76 mm) nominal or wider and nails shall be staggered where nails are spaced 2 inches (51 mm) or 21h inches (64 mm) 
on center. 

3framing at adjoining panel edges shall be 3-inch (76 mm) nominal or wider and nails shall be staggered where lOd nails having penetration into framing of more than ! 5/s 
inches (41 mm) are spaced 3 inches (76 mm) or less on center. 

Load 

DIAPHRAGM BDUNDAIIY 

Load CASE 5 Framing Load CASES Fram.ng 

iH 
.. 

. . 
.. 

\ 
v ~ 

Continuous panel JOints ...L: Blocking : ---L.J Continuous panel JOints Blocking 

NOTE: Framing may be oriented in either direction for diaphragms, provided sheathing is properly designed for vertical loading. 
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TABLE 23-1-J-1-ALLOWABLE SHEAR IN POUNDS PER FOOT FOR HORIZONTAL WOOD STRUCTURAL PANEL 
DIAPHRAGMS WITH FRAMING OF DOUGLAS FIR-LARCH OR SOUTHERN PINE1 

BLOCKED DIAPHRAGMS UNBLOCKED DIAPHRAGMS 

Nail spacing (in.) at diaphragm boundaries (all 
cases), at continuous panel edges parallel to load 

Nails spaced 6" (152 mm) max. (Cases 3 and 4) and at all panel edges 
(Cases 5 and 6) at supported edges 

x 25.4for mm 

MINIMUM 6 4 21f22 22 
MINIMUM NOMINAL Nail spacing (in.) at other panel edges 

MINIMUM NAIL NOMINAL WIDTH OF Case 1 (No All other 
PENETRATION PANEL FRAMING x 25.4for mm unblocked edges or configurations 

IN::.~!~G THICKNESS MEMBER continuous joiT,s (C-:.~~· li 4, 5 COMMON (inches) (inches) 6 6 4 3 parallel to load 
NAIL 

x 25.4for mm x 0.0146 for N/mm PANEL GRADE SIZE 

6d Jl/4 5116 
2 185 250 375 420 165 125 
3 210 280 420 475 185 140 

Structural I 
8d Jl/2 

3/g 
2 270 360 530 600 240 180 
3 300 400 600 675 265 200 

JOd3 )5/g 
15/32 

2 320 425 640 730 285 215 
3 360 480 720 820 320 240 

5/16 
2 170 225 335 380 150 110 

6d Jl/4 3 190 250 380 430 170 125 

3fg 
2 185 250 375 420 165 125 
3 210 280 420 475 185 140 

3fg 
2 240 320 480 545 215 160 

C-D, C-C, 3 270 360 540 610 240 180 
Sheathing, 

7/16 
2 255 340 505 575 230 170 and other grades 8d I i/2 3 285 380 570 645 255 190 

covered in U.B.C. 
Standard 23-2 or 23-3 

15f32 
2 270 360 530 600 240 180 
3 300 400 600 675 265 200 

15f32 
2 290 385 575 655 255 190 

JOd3 )5/g 3 325 430 650 735 290 215 

IQ, 2 320 425 640 730 285 215 
I I I I "''32 i j i J()U i 4~0 i 71.0 i 820 i 320 i 2.40 i I 
1These values are for short-time loads due to wind or earthquake and must be reduced 25 percent for normal loading. Space nails 12 inches (305 mm) on center along 

intermediate framing members. 

Allowable shear values for nails in framing members of other species set forth in Table 23-111-FF of Division lii shall be calculated for all other grades by multiplying the 
shear capacities for nails in Structural I by the following factors: 0.82 for species with specific gravity greater than or equal to 0.42 but less than 0.49, and 0.65 for species 
with a specific gravity less than 0.42. 
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Load 

Load CASE 5 Framing Load CASES Framing 

tH --
- -

--

0 nl Continu us pa e JOints ~ Blocking Continuous panel jOints --LJ Blocking 

NOTE: Framing may be oriented in either direction for diaphragms, provided sheathing is properly designed for vertical loading. 
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PANEL GRADE 

2-M-W 

2-M-3 

TABLE 23-1-J-2-ALLOWABLE SHEAR IN POUNDS PER FOOT FOR HORIZONTAL PARTICLEBOARD DIAPHRAGMS 
WITH FRAMING OF DOUGLAS FIR-LARCH OR SOUTHERN PINE1 

BLOCKED DIAPHRAGMS UNBLOCKED DIAPHRAGMS 

Nail spacing (in.) at diaphragm boundaries (all cases), at 
continuous panel edges parallel to load (Cases 3 and 4) and 

Nails spaced 6" (152 mm) max. at all panel edges 
(Cases 5 and 6) at supported edges 

x 25.4formm 

MINIMUM 6 4 21f22 22 
MINIMUM MINIMUM NOMINAL Nail spacing (in.) at other plywood panel edges 

NAIL NOMINAL WIDTH OF Case 1 (No All other 
PENETRATION PANEL FRAMING x 25.4formm unblocked edges or configurations 

IN FRAMING THICKNESS MEMBER continuous lol~r (C~~·:j4, 5 (inches) (inches) (Inches) 6 I 6 I 4 3 parallel to load 
COMMON 

x 25.4formm x 0.0146 for N/mm NAIL SIZE 

5116 
2 170 225 335 380 150 110 

6d ,.,4 3 190 250 380 430 170 125 

3/g 2 185 250 375 420 165 125 
3 210 280 420 475 185 140 

3/g 2 240 320 480 545 215 160 
3 270 360 540 610 240 180 

8d ,.,2 7116 
2 255 340 505 575 230 170 
3 285 380 570 645 255 190 

.,2 2 270 360 530 600 240 180 
3 300 400 600 675 265 200 

.,2 2 290 385 575 655 255 190 
JOd3 J5/g 3 325 430 650 735 290 215 

5fg 2 320 425 640 730 285 215 
3 360 480 720 820 320 240 

10d3 J5/g 314 
2 320 425 640 730 285 215 
3 360 480 720 820 320 240 

-- L__ --

1Thc:;c ·y·~!;;.c:; GrC fer :;hcrt tirr!e !c:!d::; d!.!e tc '.~.'ir!d !)!' e:!..rthq~~ke :!..~d !TIU~t be reduced 25 perce!'!! f0r !10nn~l lnruiln~ .'\pnr.P. n:~il" 12 inches (305 mm) on center along 
intermediate framing members. 
Allowable shear values for nails in framing members of other species set forth in Table 23-lli-J of Division Ill shall be calculated for all grades by multiplying the values 
for nails by the following factors: Group Ill, 0.82 and Group IV, 0.65. 

2Framing at adjoining panel edges shall be 3-inch (76 mm) nominal or wider and nails shall be staggered where nails are spaced 2 inches (51 mm) or 2 1/2 inches (64 mm) 
on center. 

3Framing at adjoining panel edges shall be 3-inch (76 mm) nominal or wider and nails shall be staggered where IOd nails having penetration into framing of more than !5/s 
inches (41 mm) are spaced 3 inches (76 mm) or less on center. 
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TABLE 23-1-K-1-ALLOWABLE SHEAR FOR WIND OR SEISMIC FORCES IN POUNDS PER FOOT FOR WOOD STRUCTURAL PANEL SHEAR 
WALLS WITH FRAMING OF DOUGLAS FIR-LARCH OR SOUTHERN PINE1•2 

PANELS APPLIED DIRECTLY TO FRAMING 
PANELS APPLIED OVER 1J&-INCH (13 mm~ 

OR 5J8·1NCH (16 mm) GYPS M SHEATHIN 

MINIMUM NAIL 
Nail Spacing at Panel Edges (in.) Nail Spacing at Panel Edges (ln.) 

MINIMUM 
NOMINAL PANEL PENETRATION x 25.4formm Nail Size x 25.4formm 

T~:;~h~~rs IN(rn~:!~G Nail Size 
23 

(Common 
6 4 23 (Common or 6 4 3 or 3 

Galvanized Galvanized 
PANEL GRADE x 25.4formm Box) x 0.0146 for Nlmm Box) x 0.0146 for Nlmm 

51t6 Jl/4 6d 200 300 390 510 8d 200 300 390 510 

Structural l 3ts 23o4 36o4 46o4 6lo4 

71t6 Jliz 8d 2554 3954 5054 67o4 10d5 280 430 550 730 

tshz 280 430 550 730 

15/32 15/s 10d5 340 510 665 870 - - - - -

5ft6 11/4 6d 180 270 350 450 8d 180 270 350 450 

C-D, C-C 
3fs 200 300 390 510 200 300 390 510 

Sheathing, plywood 3/g 2204 32o4 4lo4 53o4 
panel siding and other 7116 li/2 8d 2404 35o4 4504 5854 10d5 260 380 490 640 
grades covered in 
U.B.C. Standard 23-2 15/32 260 380 490 640 
or 23-3 15/32 1 5/s 10d5 310 460 600 770 - - - - -

19/32 340 510 665 870 

Nail Size Nail Size 
(Galvanized (Galvanized 

Casing) Casing) 

Plywood panel siding 5/16 11/4 6d 140 210 275 360 8d 140 210 275 360 
in grades 
covered in U.B.C. 

3/s 11/z 8d 160 240 310 410 10d5 160 240 310 410 Standard 23-2 
- - - - - - ---- L___ L____ 

'All panel edges backed with 2-inch (51 mm) nominal or wider framing. Panels installed either horizontally or vertically. Space nails at 6 inches (152 mm) on center along 
intermediate framing members for 3fs-inch (9.5 mm) and 7fwinch (11 mm) panels installed on studs spaced 24 inches (610 mm) on center and 12 inches (305 mm) on 
center for other conditions and panel thicknesses. These values are for short-time loads due to wind or earthquake and must be reduced 25 percent for normal loading. 

Allowable shear values for nails in framing members of other species set forth in Table 23-Jli-FF of Division III shall be calculated for all other grades by multiplying 
the shear capacities for nails in Structural I by the following factors: 0.82 for species with specific gravity greater than or equal to 0.42 but less than 0.49, and 0.65 for 
species with a specific gravity less than 0.42. 

2Where panels are applied on both faces of a wall and nail spacing is less than 6 inches (!52 mm) on center on either side, panel joints shall be offset to fall on different framing 
members or framing shall be 3-inch (76 mm) nominal or thicker and nails on each side shall be staggered. 

3Framing at adjoining panel edges shall be 3-inch (76 mm) nominal or wider and nails shall be staggered where nails are spaced 2 inches (51 mm) on center. 
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4The values for 3fg-inch (9.5 mm) and 7t16-inch (II mm) panels applied direct to framing may be increased to values shown for I5f3z-inch (12 mm) panels, provided studs I 
are spaced a maximum of 16 inches (406 mm) on center or panels are applied with long dimension across studs. 

5Framing at adjoining panel edges shall be 3-inch (76 mm) nominal or wider and nails shall be staggered where I Od nails having penetration into framing of more than !5/g 
inches (41 mm) are spaced 3 inches (76 mm) or less on center. 

TABLE 23-1-K-2-ALLOWABLE SHEAR FOR WIND OR SEISMIC FORCES IN POUNDS PER FOOT FOR 
PARTICLEBOARD SHEAR WALLS WITH FRAMING OF DOUGLAS FIR-LARCH OR SOUTHERN PINE1• 2 

PANELS APPUED DIRECTLY TO FRAMING PANEL APPLIED OVER 1f2-INCH (13 mm) GYPSUM SHEATHING 

MINIMUM Nail Spacing at Panel Edges (inches) Nail Spacing at Plywood Panel Edges (Inches) 
NOMINAL MINIMUM NAIL Nail Size Nail Size PANEL PENETRATION x 25.4formm x 25.4for mm 

THICKNESS IN FRAMING (Common or (Common or 
(Inches) (inches) Galvanized 6 4 3 23 Galvanized 6 4 3 23 

Box) Box) 
PANEL GRADE x 25.4formm x 0.0146 for Nlmm x 0.0146 for Nlmm 

s,,6 11/4 6d 180 270 350 450 8d 180 270 350 450 

3/g 200 300 390 510 200 300 390 510 

3/g 22o4 32o4 4104 53o4 

2-M-W 7/16 11/z 8d 24o4 35o4 45o4 5854 !Od5 260 380 490 640 

,,2 260 380 490 640 

lf2 15/g 10d5 310 460 600 770 - - - - -

5fg 340 510 665 870 - - - - -
- - ··-
'All panel edges backed with 2-inch (51 mm) nominal or wider framing. Plywood installed either horizontally or vertically. Space nails at 6 inches (152 mm) on center along 

intermediate framing members for 3fg-inch (9.5 mm) panel installed with the long dimension parallel to studs spaced 24 inches (610 mm) on center and 12 inches (305 
mm) on center for other conditions and panel thicknesses. These values are for short-time loads due to wind or earthquake and must be reduced 25 percent for normal 
loading. 

Allowable shear values for nails in framing members of other species set forth in Table 23-lll-J of Division lli shall be calculated for all grades by multiplying the values 
for common and galvanized box nails by the following factors: Group Ill, 0.82 and Group IV, 0.65. 

2Where particleboard is applied on both faces of a wall and nail spacing is less than 6 inches (!52 mm) on center on either side, panel joints shall be offset to fall on different 
framing members, or framing shall be 3-inch (76 mm) nominal or thicker and nails on each side shall be staggered. 

3Framing at adjoining panel edges shall be 3-inch (76 mm) nominal or wider and nails shall be staggered where nails are spaced 2 inches (51 mm) on center. 
4The allowable shear values may be increased to the values shown for 1/2-inch-thick (13 mm) sheathing with the same nailing, provided: 

4.1 The studs are spaced a maximum of 16 inches (406 mm) on center, or 
N 4.2 The panels are applied with the long dimension perpendicular to studs. 

J, 5Framing at adjoining panel edges shall be 3-inch (76 mm) nominal or wider and nails shall be staggered where I Od nails having penetration into framing of more than !5/s 
~ inches (41 mm) are spaced 3 inches (76 mm) or less on center. 
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23-1-L-23-1-N-1 1994 UNIFORM BUILDING CODE 

TABLE 23-1-L-WOOD SHINGLE AND SHAKE SIDE WALL EXPOSURES 
MAXIMUM WEATHER EXPOSURES (Inches) 

SHINGLE OR SHAKE x 25.4formm 
Single-Coursing Double-Coursing 

Length and Type No.1 No.2 No.1 No.2 

I. 16-inch (405 mm) shingles 71/z 71/z 12 10 

2. 18-inch (455 mm) shingles 81/2 81/2 14 II 

3. 24-inch (610 mm) shingles 11 1/2 11 1/z 16 14 

4. 18-inch (455 mm) resawn shakes 81/z - 14 -

5. 18-inch ( 455 mm) straight-split shakes 81/z - 16 -

6. 24-inch (610 mm) resawn shakes 11 1/z - 20 -

TABLE 23-1-M-1-EXPOSED PLYWOOD PANEL SIDING 

MINIMUM THICKNESS1 
STUD SPACING (Inches) 

PLYWOOD SIDING APPLIED DIRECTLY 
(Inch) TO STUDS OR OVER SHEATHING 

x 25.4for mm MINIMUM NUMBER x 25.4for mm OF PLIES 
3/s 3 (62 

lfz 4 24 
1 Thickness of grooved panels IS measured at bottom of grooves. 
2May be 24 inches (610 mm) if plywood siding applied with face grain perpendicular to studs or over one of the follow-

1 ing: (I) l-inch (25 mm) board sheathing, (2) Tf16-inch (II mm) wood structural panel sheathing or (3) 3fs-inch (9.5 
mm) wood structural panel sheathing with strength axis (which is the long direction of the panel unless otherwise 
marked) of sheathing perpendicular to studs. 

TABLE 23-I-M-2-ALLOWABLE SPANS FOR EXPOSED PARTICLEBOARD PANEL SIDING 
MINIMUM THICKNESS (Inches) 

STUD x 25.4formm 
SPACING Siding Exterior Ceilings and Soffits (Inches) 

GRADE x 25.4formm Direct to Studs Continuous Support Direct to Supports 
2-M-W 16 3/s 5fl6 5fl6 

24 1/z 5fl6 3/s 

2-M-1 16 5/s 3/s -
2-M-2 
2-M-3 24 3/4 3/s -

TABLE 23-1-N-1-WOOD STRUCTURAL PANEL WALL SHEATHING1 
(Not exposed to the weather, strength axis parallel or perpendicular to studs) 

STUD SPACING (Inches) 
x 25.4formm 

MINIMUM THICKNESS 
Sheathing under Coverlnf.s Specified In 

Section 2326. 1.3 
(Inch) Sheathing Sheathing 

x 25.4formm Sl~~~t~~~ed Parallel to Perpendicular to 
PANEL SPAN RATING Studs Studs 

I. 5fl6 12/0, 16/0, 20/0 16 - 16 
Wall-16o.c. 

2. 3fs, 15/32· lt2 16/0, 20/0, 24 16 24 
24/0, 32116 

Wall-24o.c. 

3. 7/16· 15/Jz, 1/2 24/0, 24/16, 32116 24 242 24 
Wall-24o.c. 

. . 1 In reference to SectiOn 2326.11.3, blockmg of honzontal JOints ts not reqmred . 
I 2Piywood shall consist of four or more plies. 
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1994 UNIFORM BUILDING CODE 23·1-N-2-23·1·0 

TABLE 23-I·N-2-ALLOWABLE SPANS FOR PARTICLEBOARD WALL SHEATHING1 
(Not exposed to the weather, long dimension of the 

panel parallel or perpendicular to studs) 

STUD SPACING (Inches) 

x 25.4formm 

THICKNESS Sldln~ Nailed to Sheathing under Coverings Specified In Section 2326. t 1.3 Parallel 
(Inch) tuds or Perpendicular to Studs 

GRADE x 25.4formm 

5/16 16 -
2-M-W 3;8 24 16 

7116 24 14 

2-M-1 3;8 16 -

2-M-2 
2-M-3 1;2 16 16 

11n reference to Section 2326.11.3, blocking of horizontal joints is not required. 

TABLE 23·1·0-HARDBOARD SIDING 

MINIMAL FRAMING NAIL SPACING 

SIDING 
NOMINAL (2" X 4") 

THICKNESS MAXIMUM 
(Inch) SPACING 

1. LAP SIDING 

Direct to studs 3;8 16" o.c. 

Over sheathing 3;8 16" o.c. 

2- SQUARE EDGE 
PANEL SIDING 

Direct to studs 3;8 24" o.c. 

Over sheathing 3;8 24" o.c. 

3. SHIPLAP EDGE 
PANEL SIDING 

Direct to studs 3;8 16" o.c. 

Over sheathing 3fg 16" o.c. 

1 Nails shall be corrosion resistant in accordance with Division III. 
2Minimum acceptable nail dimensions (inches). 

NAIL 
SIZE1,2 General 

x 25.4formm 

8d 16" o.c. 

IOd 16" o.c. 

6d 6" o.c. edges; 
12" o.c. at 
intermed. 
supports 

8d 6" o.c. edges; 
12" o.c. at 
intermed. 
supports 

6d 6" o.c. edges; 
12" o.c. at 
in termed. 
supports 

8d 6" o.c. edges; 
12" o.c. at 
intermed. 
supports 

Panel Siding (inch) Lap Siding (inch) 

Shank diameter 
Head diameter 

.092 

.225 

3When used to comply with Section 2326.11.3. 

X 25.4formm 

.099 

.240 

Bracing Panels3 

Not applicable 

Not applicable 

4" o.c. edges; 
8" o.c. 

intermed. 
supports 

4" o.c. edges; 
8" o.c. 

intermed. 
supports 

4" o.c. edges; 
8" o.c. 

in termed. 
supports 

4" o.c. edges; 
8" o.c. 

intermed. 
supports 
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23-1-P-23-1-Q 1994 UNIFORM BUILDING CODE 

TABLE 23-1-P-ALLOWABLE SHEARS FOR WIND OR SEISMIC LOADING ON 
VERTICAL DIAPHRAGMS OF FIBERBOARD SHEATHING BOARD CONSTRUCTION 

FOR TYPE V CONSTRUCTION ONLY1 

SHEAR VALUE IN POUNDS PER FOOT 

SIZE AND APPUCATION NAIL SIZE 

(Nimm) 3·1NC~6 mm) NAIL SPACING 
AROUND PERIM ER AND &-INCH (152 mm) 

AT INTERMEDIATE POINTS 

x 1.46 for Nlmm 

I. 1/2" X 4' X 8' No. II gage galvanized roofing nail 1252 (13 x 1219 x 2438 mm) 11/z" (38 mm) long, 7/16" (II mm) head 

2. 25132" X 4' X 8' No. II gage galvanized roofing nail 175 (20 x 1219 x 2438 mm) ! 3/4" (44 mm) long, 7/16" (II mm) head 

1Ftberboard sheathmg d1aphragms shall not be used to brace concrete or masonry walls. 
2The shear value may be 175 (778 N) for •tz-inch X 4-foot X 8-foot ( 13 X 1219 X 2438 mm) fiberboard nail-base sheath­

ing. 

TABLE 23-1-Q-NAILING SCHEDULE 

CONNECTION NAILING1 

I. Joist to sill or girder, toenail 3-8d 

2. Bridging to joist, toenail each end 2-8d 

3. I" x 6" (25 mm x 152 mm) sub floor or less to each joist, face nail 2-8d 

4. Wider than I" X 6" (25 mm X 152 mm) subfloor to each joist, face nail 3-8d 

5. 2" (51 mm) subfloor to joist or girder, blind and face nail 2-16d 

6. Sole plate to joist or blocking, typical face nail 16d at 16" (406 mm) o.c. 
Sole plate to joist or blocking, at braced wall panels 3-16d per 16" (406 mm) 

7. Top plate to stud, end nail 2-16d 

8. Stud to sole plate 4-8d, toenail or 2-16d, end nail 

9. Double studs, face nail 16d at 24" (610 mm) o.c. 

10. Doubled top plates, typical face nail 16d at 16" (406 mm) o.c. 
Double top plates, lap splice 8-16d 

II. Blocking between joists or rafters to top plate, toenail 3-8d 

12. Rim joist to top plate, toenail 8d at 6" (152 mm) o.c. 

13. Top plates, laps and intersections, face nail 2-16d 

14. Continuous header, two pieces 16d at 16" (406 mm) o.c. along each edge 

15. Ceiling joists to plate, toenail 3-8d 

16. Continuous header to stud, toenail 4-8d 

17. Ceiling joists, laps over partitions, face nail 3-16d 

18. Ceiling joists to parallel rafters, face nail 3-16d 

19. Rafter to plate, toenail 3-8d 

20. I" (25 mm) brace to each stud and plate, face nail 2-8d 

21. I" x 8" (25 mm X 203 mm) sheathing or less to each bearing, face nail 2-8d 

22. Wider than I" x 8" (25 mm x 203 mm) sheathing to each bearing, face nail 3-8d 

23. Built-up comer studs 16d at 24" (610 mm) o.c. 

24. Built-up girder and beams 20d at 32" (813 mm) o.c. at top and 
bottom and staggered 2-20d 

at ends and at each splice 

25. 2" (51 mm) planks 2-16d at each bearing 

(Continued) 
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1994 UNIFORM BUILDING CODE 23-1-Q-23-1-R-1 

TABLE 23-1-Q-NAILING SCHEDULE-{Continued) 
CONNECTION NAILING1 

26. Wood structural panels and particleboard:2 
Subfloor, roof and wall sheathing (to framing): (I inch= 25.4 mm) 

1/z" and less 6d3 
19fn" _314" 8d4 or 6d5 

I 

7/s" -I" 8d3 
11/ 8" -1 1/4'' IOd4 or 8d5 

Combination subfloor-underlayment (to framing): (I inch = 25.4 mm) 
3/ 4" and less 6d5 
7Jg" -l" 8d5 

11/8" -1 114'' IOd4 or 8d5 

27. Panel siding (to framing): 
1/z" ( 13 mm) or less 6d6 
5/s" (16 mm) 8d6 

28. Fiberboard sheathing: 7 
1/z" (13 mm) No. II ga8 

6d4 

25t32" (20 mm) 
No. 16 ga9 

No. II ga8 

8d4 
No. 16 ga9 

29. Interior paneling 
1/4" (6.4 mm) 4dl0 
3/s" (9.5 mm) 6d 11 

1Common or box nmls may be used except where otherwtse stated. 
2Nails spaced at 6 inches (152 mm) on center at edges, 12 inches (305 mm) at intermediate supports except 6 inches 

( 152 mm) at all supports where spans are 48 inches ( 1219 mm) or more. For nailing of wood structural panel and I 
particleboard diaphragms and shear walls, refer to Section 2314.3. Nails for wall sheathing may be common, box 
or casing. 

3Common or deformed shank. 
4Common. 
soeformed shank. 
6Corrosion-resistant siding or casing nails conforming to the requirements of Section 2325 .I. 
7Fasteners spaced 3 inches (76 mm) on center at exterior edges and 6 inches (152 mm) on center at intermediate sup­

ports. 
8Corrosion-resistant roofing nails with 7/16-inch-diameter (II mm) head and I'lz-inch (38 mm) length for 1/z-inch 

(13 mm) sheathing and IJ/4-inch (44 mm) length for 25/32-inch (20 mm) sheathing conforming to the requirements 
of Section 2325.1. 

9Corrosion-resistant staples with nominat7ft6_-inch (II mm) crown and I lfs-inch (29 mm) length for lfz-inch ( 13 mm) 
sheathing and l lfz-inch (38 mm) length for2S/3z-inch (20 mm) sheathing conforming to the requirements of Section 
2325.1. 

IDPanel supports at 16 inches (406 mm) [20 inches (508 mm) if strength axis in the long direction of the panel, unless 
otherwise marked]. Casing or finish nails spaced 6 inches (152 mm) on panel edges, 12 inches (305 mm) at inter­
mediate supports. 

1 1 Panel supports at 24 inches (61 0 mm). Casing or finish nails spaced 6 inches (152 mm) on panel edges, 12 inches 
(305 mm) at intermediate supports. 

TABLE 23-1-R-1-ALLOWABLE SPANS FOR LUMBER FLOOR AND ROOF SHEATHING1, 2 
MINIMUM NET THICKNESS (Inches) OF LUMBER PLACED 

SPAN 
Perpendicular to Supports I Diagonally to Supports 

(Inches) x 25.4formm 

x 25.4formm Surfaced Dry3 1 Surfaced Unseasoned 1 Surfaced Dry3 I Surfaced Unseasoned 

Aoors 

l. 24 3/4 

I 
25/32 

I 
3/4 

I 
25hz 

2. 16 5/s llfl6 5/s 111i6 
Roofs 

3. 24 s/s I llfl6 I 3/4 I 25/32 
1 Installation detmls shall conform to SectiOns 2326.9.1 and 2326.12.8 for floor and roof sheathmg, respectively. 
2Fioor or roof sheathing conforming with this table shall be deemed to meet the design criteria of Section 2322. 
3Maximum 19 percent moisture content. 
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23-1-R-2-23-1-R-3 1994 UNIFORM BUILDING CODE 

TABLE 23-1-R-2-SHEATHING LUMBER SHALL MEET THE FOLLOWING 
MINIMUM GRADE REQUIREMENTS: BOARD GRADE 

SOLID FLOOR OR ROOF SHEATHING SPACED ROOF SHEATHING GRADING RULES 

I. Utility Standard NLGA, WCLIB, WWPA 

2. 4 common or utility 3 common or standard NLGA, WCLIB, WWPA, NHPMA 
orNELMA 

3. No.3 No.2 SPIB 

4. Merchantable Construction common RlS 

TABLE 23-1-R-3-SIZE, HEIGHT AND SPACING OF WOOD STUDS 

BEARING WALLS NONBEARING WALLS 

Supporting Supporting 
Supporting One Floor, Two Floors, 

Laterally Roof and Roof and Roof and Laterally 
STUD Unsupported Ceiling Only Ceiling Ceiling Unsupported 
SIZE Stud Helght1 Stud Helght1 Spacln~ 

(Inches) (feet) Spacing (Inches) (feet) (Inches 

x 25.4formm x 304.8 for mm x 25.4formm x 304.8 for mm x 25.4formm 

I. 2 X 32 - - - - 10 16 

2. 2 X 4 10 24 16 - 14 24 

3. 3 x4 10 24 24 16 14 24 

4. 2 X 5 10 24 24 - 16 24 

5. 2 X 6 10 24 24 16 20 24 

• 1 Listed heights are distances between points of lateral support placed perpendicular to the plane of the wall. Increases 
in unsupported height are permitted where justified by an analysis. 

2Shall not be used in exterior walls. 

2-910 



TABLE 23-1-S-1-ALLOWABLE SPANS AND LOADS FOR WOOD STRUCTURAL PANEL SHEATHING AND SINGLE-FLOOR GRADES 
CONTINUOUS OVER TWO OR MORE SPANS WITH STRENGTH AXIS PERPENDICULAR TO SUPPORTS1·2 

SHEATHING GRADES ROOf3 FLOOR" 

Maximum Span (inches) Loads (pounds per square foot) 

Panel Span Rating Panel Thickness (inches) x 25.4formm x 0.0479 for kN/m2 Maximum Span (Inches) 

Roof/Floor Span x 25.4formm WithE~e 
Suppo 

Without Edge 
Support Total Load Uve Load x 25.4formm 

1210 5116 12 12 40 30 0 
16/0 5fl6· 3/8 16 16 40 30 0 
20/0 5fl6· 3f8 20 20 40 30 0 
24/0 3/8, 7/16· 1/2 24 207 40 30 0 

24116 7116· 1/2 24 24 50 40 16 
32/16 15/32· 1f2, 5f8 32 28 40 30 J68 
40/20 19/32· 5/8,3/4,1/8 40 32 40 30 208.9 
48/24 23/32, 3f4, 7/8 48 36 45 35 24 
54/32 7/8, I 54 40 45 35 32 
60/48 7t8,J,ll/8 60 48 45 35 48 

SINGLE-FLOOR GRADES ROOf3 FLOOR" 

Maximum Span (inches) Loads (pounds per square foot) 

Panel Span Rating (inches) Panel Thickness (Inches) x 25.4formm x 0.0479 for kN/m2 Maximum Span (Inches) 

x 25.4for mm WithE~ 
Suppo 

Without Edge 
Support Total Load Uve Load x 25.4formm 

16 oc ltz, 19/32· 5/8 24 24 50 40 168 

20 oc 19/32, 5/8, 3/4 32 32 40 30 208,9 

24 oc 23/32, 3/4 48 36 35 25 24 
32 oc 7/8, I 48 40 50 40 32 
48 oc 13/32· 11/8 60 48 50 50 48 

Applies to panels 24 inches (610 mm) or wider. 
2Aoor and roof sheathing confonnin~ with this table shaH be deemed to meet the design criteria of Section 2321. 
3Uniform load deflection limitations /180 of span under Jive load plus dead load, 1/240 under live load only. 
4Panel edges shall have approved tongue-and-groove joints or shaH be supported with blocking unless 1/4-inch (6.4 mm) minimum thickness underlayment or 11/2 inches 

(38 mm) of approved ceHular or lightweight concrete is placed over the subtloor. or finish floor is 3/4-inch (19 mm) wood strip. AHowable uniform load based on deflection 
of 1f360 of span is 100 pounds per square foot (psf) (4.79 kN/m2) except the span rating of 48 inches on center is based on a total load of 65 psf (3.11 kN/m). 

5 AHowable load at maximum span. 
6Tongue-and-groove edges, panel edge clips [one midway between each support, except two equaHy spaced between supports 48 inches (1219 mm) on center], lumber 

blocking, or other. Only lumber blocking shaH satisfy blocked diaphgrams requirements. 
?for 1/z-inch (13 mm) panel, maximum span shall be 24 inches (610 mm). 
8May be 24 inches (610 mm) on center where 3/4-inch (19 mm) wood strip flooring is instaHed at right angles to joist. 

N 9May be 24 inches (610 mm) on center for floors where Jl/2 inches (38 mm) of ceHular or lightweight concrete is applied over the panels. 
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TABLE 23-1-S-2-ALLOWABLE LOAD (PSF) FOR WOOD STRUCTURAL PANEL ROOF SHEATHING CONTINUOUS OVER 
TWO OR MORE SPANS AND STRENGTH AXIS PARALLEL TO SUPPORTS 

{Plywood structural panels are five-ply, five-layer unless otherwise noted.)1,2 

LOAD AT MAXIMUM SPAN (psi) 

THICKNESS (inch) MAXIMUM SPAN (inches) x 0.0479 for kNim2 

PANEL GRADE x 25.4formm Uve Total 

Structural I 7/16 24 20 30 
15j32 24 353 453 
1/2 24 403 503 

19~]2 , s18 24 70 80 
23/32· 3j4 24 90 100 

Other grades covered in U.B.C. 7116 16 40 50 
Standard 23-2 or 23-3 15j32 24 20 25 

ltz 24 25 30 
19/32 24 403 503 
5Jg 24 453 553 

23j32· 3j4 24 603 653 

I Roof sheathing conforming with this table shall be deemed to meet the design criteria of Section 2321. 
2Uniform load deflection limitations: 1/rso of span under live load plus dead load, 1/240 under live load only. Edges shall be blocked with lumber or other approved type 

of edge supports. 
3for composite and four-ply plywood structural panel, load shall be reduced by 15 pounds per square foot (0.72 kNfm2). 

TABLE 23-1-S-3-ALLOWABLE LOADS FOR PARTICLEBOARD ROOF SHEATHING1, 2, 3 

THICKNESS MAXIMUM ON·CENTER SPACING OF SUPPORTS LIVE LOAD TOTAL LOAD 
GRADE (Inch) (inches) (pounds per square foot) (pounds per square foot) 

x 25.4formm x 0.0479 for kNfm2 

2-M-W 3Jg4 16 45 
7/16 16 105 
7/164 24 30 

1/2 16 110 
1/z 24 40 

I Panels are continuous over two or more spans. 
2Uniform load deflection limitation: I I 180 of the span under live load plus dead load and 1/240 of the span under live load only. 
3Roof sheathing conforming with this table shall be deemed to meet the design criteria of Section 2321. 
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4Edges shall be tongue-and-groove or supported with blocking or edge clips. 
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TABLE 23-1-T-1-ALLOWABLE SPAN FOR WOOD STRUCTURAL PANEL COMBINATION SUBFLOOR-UNDERLAYMENT (SINGLE FLOOR)1,2 
Panels Continuous over Two or More Spans and Strength Axis Perpendicular to Supports 

MAXIMUM SPACING OF JOISTS (inches) 
x 25.4for mm 

IOENTIACATlON 16 I 20 24 I 32 48 
Thickness (inches) 

Species Group3 x 25.4for mm 

I lfz 5/s 3/4 - -
2, 3 5/s 3/4 7/g - -

4 3/4 7/g I - -

Span rating4 16 o.c. 20 o.c. 24 o.c. 32 o.c. 48 o.c. 

I 

1Spans limited to value shown because of possible effects of concentrated loads. Allowable uniform loads based on deflection of 1/360 of span is 100 pounds per square foot I 
(psf) S4.79 kN/m2), except allowable total uniform load for 11/g-inch (29 mm) wood structural panels over joists spaced 48 inches ( 1219 mm) on center is 65 psf (3.11 
kN/m ). Panel edges shall have approved tongue-and-groove joints or shall be supported with blocking, unless i/4-inch (6.4 mm) minimum thickness underlayment or 
1112 inches (38 mrn) of approved cellular or lightweight concrete is placed over the subfloor, or finish floor is 3/4-inch ( 19 mm) wood strip. 

2Floor panels conforming with this table shall be deemed to meet the design criteria of Section 2321. 
3 Applicable to all grades of sanded exterior-type plywood. See U.B.C. Standard 23-2 for plywood species groups. 
4Applicable to underlayment grade and C-C (plugged) plywood, and single floor grade wood structural panels. I 

TABLE 23-1-T-2-ALLOWABLE SPANS FOR PARTICLEBOARD SUBFLOOR AND COMBINED SUBFLOOR-UNDERLAYMENT1, 2 

MAXIMUM SPACING OF SUPPORTS (inches)3 
THICKNESS x 25.4for mm (inches) 

GRADE x 25.4formm Subfloor Combined Subfloor-Underlayment4.5 

2-M-W i/2 16 -
5/s 20 16 
314 24 24 

.... 
CD 
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2-M-3 3/4 20 20 

I All panels are continuous over two or more spans. I 
2FJoor sheathing conforming with this table shall be deemed to meet the design criteria of Section 2321. 
3Uniform deflection limitation: i/360 of the span under 100 pounds per square foot (4.79 kN/m2) minimum load. 
4Edges shall have tongue-and-groove joints or shall be supported with blocking. The tongue-and-groove panels are installed with the long dimension perpendicular to ~ 

supports. d 
5 A finish wearing surface is to be applied to the top of the panel. 11111 



1994 UNIFORM BUILDING CODE 23-1-U 

TABLE 23-1-U-ALLOWABLE SPANS FOR 2-INCH TONGUE-AND-GROOVE DECKING 

SPAN1 UVELOAD f E 
(feet) 

DEFLECTION UMIT 
(psi) (psi) 

x 304.8 for mm x 0.0479 for kNfm2 x 0.00689 for Nlmm2 

Roofs 

20 
1/240 

160 170.000 
1/360 256,000 

4 30 11240 210 256,000 
1/360 384,000 

40 11240 270 340,000 
1/360 512,000 

20 1/240 200 
242,000 

1/360 305,000 

4.5 30 11240 270 
363,000 

1/360 405,000 

40 1/240 350 
484,000 

1/360 725,000 

20 
1/240 

250 
332,000 

1/360 500,000 

5.0 30 11240 330 495,000 
1/360 742,000 

40 1/240 420 
660,000 

1/360 1,000,000 

20 1/240 300 
442,000 

1/360 660,000 

5.5 30 11240 400 662,000 
1/360 998,000 

40 11240 500 
884,000 

1/360 1,330,000 

20 
1/240 

360 
575,000 

11360 862,000 

6.0 30 
1/240 480 862,000 
1/360 1,295,000 

40 1/240 600 
1,150,000 

11360 1,730,000 

20 1/240 420 
595,000 

1/360 892,000 

6.5 30 
11240 560 

892,000 
1/360 1,340,000 

40 
11240 

700 
1,190,000 

11360 1,730,000 

20 
1/240 490 

910,000 
1/360 1,360,000 

7.0 30 1/240 650 
1,370,000 

1/360 2,000,000 

40 
1/240 810 

1,820,000 
1/360 2,725,000 
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23-1-U 1994 UNIFORM BUILDING CODE 

TABLE 23-1-U-ALLOWABLE SPANS FOR 2-INCH TONGUE-AND-GROOVE 
DECKING-(Continued) 

SPAN1 
LIVE LOAD f 

(feet) 
DEFLECTION UMIT 

(psi) 
E 

(psi) 

x 304.8 lor mm x 0.0479for kNim2 x 0.00689 lor N/mm2 

20 
11240 

560 
1,125,000 

11360 1,685,000 

7.5 30 
11240 

750 
1,685,000 

11360 2,530,000 

40 1/240 
930 

2,250,000 
1/360 3,380,000 

20 
11240 

640 
1,360,000 

8.0 11360 2,040,000 

30 
11240 

850 
2,040,000 

1/360 3,060,000 

Floors 

4 840 1,000,000 
4.5 40 11360 950 1,300,000 
5.0 1060 1,600,000 

.. 
'Spans are based on stmple beam action wtth 10 pounds per square foot (0.48 kNfm2) dead load and provtswns for 

a 300-pound ( 1334 N) concentrated load on a 12-inch (305 mm) width of floor decking. Random lay-up permitted 
in accordance with the provisions of Section 2326.9.3 or 2326.12.9. Lumber thickness assumed at I'lz inches (38 
mm), net. 
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TABLE 23-1-V-J-1-FLOOR JOISTS WITH U360 DEFLECTION LIMITS 
The allowable bending stress (Fb) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITERIA: 
Deflection- For 40 psi (1.92 kNfm2) live load. 
Limited to span in inches (mm) divided by 360. 
Strength- Live load of 40 psi (1.92 kNfm2) plus dead load of 10 psi (0.48 kNfm2) determines the required bending design value. 

Joist Modulus of Elasticity, E, In 1,000,000 psi 
Size Spacing 

x 0.00689 for Nlmm2 (In) (In) 

x 25.4formm 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 

12.0 8-6 8-10 9-2 9-6 9-9 10-0 10-3 10-6 10-9 10-11 II- 2 II- 4 11-7 II- 9 11-11 12- I 12-3 

16.0 7-9 8-0 8-4 8-7 8-10 9- I 9-4 9-6 9-9 9-11 10-2 10-4 10-6 10-8 10-10 II- 0 II- 2 
2x6 

19.2 7- 3 7-7 7-10 8- I 8-4 8- 7 8-9 9-0 9-2 9-4 9-6 9-8 9-10 10-0 10-2 10-4 10-6 

24.0 6-9 7-0 7- 3 7-6 7-9 7-11 8- 2 8-4 8-6 8- 8 8-10 9-0 9-2 9-4 9-6 9-7 9-9 

12.0 II- 3 II- 8 12- I 12-6 12-10 13-2 13-6 13-10 14-2 14-5 14-8 15-0 15- 3 15-6 15-9 15-11 16-2 

16.0 10-2 10-7 II- 0 II- 4 II- 8 12-0 12-3 12-7 12-10 13- I 13-4 13-7 13-10 14- I 14-3 14-6 14-8 
2x8 

19.2 9-7 10-0 10-4 10- 8 II- 0 II- 3 11-7 11-10 12- I 12-4 12-7 12-10 13-0 13- 3 13- 5 13- 8 13-10 

24.0 8-11 9-3 9-7 9-11 10-2 10-6 10-9 II- 0 II- 3 II- 5 II- 8 II-II 12- I 12-3 12-6 12-8 12-10 

12.0 14-4 14-11 15-5 15-11 16-5 16-10 17-3 17- 8 18-0 18-5 18-9 19- I 19-5 19-9 20- I 20-4 20-8 

16.0 13-0 13-6 14-0 14-6 14-11 15-3 15- 8 16-0 16-5 16-9 17-0 17-4 17- 8 17-11 18- 3 18-6 18-9 
2 X 10 

19.2 12-3 12-9 13-2 13-7 14-0 14-5 14-9 15- I 15- 5 15-9 16-0 16-4 16-7 16-11 17-2 17-5 17- 8 

24.0 II- 4 11-10 12-3 12-8 13-0 13-4 13-8 14-0 14-4 14-7 14-11 15-2 15-5 15- 8 15-11 16-2 16-5 

12.0 17-5 18- I 18-9 19-4 19-11 20-6 21-0 21-6 21-11 22-5 22-10 23- 3 23- 7 24-0 24-5 24-9 25- I 

16.0 15-10 16-5 17-0 17-7 18- I 18-7 19- I 19-6 19-11 20-4 20-9 21- I 21-6 21-10 22-2 22-6 22-10 
2 X 12 

19.2 14-11 15-6 16-0 16-7 17-0 17-6 17-11 18-4 18-9 19-2 19-6 19-10 20-2 20-6 20-10 21-2 21-6 

24.0 13-10 14-4 14-11 15-4 15-10 16-3 16-8 17-0 17- 5 17-9 18- I 18- 5 18-9 19- I 19-4 19-8 19-11 

12.0 718 777 833 888 941 993 1,043 1,092 1,140 1,187 1,233 1,278 1,323 1,367 1,410 1,452 1,494 

16.0 790 855 917 977 1,036 1,093 1,148 1,202 1,255 1,306 1,357 1,407 1,456 1,504 1,551 1,598 1,644 
Fb 

19.2 840 909 975 1,039 1,101 1,161 1,220 1,277 1,333 1,388 1,442 1,495 1,547 1,598 1,649 1,698 1,747 

24.0 905 979 1,050 1,119 1,186 1,251 1,314 1,376 1,436 1,496 1,554 1,611 1,667 1,722 1,776 1,829 1,882 

NOTE: The required bending design value, Fh, in pounds per square inch ( x 0.00689 for N/mm2) is shown at the bottom of this table and is applicable to all lumber sizes 
~ shown. Spans are shown in feet-inches (I foot= 304.8 mm, I inch= 25.4 mm) and are limited to 26 feet (7925 mm) and less. 
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TABLE 23-1-V-J-2-FLOOR JOISTS WITH U360 DEFLECTION LIMITS 
The allowable bending stress (Fb) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only . 

DESIGN CRITERIA: 
Deflection - For 40 (1.92 kNfm2) psf live load. 
Limited to span in inches (mm) divided by 360. 
Strength- Live load of 40 psf (1.92 kN/m2) plus dead load of 20 psf (0.96 kN/m2) determines the required bending design value. 

Joist Modulus of Elasticity, E, in t ,000,000 psi 
Size Spacing 

x 0.006891or N/mm2 (In) (in) 

x 25.41ormm 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 

12.0 8-6 8-10 9- 2 9-6 9-9 10-0 10-3 10-6 10-9 10-11 II- 2 11-4 II- 7 II- 9 II-II 12- I 12- 3 

16.0 7-9 8-0 8-4 8-7 8-10 9- I 9-4 9-6 9-9 9-11 10-2 10-4 10-6 10-8 10-10 II- 0 II- 2 
2x6 

19.2 7-3 7-7 7-10 8- I 8-4 8-7 8-9 9-0 9-2 9-4 9-6 9-8 9-10 10-0 10-2 10-4 10-6 

24.0 6-9 7-0 7- 3 7-6 7-9 7-11 8-2 8-4 8-6 8- 8 8-10 9-0 9-2 9-4 9-6 9-7 9-9 

12.0 II- 3 11- 8 12- I 12-6 12-10 13-2 13-6 13-10 14-2 14-5 14-8 15-0 15- 3 15-6 15-9 15-11 16-2 

16.0 10-2 10-7 II- 0 II- 4 II- 8 12-0 12-3 12-7 12-10 13- I 13-4 13-7 13-10 14- I 14-3 14-6 14-8 
2x8 

19.2 9-7 10-0 10-4 10- 8 ll- 0 II- 3 11-7 11-10 12- I 12-4 12-7 12-10 13-0 13- 3 13-5 13- 8 13-10 

24.0 8-11 9-3 9-7 9-11 10-2 10-6 10-9 ll- 0 II- 3 ll- 5 II- 8 II-II 12- I 12-3 12-6 12- 8 12-10 

12.0 14-4 14-11 15- 5 15-11 16-5 16-10 17-3 17- 8 18-0 18- 5 18-9 19- I 19- 5 19-9 20- I 20-4 20- 8 

16.0 13-0 13-6 14-0 14-6 14-11 15-3 15-8 16-0 16-5 16-9 17-0 17-4 17- 8 17-11 18- 3 18-6 18-9 
2 X 10 

19.2 12-3 12-9 13-2 13-7 14-0 14-5 14-9 15- I 15-5 15-9 16-0 16-4 16-7 16-11 17-2 17-5 17-8 

24.0 II- 4 11-10 12- 3 12- 8 13-0 13-4 13-8 14-0 14-4 14-7 14-11 15-2 15-5 15-8 15-11 16-2 16-5 

12.0 17-5 18- I 18-9 19-4 19-11 20-6 21-0 21-6 21-11 22- 5 22-10 23-3 23-7 24-0 24-5 24-9 25- I 

16.0 15-10 16-5 17-0 17-7 18- I 18-7 19- I 19-6 19-11 20-4 20-9 21- I 21-6 21-10 22-2 22-6 22-10 
2 X 12 

19.2 14-11 15-6 16-0 16-7 17-0 17-6 17-11 18-4 18-9 19-2 19-6 19-10 20-2 20-6 20-10 21-2 21-6 

24.0 13-10 14-4 14-11 15-4 15-10 16-3 16- 8 17-0 17-5 17-9 18- I 18- 5 18-9 19- I 19-4 19- 8 19-11 

12.0 862 932 1,000 1,066 1,129 1,191 1,251 1,310 1,368 1,424 1,480 1,534 1,587 1,640 1,692 1,742 1,793 

16.0 949 1,026 1,101 1,173 1,243 1,311 1,377 1,442 1,506 1,568 1,629 1,688 1,747 1,805 1,862 1,918 1,973 
Fb 

19.2 1,008 1,090 1,170 1,246 1,321 1,393 1,464 1,533 1,600 1,666 1,731 1,794 1,857 1,918 1,978 2,038 2,097 

24.0 1,086 1,174 1,260 1,343 1,423 1,501 1,577 1,651 1,724 1,795 1,864 1,933 2,000 2,066 2,131 2,195 2,258 

NOTE: The required bending design value, Fb. in pounds per square inch ( x 0.00689 for N/mm2) is shown at the bottom of this table and is applicable to all lumber sizes 
shown. Spans are shown in feet-inches (I foot= 304.8 mm, I inch= 25.4 mm) and are limited to 26 feet (7925 mm) and less. 
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TABLE 23-1-V-J-3-CEILING JOISTS WITH U240 DEFLECTION LIMITS 
The allowable bending stress (Fb) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITERIA: 
Deflection- For 10 (0.48 kN/m2) psi live load. 
Limited to span in inches (mm) divided by 240. 
Strength- Live load of 10 psi (0.48 kN/mm2) plus dead load of 5 psi (0.24 kNim2) determines the required fiber stress value. 

Joist Modulus of Elasticity, E, in 1,000,000 psi 
Size Spacing 

x 0.00689 for Nlmm2 (In) (in) 

x 25.4for mm 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 

12.0 9-10 10-3 10-7 10-11 11-3 11-7 11-10 12-2 12-5 12-8 12-11 13-2 13-4 13-7 13-9 14-0 14-2 

16.0 8-11 9-4 9-8 9-11 10-3 10-6 10-9 11-0 11-3 11-6 11-9 11-11 12-2 12-4 12-6 12-9 12-11 
2X4 

19.2 8-5 8-9 9-1 9-4 9-8 9-11 10-2 10-4 10-7 10-10 11-0 11-3 11-5 11-7 11-9 12-0 12-2 

24.0 7-10 8-1 8-5 8-8 8-11 9-2 9-5 9-8 9-10 10-0 10-3 10-5 10-7 10-9 10-11 Il-l 11-3 

12.0 15-6 16-1 16-8 17-2 17-8 18-2 18-8 19-1 19-6 19-11 20-3 20-8 21-0 21-4 21-8 22-0 22-4 

16.0 14-1 14-7 15-2 15-7 16-1 16-6 16-11 17-4 17-8 18-1 18-5 18-9 19-1 19-5 19-8 20-0 20-3 
2x6 

19.2 13-3 13-9 14-3 14-8 15-2 15-7 15-11 16-4 16-8 17-0 17-4 17-8 17-11 18-3 18-6 18-10 19-1 

24.0 12-3 12-9 13-3 13-8 14-1 14-5 14-9 15-2 15-6 15-9 16-1 16-4 16-8 16-11 17-2 17-5 17-8 

12.0 20-5 21-2 21-11 22-8 23-4 24-0 24-7 25-2 25-8 

16.0 18-6 19-3 19-11 20-7 21-2 21-9 22-4 22-10 23-4 23-10 24-3 24-8 25-2 25-7 25-11 
2x8 

19.2 17-5 18-1 18-9 19-5 19-11 20-6 21-0 21-6 21-11 22-5 22-10 23-3 23-8 24-0 24-5 24-9 25-2 1 

I 

24.0 16-2 16-10 17-5 18-0 18-6 19-0 19-6 19-11 20-5 20-10 21-2 21-7 21-11 22-4 22-8 23-0 23-4 

12.0 26-0 

16.0 23-8 24-7 25-5 
2 X 10 

19.2 22-3 23-1 23-11 24-9 25-5 

24.0 20-8 21-6 22-3 22-11 23-8 24-3 24-10 25-5 26-0 

12.0 711 769 825 880 932 983 1,033 1,082 1,129 1,176 1,221 1,266 1,310 1,354 1,396 1,438 1,480 

16.0 783 847 909 968 1,026 1,082 1,137 1,191 1,243 1,294 1,344 1,394 1,442 1,490 1,537 1,583 1,629 
Fb 

19.2 832 900 965 1,029 1,090 1,150 1,208 1,265 1,321 1,375 1,429 1,481 1,533 1,583 1,633 1,682 1,731 

24.0 896 969 1,040 1,108 1,174 1,239 1,302 1,363 1,423 1,481 1,539 1,595 1,651 1,706 1,759 1,812 1,864 

NOTE: The required bending design value, Fh, in pounds per square inch ( x 0.00689 for N/mm2) is shown at the bottom of this table and is applicable to all lumber sizes 
~ shown. Spans are shown in feet-inches (I foot= 304.8 mm, I inch= 25.4 mm) and are limited to 26 feet (7925 mm) and less. 
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')J TABLE 23-1-V-J-4-CEILING JOISTS WITH U240 DEFLECTION LIMITS 
~ The allowable bending stress (Fb) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 
0 

DESIGN CRITERIA: 
Deflection- For 20 psi (0.96 kN/m2) live load. 
Limited to span in inches (mm) divided by 240. 
Strength- Live load of 20 psi (0.96 kN/m2) plus dead load of 10 psi (0.48 kNfm2) determines the required bending design value. 

Joist Modulus of Elasticity, E, in t ,000,000 psi 
Size Spacing 

x 0.00689 for Nlmm2 (In) (In) 

x 25.4formm 0.8 0.9 t.O t.t 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 

12.0 7-10 8-1 8-5 8-8 8-11 9-2 9-5 9-8 9-10 10-0 10-3 10-5 10-7 10-9 10-11 11-1 

16.0 7-1 7-5 7-8 7-11 8-1 8-4 8-7 8-9 8-11 9-1 9-4 9-6 9-8 9-9 9-11 10-1 
2x4 

19.2 6-8 6-11 7-2 7-5 7-8 7-10 8-1 8-3 8-5 8-7 8-9 8-11 9-1 9-3 9-4 9-6 

24.0 6-2 6-5 6-8 6-11 7-1 7-3 7-6 7-8 7-10 8-0 8-1 8-3 8-5 8-7 8-8 8-10 

12.0 12-3 12-9 13-3 13-8 14-1 14-5 14-9 15-2 15-6 15-9 16-1 16-4 16-8 16-11 17-2 17-5 

16.0 11-2 11-7 12-0 12-5 12-9 13-1 13-5 13-9 14-1 14-4 14-7 14-11 15-2 15-5 15-7 15-10 
2x6 

19.2 10-6 10-11 11-4 11-8 12-0 12-4 12-8 12-11 13-3 13-6 13-9 14-0 14-3 14-6 14-8 14-11 

24.0 9-9 10-2 10-6 10-10 11-2 11-5 11-9 12-0 12-3 12-6 12-9 13-0 13-3 13-5 13-8 13-10 

12.0 16-2 16-10 17-5 18-0 18-6 19-0 19-6 19-11 20-5 20-10 21-2 21-7 21-11 22-4 22-8 23-0 

16.0 14-8 15-3 15-10 16-4 16-10 17-3 17-9 18-1 18-6 18-11 19-3 19-7 19-11 20-3 20-7 20-11 
2x8 

19.2 13-10 14-5 14-11 15-5 15-10 16-3 16-8 17-1 17-5 17-9 18-1 18-5 18-9 19-1 19-5 19-8 

24.0 12-10 13-4 13-10 14-3 14-8 15-1 15-6 15-10 16-2 16-6 16-10 17-2 17-5 17-9 18-0 18-3 

12.0 20-8 21-6 22-3 22-11 23-8 24-3 24-10 25-5 26-0 

16.0 18-9 19-6 20-2 20-10 21-6 22-1 22-7 23-1 23-8 24-1 24-7 25-0 25-5 25-10 
2 X 10 

19.2 17-8 18-4 19-0 19-7 20-2 20-9 21-3 21-9 22-3 22-8 23-1 23-7 23-11 24-4 24-9 25-1 

24.0 16-5 17-0 17-8 18-3 18-9 19-3 19-9 20-2 20-8 21-1 21-6 21-10 22-3 22-7 22-11 23-4 

12.0 896 969 1,040 1,108 1,174 1,239 1,302 1,363 1,423 1,481 1,539 1,595 1,651 1,706 1,759 1,812 

16.0 986 1,067 1,145 1,220 1,293 1,364 1,433 1,500 1,566 1,631 1,694 1,756 1,817 1,877 1,936 1,995 
Fb 

19.2 1,048 1,134 1,216 1,296 1,374 1,449 1,522 1,594 1,664 1,733 1,800 1,866 1,931 1,995 2,058 2,120 

2.4 

11-3 

10-3 

9-8 

8-11 

17-8 

16-1 

15-2 

14-1 

23-4 

21-2 

19-11 

18-6 

25-5 

23-8 

1,864 

2,052 

2,181 
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NOTE: The required bending design value, Fb, in pounds per square inch ( x 0.00689 for N/mm2) is shown at the bottom of this table and is applicable to all lumber sizes I ~ 
shown. Spans are shown in feet-inches (I foot= 304.8 mm, I inch= 25.4 mm) and are limited to 26 feet (7925 mm) and less. ~ 

24.0 1,129 1,221 1,310 1,396 1,480 1,561 1,640 1,717 1,793 1,866 1,939 2,010 2,080 2,149 2,217 2,283 2,349 
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TABLE 23-1-V-R-1-RAFTERS WITH U240 DEFLECTION LIMITATION 
The allowable bending stress (Fb) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITERIA: 
Strength- Live load of 20 psi (0.96 kNfm2) plus dead load of 10 psi (0.48 kN/m2) determines the required bending design value. 
Deflection -For 20 psi (0.96 kNfm2) live load. 
Limited to span in inches (mm) divided by 240. 

Raf- Bending Design Value, fb (psi) 
ter Spac· 

~~~ Ins 
(In x 0.00689 for Nlmm2 

x 25.4for 
mm 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 

12.1 7·1 1·2 8·2 10·0 11·18 11· 7 12·4 11·0 11·7 14·2 14-8 15·4 15·11 11·5 11·11 17·5 17·10 

211 
11.1 1·2 7·1 7-11 I· I 1·5 10·0 11·8 11·3 11-8 12·4 12·10 11·1 13·8 14-2 14·8 15·1 15·1 15·11 18·1 

11.2 5·7 I· I 7·1 7-11 8-7 8·2 1·8 10·1 10·1 11·1 11·1 12·2 12·7 18·1 11·4 11·1 14·2 14-8 14·18 15·2 15·7 

24.8 5·0 5·18 8·1 7·1 7·1 8·2 8·1 1·2 I· 7 11·0 11·5 10·10 11·1 11· 7 11·11 12·4 12·8 11·8 11·1 11-7 11·11 14·2 

1U 1·4 10·10 12·1 11·1 14·4 15·1 11·1 17·1 17-11 18· I 11· 8 20·1 20·11 21· 7 22·1 22-11 21-7 

218 
11.8 1·1 1·4 18·1 11-8 12·5 13·1 14·0 14-10 15·8 11·3 18·10 17-1 18·1 18·1 18·4 11·10 20· 5 20·11 21·5 

11.2 1· 5 8-7 1-7 10·1 11·4 12·1 12-10 18·8 14·2 14-10 15· 5 18·0 11·7 17·1 17-7 18·1 18· 7 11·1 11· 7 20·1 20·1 

24.0 1·7 7-1 8-7 1·4 10·1 10·10 11-1 12·1 12·8 18· 8 11· I 14·4 14-10 15·3 15·1 11·8 11· 8 17-1 17-8 17-11 18·4 11·1 

1U 11-11 18·8 15·5 18·11 18·1 11·8 28·8 21·10 22·10 21·11 24-10 25·10 

11.1 10·4 11-11 13·4 14·8 15·11 18·11 17·11 18·11 18·10 20·8 21-8 22·4 21·1 21·11 24-7 25·4 21·0 
2111 

11.2 1·5 10·11 12·2 11·4 14·5 15·5 11·4 17·3 18·1 18·11 11·8 20·5 21·1 21-10 22·1 23·1 21·1 24-5 25·0 25·7 

24.8 1·5 I· I 18·11 11·11 12·11 11·1 14·1 15·5 11·2 11·11 17-7 11·1 18·11 18·8 20·1 28·8 21·3 21-18 22·4 22·11 21·5 21·11 

12.1 14·1 11·1 18·1 20·1 22·2 21·1 25·2 

2112 
11.1 12-7 14·8 18·1 17-1 11·1 28·1 21-1 21·0 24·1 25· 2 

18.2 11-8 18·1 14·10 11·1 17·1 18·1 11·11 21-0 22·0 23· 0 21·11 24·10 25·8 

24.1 11·1 11-10 11·1 14·8 15·1 18·1 17-1 18·8 11·1 20·8 21-5 22·2 28·0 28·8 24·5 25·2 25·10 

12.8 0.15 0.24 u1 0.44 0.55 0.87 0.80 0.84 1.08 114 1.40 1.51 1.78 1.81 2.118 UB 2.47 

11.1 0.13 0.21 8.28 0.38 0.41 0.58 0.70 0.82 0.84 1.87 111 1.85 1.50 1.85 1.11 1.87 2.14 2J1 2.41 
E 

11.2 0.12 0.11 8.28 0.85 0.44 0.53 0.84 0.75 0.88 0.88 1.10 1.28 1.37 1.51 1.15 1.80 1.85 2.11 2.27 2.41 uo 
24.1 0.11 0.17 1.24 8.81 0.88 8.41 0.57 0.17 0.77 0.88 8.81 1.10 1.22 1.15 1.48 1.81 1.75 1.88 U8 2.11 2JI 2.41 

NOTE: The required modulus of elasticity. E, in I ,000,000 pounds per square inch (psi) ( x 0.00689 for N/mm2) is shown at the bottom of this table, is limited to 2.6 million 
psi (17 914 N/mm2) and less, and is applicable to all lumber sizes shown. Spans are shown in feet-inches (I foot= 304.8 mm, I inch= 25.4 mm) and are limited 
to 26 feet (7925 mm) and less. 
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~ TABLE 23-1-V-R-2-RAFTERS WITH U240 DEFLECTION LIMITATION 
:S The allowable bending stress (Fb) and modulus of elasticity (f) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 
N 

DESIGN CRITERIA: 
Strength- Live load of 30 (1.44 kNfm2) psi plus dead load of 10 psi (0.48 kNfm2) determines the required bending design value. 
Deflection- For 30 psi (1.44 kNfm2) live load. 
Limited to span in inches (mm) divided by 240. 

Raf- Bending Design Value, fb (psi) ter sr.:-
~~~ (Jn~ x 0.00689 for Nlmm2 

x 25.4 for 
mm 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 

ltl 1-2 7-1 7-11 I-I 1·5 ID-1 Il-l 11-1 Il-l 1!-4 lf-11 Il-l II· 8 14-2 14-1 15-1 

211 
18.1 5-4 1-2 1·11 7-1 1-f I-I I-I I-I 11-f ID-8 11-1 11-1 11-11 lf-4 1!-1 Il-l 

11.2 4-10 5-7 I-I l-ID 7·5 7-11 1·5 I-ll 1·4 1-8 10-1 ID-1 10-10 11-1 11-7 11-11 

24.1 4-4 5-1 5-7 1-f 1·8 7-1 7-1 7-11 1·4 I-I I-I 1-5 I-I ID-1 11-4 10-1 
ltl 8-1 1-4 Il-l 11-1 1!-5 Il-l 14-D 14·10 15-1 Il-l 11-ID 17-1 Il-l 18-1 11-4 18-ID 

211 
11.0 7-D I-I I-I 8-11 10-1 11-1 If-f 12-10 18·5 14-8 14-7 15-2 15-1 11-3 11-8 17-f 
Ill 8-5 7-5 I-I 8·1 8-1 10-1 11-1 II- I 12-3 12-10 18-4 II-II 14-4 14-10 15-1 15-1 
24.0 5-8 1-7 7-5 I· I I-I 1-4 8-11 10-B II· D 11-1 11-11 12-5 1!-ID 18-3 II· 8 14-1 
IU 11-4 11-11 11-4 14·1 15-10 IB-11 17-11 18-11 18-10 20-1 21-8 ff-4 fl-1 fl-11 24-7 25-4 

2111 
18.1 I-ll 10-4 11-7 12-1 18-1 14-8 15-B 18·4 17·2 17-11 II· 8 18·4 m-1 m-8 21-4 21·11 
Ill 1·2 1-5 10-7 II· 7 12-1 13·4 14-2 14-11 15-1 11-4 11·0 17-8 18-1 18-11 18-B m-o 
24.1 7·4 1-5 1-5 11-4 II- 2 11-11 12-1 13·4 14·0 14-8 15·8 15-10 11-4 18·11 17-5 17·11 
IU 1!-7 14-1 11·8 17-1 18-1 m-1 21-1 fa-a 24·1 25· f 
11.8 10-11 1!-7 14·1 15-5 11-8 11·8 11-10 18-11 fO-lD 21-8 tt-l fa· I 24·4 25-2 25-11 

2112 
Ill 8-11 Il-l 1!-11 15-2 Il-l 18-2 11-0 fll-1 fl-8 21-1 14-1 17-1 II· II tt-l 21-8 24-4 

24.0 8-11 Il-l 11·1 1!-7 18-7 14-1 15-5 IB·I 17-0 11· 8 18-8 18·3 18·11 m-1 2H fl-1 
IU 1.15 on 1.12 8.41 1.54 1.81 0.71 0.82 Ul Ill 1.38 1.5! 1.88 1.81 t04 U2 
II.D l13 OlD Dll 8.37 1.47 1.57 0.81 0.80 0.82 1.85 1.18 1.82 1.48 1.81 1.71 1.82 

E 
Ill 8.12 8.18 Oll 8.34 1.48 0.52 0.82 8.71 8.34 0.85 I .DB uo 1.33 1.47 1.81 1.75 
24.0 D.ll D. II Dll 8.30 1.38 1.48 0.55 0.85 0.75 0.85 o• 1.01 1.18 1.31 1.44 1.57 

1900 2000 2100 

15-8 15-11 

II· 5 Il-l 14-1 
1!-8 1!-7 12-18 
ID-11 11- a Il-l 
fll-5 fll-11 
17-1 Il-l 11-7 
18-2 11-7 11-11 
IH 14-ID 15-2 
fB-I 
tt-l 23-1 23-1 
fD-7 21-1 21-1 
11-5 18-11 11-4 

25-D 25-1 
tt· 5 21-1 21-1 

2.41 2.U 
tal U5 t42 
1.811 2.85 Ul 
1.70 1.14 1.81 

2200 2300 

14-5 
11-2 Il-l 

11·1 12-D 

18-1 
17-4 17-8 
15-1 15-11 

24-1 
tt-2 tt-l 
18-11 m-1 

24-1 24-1 

till 
t37 t53 
tlf U7 

2400 

lf-4 

Il-l 

m-1 

25-2 

t41 

...... 
U) 
U) .,.. 
c: z 
:;; 
0 
::D 
:s::: 
m 
c: 
r= 
0 

NOTE: The required modulus of elasticity. £, in I ,000,000 pounds per square inch (psi) ( x 0.00689 for N/mm2) is shown at the bottom of this table, is limited to 2.6 million I j 
psi (17 914 Nfmrn2) and less, and is applicable to all lumber sizes shown. Spans are shown in feet-inches (I foot= 304.8 mm, I inch= 25.4 mm) and are limited ~ 
to 26 feet (7925 mm) and less. 1 
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TABLE 23-1-V-R-3-RAFTERS WITH U240 DEFLECTION LIMITATION 
The allowable bending stress (Fb) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITERIA: 
Strength- Live load of 20 psi (0.96 kN/m2) plus dead load of 15 psi (0.72 kN/m2) determines the required bending design value. 
Deflection -For 20 psi (0.96 kN/m2) live load. 
Limited to span in inches (mm) divided by 240. 

Ral· Sja:· Bending Design Value, Fb (psi) 
llr 

Size (r'~ x 0.00689 for Nlmm2 (In) 

x 25.41or 
mm 300 400 500 600 700 aoo 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2&00 2700 

IZJ 1·7 7·7 I· I 1-4 Il-l Il-l 11-li 1%-1 I!· 7 II-! Il-l IH 14-1 li·! Ii-I II· I 11·7 11-1 IH IHI 

IU li·l 1-7 1-4 I· I I-I 1·4 I-ll ll·li 11·11 IH IHI 1!-4 1!-1 II-! 11-7 11·11 IH 14-1 Ii-I I i-Ii IIi- I Il-l II· I 
Ul 

Ill H I-I I· I 1-4 HI I· I I-I I-I 1-11 II-i II· II Il-l 11· 7 I!· I 1!·4 I!· I II· I I I-Ii Il-l 14·1 14-li 14-1 Ii-I lli-4 

!U 4-1 li-4 I· I 1·7 7·1 1· 7 I-I I-I 1·11 1-4 ... Il-l II-i II· I 11·1 IH IH I!· I 1!·4 1!-7 I!· II IH II-i Il-l 11-11 

IZJ I· I II· I IH I!· I Il-l IH Ii-I li-11 11-7 17-4 Il-l Il-l II-i !I· I !I-I !1·1 !HI !H !!·11 !I-I 

IU 1-1 I-I I· I 11-7 11·1 I!· I II· I Il-l IH Ii-I li-7 Il-l Il-l 11-4 IHI II-i 11·11 11-li II-II !1-4 !I-I !1-1 !1·1 
Ul 

Ill 1·11 HI 1·11 I· I Il-l IH IHI I!· I 11·1 Il-l 14-1 14-11 li-4 li-11 11-4 II· I 17·1 17·1 II· I 11·7 Il-l II-i Il-l !1-! 

!U 1-! 7·1 HI I· I ... Il-l 11-7 IH 11·1 I!· I 1!-1 II· I II· I IH 14·7 IIi· I li·i IIi· II Il-l 11-7 11-1 11-4 11-1 Il-l ll·li 

IZJ 11·1 I!· I 14-1 Ii-I 11-11 Il-l II-! !I·! !I·! U·l !I· I !1-11 !4·1 !i·l 

IU 1·7 11-1 1!-4 Il-l 14·1 Ii-I 11-7 11-1 11-4 II-! 11·11 !I-I !H U·l U·ll !1-i !4·1 !4·1 !i-4 !5·11 
!Ill 

Ill I· I II· I Il-l 1!-4 11-4 14-1 IIi-! li-11 Il-l 17-1 II-! 11·11 11-7 !I·! !I-ll !f·li U·l !!·1 !I· I !I-I !H !4-1 5-1 5-1 

!U HI I-I Il-l 11·1 IHI I!· I Il-l 14-1 Ii-I I Ii-I Il-l 11-11 11-1 II· I 11-7 II-! II· I !1-! !I-I !I·! !1·1 U·l U·1 !I-I !I· I 

IZJ Il-l IIi· I 11-4 Il-l !I-I !1·11 !I-I !4·1 !i-1 

IU 11·1 II-i Ii-I Il-l 17-1 Il-l !1-! !1·1 U·4 !I-I !4·1 !li-! !I-I 
!II! 

Ill Il-l I!· I Il-l Ii-I Il-l 11-4 II-i ll·li !1-4 !1·1 U·! !I· I !I· I !4·7 !li-4 !I· I 

!U I· I IH I!· I ll·i 14-1 Ii-I Il-l 11-4 II-! Il-l II· II !I-I !1-1 !1-11 U·l !I· I !1·11 !4-1 !i-! !Ii-I 

IZJ 1.1! lll Ill Ui l44 U4 U4 I.Ji ... Ul 1.11 1!4 1.17 Ul 1 .. Ul 1 .. t1! L!J t44 

IU l11 lll I.ZI Ul Ul l. Uli l.lli l7i l.lli Ul 1.17 1.11 Ill 1.44 1.51 111 I .a 1.17 t11 L!J Ul til 
I 

Ill lll llli l!l I.Z7 Ui l4! lil lil Ul l7l lll Ul 1 .. Ill Ill 1.41 Uli 1.17 t.• I .a ZJI L!J U4 t41 

!U Ul lll lll u U1 lll l41i lil U1 l7l l7l Ul U7 1.17 1.17 Ill Ill 1.51 1.11 111 I .IIi 1.17 ZJI m Uli 

NOTE: The required modulus of elasticity,£, in I ,000,000 pounds per square inch (psi) ( x 0.00689 for N/mm2) is shown at the bottom of this table, is limited to 2.6 million 
psi (17 914 N/mm2) and less, and is applicable to all lumber sizes shown. Spans are shown in feet-inches (I foot= 304.8 mm, I inch= 25.4 mm) and are limited 
to 26 feet (7925 mm) and less. 
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TABLE 23-1-V-R-4-RAFTERS WITH U240 DEFLECTION LIMITATION 
The allowable bending stress (Fb) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITERIA: 
Strength- Live load of 30 psi (1.44 kNfm2) plus dead load of 15 psi (0.72 kNfm2) determines the required bending design value. 
Deflection- For 30 psi (1.44 kNfm2) live load. 
Limited to span in inches (mm) divided by 240. 

Rll· Sjlac· Bending Design Value, ft, (psi) 
llr 

Size lng 

(in) (in) x 0.00689 lor Nlmm2 

x 25.4 lor 
mm 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 23110 2400 2500 2600 

IU i-11 I-I 7-1 I·! I-ll I· I Il-l 11·7 II· I 11-7 I!· I I!· I Il-l ll·li II-II 14·! 14-1 Ii-I li-4 Ii-I 

IU i-1 i-11 I-I 7·1 7·1 I·! I-I 1-! 1-7 Il-l 11-li 11-11 Il-l 11-7 11·11 1!·4 1!-1 Il-l Il-l 11·7 11-11 14-! 
!II 

IU 4· 7 i-4 li·ll I-I 7-1 7-1 1-11 1-4 1-1 1-! I-I 1-11 Il-l 11·7 II-II Il-l Il-l 11·11 I!·! l!·li 1!-1 Il-l II· I Il-l 

!U 4·1 4-1 i-4 i-ll I-I I· I 1·1 1-1 7-11 I·! I-I I-ll 1-! I-I I· I II· I 11·4 11-7 11-11 II· I IH 11·7 11-11 I!· I 

IU 7·1 1·11 1·11 11-11 II· I I!· I Il-l II-II 14·1 Ii-I IIi· II Il-l 17·1 17-1 II-! 11·1 Il-l Il-l !I-I !I-I 

IU I· 7 7·1 1·7 1-4 Il-l 11-11 Il-l I!· I I!· I II· I Il-l 14-4 14-11 IIi· I Ii-I 11·1 11·1 17·1 11-1 11-11 11-4 Il-l 
!II 

IU I· I 7-1 7-11 1·7 1-1 I-ll Il-l Il-l II· 7 I!· I 1!·7 Il-l Il-l II-II 14-li 14·11 IIi·! li-7 Il-l 11-4 Il-l 17·1 17-li 17·1 

!U i-1 I-I 7·1 7·1 I· I I-ll 1-4 1-11 11-4 11-11 Il-l Il-l I!· I I!· I I !-II II· I II· 7 II· II 14·4 14·1 Ii-I Ii-I lli-7 li-11 

IU I· I 11·1 1!·7 II· I 14-11 li-11 II-II 17·11 Il-l Il-l !1-4 !I· I !1·11 !H !I· I !1·11 !4-1 !li-! !li-11 

IU I-Ii I-I 11-11 IHI 1!·11 II· I 14·1 15-5 II-! II-II 17·7 11·1 11-11 II· I !I-I !I· I fl·l fl-11 !H !l!·ll !I-Ii !1·11 
!Ill 

IU 7·1 1·11 1·11 II-II II· I 1!-7 11·4 14·1 14·1 I i-Ii Il-l Il-l 17·1 17·11 11-4 II-II 11-li II· II !I-Ii !1·11 !1·4 fl-11 !l!·l !l!·l 

!U 1·11 I-I 1·11 I-I Il-l II· I IHI 1!·7 II·! II· I 14-4 14·11 li-li li-11 II-i II-II 11-4 17·11 11·1 Il-l Il-l Il-l 11-11 !1-4 

IU 11-11 II· I li-4 Il-l Il-l 11-4 !I-I fl·l !l!·l !I· I !4-1 !li-7 

IU Il-l 11·11 Il-l 14-1 Ii-I Il-l 17-1 11·1 Il-l !I-I fl·li !l!·! !I· I !I· I !4-li !li·! !li-11 
!II! 

IU 1-4 II-II I!· I Il-l 14-4 li-4 Il-l 17·1 17·11 Il-l Il-l !I-I fl·l fl·l !l!-4 !I· I !1·7 !4·! !4-11 !i-Ii !li-11 

!U l·li ... 11·11 11·11 I !-II II· I 14-1 lli-4 Il-l Il-l 17-li Il-l 11·1 11·4 !I-I !I· I fl·l fl·l !l!·! !l!-1 !I-I !I· I !4·! !4-1 

IU lll lll lZ1 Ul l41i Uli Ul l11 l.a IJI 1.14 Ill 1.41 Ul r.n I .a U! !.II !J4 !.i1 

IU lll l17 l!4 U1 Ul l41 U1 U1 l11 Ul Ul 1.11 1.!! I .IIi 1.41 IJI IJii I .a !.D !.II !.II !.41 
I 

IU lll llli U! Ul Ul l44 l1i! IJ1 lll Ul Ul IJI 1.1! Ill I .IIi 1.41 Ill 1.7! I .IIi I .a !.1! !.!1 !.41 Uli 

2700 

IH 

11·1 

!I-I 

!li·! 

.... 
CD 

~ 
c: z 
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NOTE: The required modulus of elasticity, E, in I ,000,000 pounds per square inch (psi) ( x 0.00689 for N/mm2) is shown at the bottom of this table, is limited to 2.6 million I j 
psi (17 914 N/mm2) and less, and is applicable to all lumber sizes shown. Spans are shown in feet-inches (I foot= 304.8 mm, I inch= 25.4 mm) and are limited g 
to 26 feet (7925 mm) and less. J 

!4J Ul l14 lll Uli U! Ul l41 l1i4 Ul 1.7! U1 ... I. 1.11 Ill IJI 1.41 1.54 I. 1.11 I. U! !.IIi !.!1 !.41 
- --



TABLE 23-1-V-R-5-RAFTERS WITH L/240 DEFLECTION LIMITATION 
The allowable bending stress (Fb) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITERIA: 
Strength- Live load of 20 psi (0.96 kNfm2) plus dead load of 20 psi (0.96 kN/m2) determines the required bending design value. 
Deflection -For 20 psi (0.96 kNfm2) live load. 
Limited to span in inches (mm) divided by 240. 

' 

Rll· sr,:- Bending Design Value, I) {psi) 
lor 

Size <r.~ 
I 

(in) x 0.00689 for Ntmm2 

x 25.41or 
mm 300 400 500 600 700 800 900 1000 1100 1200 1300 14110 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 

1U I·Z 7·1 J.t1 I· I I-Ii 11-1 Il-l 11-1 11·1 12-4 IZ-11 11-1 II· I 14-Z 14-1 IIi· I IIi· I li-11 Il-l Il-l IH 17-li 11-1 11-1 

IU li·4 1-Z I-ll H 1-Z I-I I-I I-I 11-Z Il-l II· I Il-l IHI 12-4 IH Il-l I I-Ii Il-l 14-1 14-li 14-1 lli-1 lli-4 IIi- I 11-1 
Zll 

II.Z 4-11 li-7 I-I I-ll 7-li J.tl I-Ii I-ll 1-4 I· I Il-l Il-l 11-11 Il-l IJ.7 IHI lz.l lz.J IZ·II 11-Z Il-l Il-l 14-1 14-4 14-7 

zu 4-4 Ii-I li-7 I·Z I-I 7-1 7-1 J.tl 1-4 I-I I-I I-Ii I-I Il-l 11-4 Il-l II-II Il-l Il-l 11-1 IZ-1 IZ-4 IZ-7 12-11 11-1 

IU I-I 1-4 Il-l 11-1 1Z-Ii Il-l 14-1 14-11 IIi- I Il-l 11-11 11-1 II· I Il-l 11-4 11-11 Zl-li Zl-11 Zl-5 Zl-11 ZZ-Ii ZZ-11 Zl-li Zl-11 

IU 7-1 I-I I-I I-ll 11-1 Il-l 12-Z IZ-11 II-i 14-1 14-7 11i-Z IIi- I Il-l Il-l 11-Z 17-1 Il-l 11-7 Il-l 11-li II-II Zl-1 Zl-1 Zl-1 
Zll 

II.Z I-Ii 7-li I-I 1-1 I-I Il-l 11-1 11-1 IZ·I IZ-11 11-4 11-11 14-4 14-11 IIi- I IIi- I II- Z 11-7 11-11 17-4 17-1 11-1 Il-l 11-11 Il-l 

zu Ii-I 1-7 1-li I-I I-I 1-4 I-ll Il-l Il-l Il-l 11-11 12-li IZ-11 Il-l Il-l 14-1 14-li 14-11 lli-Z IIi- I lli-11 Il-l 11-7 11-11 17-Z 

IU 11-4 11-11 11-4 14-1 lli-11 11-11 11-11 11-11 11-11 Zl-1 Zl-1 ZZ-4 Zl-1 Zl-11 Z4-7 Zli-4 Zl-1 

IU 1·11 11-4 11-7 IZ·I Il-l 14-1 IIi- I 11·4 17-Z 17-11 Il-l 11-4 Zl-1 Zl-1 Zl-4 ZJ.II ZZ-1 Zl-1 Zl-1 24-1 M-Il Zli-4 Zli-11 
Zlll 

11.2 1-Z I-Ii 11-7 11-7 IZ-1 11-4 14-Z 14-11 IIi- I 11-4 17-1 17-1 Il-l 11-11 Il-l Zl-1 Zl-7 Zl-1 Zl-1 zz-z ZZ·I Zl-1 Zl-7 24-1 M-1 

zu 7-4 I-Ii I-Ii 11-4 II·Z 11-11 IZ-1 11-4 14-1 14-1 IIi- I lli-11 11-4 11-11 17-i IJ.II 11-li 11-11 11-4 11-11 Zl-1 Zl-1 Zl-1 Zl-1 Zl-11 

1U IZ-7 14-1 Il-l 11-1 Il-l Zl-1 Zl-1 Zl·l M-1 Zli-Z 

IU 11-11 IZ-7 14-1 11-li Il-l 11-1 II-II II-II Zl-11 Zl-1 ZZ-1 Zl-1 Z4-4 Zli-Z Zli-11 
ZIIZ 

II.Z I-ll Il-l IZ-11 14-1 lli-Z 11-1 17-1 11-Z Il-l II-II Zl-1 Zl-1 ZZ-1 Zl-1 Zl-1 M-4 Zli-1 Zli-1 

zu I-ll Il-l Il-l IZ-7 11-7 14-1 lli-li 11-1 IH 17-1 Il-l Il-l II-II Zl-1 ZI-Z Zl-1 ZZ-Ii Zl-1 Zl-1 M-1 Z4-l Zli-Z Zli-1 

IU lll llli I.ZZ I.ZI IJI l44 lliZ IJI IJI Ul IJI IJI 1.11 I.Z4 1 .. 1.41 I. IJI 1_. Ul tl4 Zll t4Z w 

IU Ul lll lll I.Zii U1 Ul l41i Ul U1 l11 l1l IJI U1 IJ7 1.11 I.ZI 1.11 Ul IJI IJI 1 .. IJ7 til tzz Uli 
I 

II.Z IJI liZ l17 I.ZI I.ZI Uli l41 l41 Ul ll4 I.Jl! IJI Ul Ul IJ7 1.11 U1 U7 1.41 I .Iii I. 1_. IJI Ul tlli 

zu IJ1 lll llli I.ZI I.Zii U1 U1 l41 Ul U1 ll4 l1l! IJI lll lll 1 .. 1.11 I.ZZ IJZ 1.41 Ul IJI 111 IJZ IJZ 
---

NOTE: The required modulus of elasticity, E. in 1,000,000 pounds per square inch (psi) ( x 0.00689 for N/mm2) is shown at the bottom of this table, is limited to 2.6 million 
~ psi (17 914 N/mm2) and less, and is applicable to all lumber sizes shown. Spans are shown in feet-inches (I foot = 304.8 mm, I inch = 25.4 mm) and are limited 
IS to 26 feet (7925 mm) and less. 
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TABLE 23-1-V-R-6-RAFTERS WITH U240 DEFLECTION LIMITATION 
The allowable bending stress (Fb) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITERIA: 
Strength -live load of 30 psi {1.44 kNfm2) plus dead load of 20 psi {0.96 kNfm2) determines the required bending design value. 
Deflection - For 30 psi { 1.44 kN/m2) live load. 
limited to span in inches {mm) divided by 240. 

Ref· sru- Bending Design Value, I) (psi) 
tar 

Size 
(In) (In) x 0.00689 for Nlmm2 

x 25.41or 
mm 3110 4110 5110 600 7110 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 23110 2400 25110 2600 27110 

1U i-1 1-4 7·1 7-1 1-5 I-I I-I 11-1 11-1 11-1 11-i 11-11 1%-4 1!·1 Il-l Il-l 11·11 14-r 14-7 14-11 li-1 li-7 li-11 

1U 4-1 i-1 1-r I· I 7-1 7-1 I-I I-I 1-1 I· I 1-11 11-1 11-1 11·1 IH 11·1 1!·1 1%-4 1r·7 lr-11 11-r 11-1 II· I 14-1 14-1 
211 

Ill ... i-1 li·7 1-r I-I 7·1 7·1 7-11 1-4 I· I 1-1 l·li I-I 11·1 11-4 11·1 11-11 11-1 1H 11·1 lr·l 1%-4 1!-7 lr-11 11·1 

MJ 1·11 4-1 i-1 Ii-I i-11 1-4 I-I 7·1 7-1 7-1 I-I 1-i I-I I-I I· I I-I I-I 11-1 11-1 11-1 11-1 11-1 11-1 11-li 11·1 

1tl 7-1 1-4 1·4 11-1 11·1 11-11 1!-7 11-1 11-11 14-1 1i-l li-1 11-1 11·1 17-1 17-1 Il-l Il-l 11-r 11-1 rl-1 rl-1 rl-11 

1U ... 7-1 1·1 1-11 1-7 11-1 11-11 1H lr-1 1!-7 11·1 11-7 14-1 14-1 14-11 15·5 li-11 11-1 11-7 17-1 17-li 17-1 11-1 Il-l 11-11 
!II 

Ill i-1 1-7 7-li I· I I-I 1·4 1-11 11-1 1H 1H 11-11 1H 1r·11 11-1 11-1 14-1 14-li 14·11 li-Z li-1 li-11 11-1 11-7 11-11 17-Z 

Z4J li·Z i-11 1·7 7-1 HI 1·4 1·11 1-4 1-11 11-1 11-1 11·1 1H 11-11 1Z·Z 1Z·7 1Z·11 11-1 11-7 11·11 14-r 14-1 14-11 li-1 lli-5 

1U ... 11-1 11-11 11·1 14-r 1i-1 11-1 11-11 17-1 11·1 11-1 rl-1 rl-1 !H !r-1 !Z·I Zl-l Zl·11 ZH Zi-1 Zi-7 

1U I· I 1-1 11-4 11-4 IZ·I 11-1 11-11 14-1 li-4 11-1 11-1 17-4 17-11 11-1 11-1 11·7 ZI·Z rl-1 ZH ZH !Z·Z !Z·I Zl·1 Zl-7 fil-l 
2111 

Ill H I-Ii l·li 11-4 11-Z 11-11 lr·l 11-4 14-1 14-1 li-1 li-11 11-4 11-11 17-1 17-11 11·5 11·11 11-4 11·11 rl-1 rl-1 Z1·1 Z1-l Zl-11 

zu I· I 7-7 1-i ... 11-1 11-1 11-4 11-11 1!·1 11·1 11-7 14-r 14-1 15·1 li-7 11·1 11·1 11·11 1H 17·1 11·1 11-1 11-11 11-1 11-7 

1U 11-1 11-1 14-1 li-11 17-Z 11-4 11-1 Zl-1 ZH Z!-1 Zl·li ZH li-Z Zl·l 

1U I-I 11-1 1Z·7 11-1 14·11 li-11 11-11 17·1 11·1 11-1 rl-1 Z1·1 Z1·1 !Z·I ZI·Z Zl-11 ZH Zi-Z Zi-1 
211Z 

Ill 1-11 11-1 1H 1Z·7 11-7 14-1 1i-li 11·1 17-1 17·1 11-1 11-1 11-11 Zl·l ZH Z1·1 !Z·Ii Zl-1 Zl-1 fll·1 ZH Zi-Z Zi-1 

Z4J 7-11 1-Z 11-1 11-1 1Z·Z 11·1 11·1 14-1 1i-l li-11 11-7 17·Z 17·1 11·4 11-11 11·1 Zl·l rl-1 Z1·1 ZH ZZ-1 ZZ·I Zl·l Zl-5 Zl·11 

1U l11 l17 Ill U1 Ul l47 Ul Ul 1.11 Ul 1.11 ,. U1 Ul 1.41 1.lil 1.7Z ,. til t14 Ul U4 til 

1U Ul l14 Ill Ill Ul l41 lU li7 IJii 1.15 Ul Ul 1Jii 1.15 1.ZI 1.17 1.41 1J1 1.71 ,. 1JI uz U!i ZJII Ul 
I 

Ill Ul 1.11 l11 ll4 Ul U1 l44 uz IJii IJii l17 Ul ... 1Jii 1.15 115 1.8 1.47 1.lil 1.11 1J1 Ul Uli Ul ZJ1 

zu •• ur l11 l!Z Ill Ul l41 l41 U4 IJ1 Ul 111 llli Ul 1.11 ur 1.ZZ 1J1 1.41 ur 1.1Z 1.71 1J4 1Jii til 

NOTE: The required modulus of elasticity, E, in I ,000,000 pounds per square inch (psi) ( x 0.00689 for N/mm2) is shown at the bottom of this table, is limited to 2.6 million 
psi (17 914 N/mm2) and less, and is applicable to all lumber sizes shown. Spans are shown in feet-inches (I foot= 304.8 mm, I inch= 25.4 mm) and are limited 
to 26 feet (7925 mm) and less. 
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TABLE 23-1-V-R-7-RAFTERS WITH U180 DEFLECTION LIMITATION 
The allowable bending stress (Fb) and modulus of elasticity (f) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITERIA: 
Stren~th- Live load of 20 psi ~0.96 kNfm2) plus 
dead oad of 10 psi (0.48 kN/m ) determines the required bending design value. 

Deflection - For 20 psi (0.96 kNJm2) live load. 
Limited to span in inches (mm) divided by 180. 

I 
I 
F 
T 
E I 

BENDING DESIGN VALUE, fj, (psi) I , 
I 

I c 
I I 
l • E I 

x 0.00689 for Nlmm2 (ll) (ll) 

xzur. 
!II • - • 511 • 711 • • 1. u• 1!11 1. 1 • 1511 1. 1711 1. 1. !Ill 21. n ~ 2. 281 -2711 ~ --IU I-I 4-1 i·l 5-11 1-i 1-11 H HI 1-1 I-I I-I 1-i I-I Il-l II-i Il-l 11-1 11-4 11-1 11-11 Il-l 1!-1 

! IU H 1-11 4-1 i-1 i-1 I-I 1-i I-I H 7-1 HI 1-! 1-i I-I I-I 1-4 1-7 I-ll Il-l 11-4 11-7 11-11 11-1 11-4 11-1 
I 
4 IU !-11 1-7 4-1 4-7 i-1 5-i i-ll 1-! I-I I-ll H H 7-1 I-I I-I I-I I-I I-I I-I 1-i I-I 1-11 Il-l IH Il-l Il-l 

!U !-1 H I-I 4-1 4-1 4-11 i-1 i-1 i-ll I-I 1-i .. 1-11 H H 7-7 HI I-I I-I 1-i I-I I-ll I-I 1-1 H 1-7 I-I 1-11 Il-l 

IU i-ll 7-1 1-! 1-! Il-l 11-11 11-7 1!-4 Il-l 11-7 14-! 14-1 15-4 15-11 II-i 11-11 17-i 17-11 11-4 Il-l Il-l Ii-I 

! IU i-1 1-! 7-1 HI I-I H Il-l Il-l 11-1 11-1 1!-4 IHI Il-l Il-l 14-! 14-1 Ii-I Ii-I li-11 Il-l Il-l 17-1 IH 17-1 Il-l 
I 
I IU 4-7 5-7 I-I 7-1 7-11 1-7 u I-I Il-l Il-l 11-1 11-1 1!-! 1!-7 Il-l 11-4 Il-l 14-! 14-1 14-11 Iii-! 15-7 li-11 II-! Il-l II-II 

!U 4-1 i-1 i-ll I-I 7-1 7-1 1-! I-I u 1-7 Il-l II-i II-II 11-1 11-7 11-11 1!-4 IH Il-l Il-l 11-7 11-11 14-! 14-1 14-1 15-1 li-4 li-7 li-11 

IU 7-1 1-4 II-II Il-l Il-l 14-4 Ii-I Il-l 17-1 17-11 Il-l Il-l !I-I !1-11 !1-7 ll-1 ll-11 !1-7 !4-! M-1 !5-4 D-11 

! IU 1-7 I-I 1-4 Il-l 11-1 1!-i Il-l 14-1 14-11 15-1 Il-l II-II 17-1 Il-l Il-l 11-4 II-II !1-i !1-11 !1-i !1-11 ll-i ll-11 !1-i !I-ll 
I 
I IU I-I H 1-7 1-7 Il-l 11-4 1!-1 I!-II Il-l 14-! 14·11 Ii-i Il-l 11-7 17-1 17-7 Il-l 11-7 Il-l 11-7 !I-I !I-I !1-11 !1-4 !I-I !!-! 

!U i-Ii 1-7 7-1 1-7 1-4 Il-l II-II 11-1 Il-l IH Il-l Il-l 14-4 14-11 15-1 Ii-I Il-l Il-l 17-1 17-1 17-11 11-4 Il-l Il-l Il-l II-II !I-I !1-7 !1-11 

IU I-I 11-11 Il-l Ii-i 11-11 Il-l Il-l !I-I !1-11 ll-11 D-11 !4-11 !5-11 

! IU 1-i IH 11-11 11-4 14-1 li-11 11-11 17-11 11-11 11-11 !I-I !1-1 !l-4 D-1 !1-11 M-7 D-4 !I-I 
I 

IU 7-1 1-i 11-11 1!-! 11-4 14-i Ii-i 11-4 17-1 Il-l 11-11 Il-l !1-i !1-1 !1-11 ll·l D-1 D-1 !4-5 D-1 D-7 II 
!U 1-11 1-i I-I 11-11 11-11 1!-11 Il-l 14-1 Ii-i II-! 11-11 17-7 Il-l 11-11 Il-l !I-I !I-I !1-1 !1-11 ll-4 !!-II !1-i D-11 !4-i !4-11 !5-4 !5-11 

IU Ul ll! lll Ui IJI Ul Ul Ul l11 u Ul I .IIi 1.17 1 .. 1.a U7 1.71 I .IIi Ul t1i U1 t47 
IU Ui lll lli U! Ul ... l44 U! IJ1 l11 Ul IJ1 Ul 1.11 I.M 1 .. 1.a I. 1.7J I. Ul l14 rn t4! w 

I 
IU Ui Ul l14 Ul Ul IJI l41 l41 1.11 1.14 l7l Ul Ul 1.11 1.11 I.M IJi 1.41 Ul 1.71 I.R I .IIi til w U4 Ul 

!U 1.14 Ul lll lll Ul Ul ... lG 1.11 1.11 Ul l74 Ul ll! Ul 1.11 1!1 IJI 1.41 U! 1.11 114 1 .. I. til m tJ4 t47 til 

b 
~ 

NOTE: The required modulus of elasticity, E, in 1,000,000 pounds per square inch (psi) ( x 0.00689 for N/mm2) is shown at the bottom of this table, is limited to 2.6 million psi 
(17 914 N/mm2) and less, and is applicable to all lumber sizes shown. Spans are shown in feet-inches (I foot= 304.8 mm, I inch= 25.4 mm) and are limited to 26 feet (7925 
mm) and less. 
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TABLE 23-1-V-R-8-RAFTERS WITH U180 DEFLECTION LIMITATION 
The allowable bending stress (Fj,) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITERIA: 
Stren~th- Live load of 30 psi ~1.44 kNfm2) plus Deflection- For 30 psi (1.44 kNfm2) live load. 
dead oad of 10 psi (0.48 kN/m } determines the required bending design value. limited to span in inches (mm} divided by 180. 

I 
A 
F 
T 
E I BENDING DESIGN VALUE, Fj, (psi) I , 

A 
I c 
I I 
l I 
E I 

x 0.00689 for Nlmm2 00 00 
X !1.4 .. 

81 • • • • 711 • • 1. n• u• 1. 1. 1 • 1. 1711 1. 1. -n• ml -r• M -!711 ---• 
IZJ 1-l 1·11 ... 5·1 5·1 I-I I-Ii I· I 7·Z 7·1 1-11 I·Z 1-5 ... I-I 1·4 1·7 I-ll Il-l 11·4 11·7 II· II II· I 

z IU Z·l I-Ii 1·11 ... 4-11 i-Z i-1 i-ll I·Z I-I ... 7·1 7-4 7-7 1-11 I· I ... I· I ... I· I I·Z 1-5 1-7 ... Il-l 
I 
4 IU Z·l I-I 1·7 4·1 ... ... 5·1 5·4 i·l fi-11 1-Z 1-5 ... 1·11 7-Z 7-4 7·7 H ... I·Z 1-5 1-7 ... I-ll I-I 1-1 I-Ii 

zu Z·l Z·l I·Z 1·7 1·11 4-1 ... 4-11 5·1 5-4 i-1 i-1 ... 1-Z 1·5 1·7 I· I J.l 7·Z 7-4 J.l H 1-11 I· I 1-Z ... l·li 1·7 I· I 

IZJ i-1 1-Z 7·1 1-11 I· I 1-5 Il-l II· I IH 11·1 IZ·4 IZ·II Il-l Il-l 14-Z IH 15·1 Ii-I 15·11 II· I II· I 17·1 17-5 

z IU ... 5-4 I·Z 1·11 J.l 1-Z I· I I· I I· I 11-Z Il-l 11·1 IH IHI 1!-4 IZ·I II· I II-i II· I 14·1 IH 14-1 lfi.l 15-4 lfi.l 
I 
I IU ... 4-11 5·7 I· I I-ll H 1-11 l·i 1·11 ... ... Il-l Il-l II-II IH 11-7 IHI IZ·I IZ·7 IZ·II II·Z Il-l II· I 14-1 IH 14-7 14-11 

zu 1·7 ... 5·1 li·7 I·Z I-I 7·1 J.l 7-11 1·4 I· I I-I 1-5 ... II· I 11-4 II· I 11·11 IH IH 11·1 IZ·I 1!-4 IZ·7 IZ·II Il-l Il-l Il-l II· I 

IZJ 1-7 I-I 1·4 II· I IH IZ·Ii Il-l 14-1 14-11 Ii-I Il-l II-II 11-1 Il-l II· I 11·4 II· II Zl-5 Zl·11 ZH ZHI ZH ZZ·11 

z IU i-1 H I· I I· I 1-11 Il-l IH IZ.Z IZ·II ll·li IH 14-7 lfi.Z lfi.l II· I II· I 17·Z 11-1 II· I 11·7 II· I 11-5 II-II Zl-1 Zl-1 
I 
I IU i-1 1-5 H I· I I· I ... Il-l 11·1 IH IZ·I IHI 11-4 II· II 14-4 14-11 15·1 15·1 11-Z 11-7 11-11 IH 11-1 Il-l Il-l 11-11 Il-l 11·7 

zu 4-1 i-1 1·7 H I· I ... ... I-ll II· I IH 11·1 11·11 IZ·i IHI Il-l II· I 14-1 IH 14-11 lli·Z IIi· I 15·11 Il-l 11-7 11-11 17-Z 11-1 11-11 II· I 

IZJ I-Ii 11-4 IHI 11-4 IH IIi· II II-II 11-11 11·11 II· II Zl-1 ZH ZZ·4 Zl-1 Zl-11 zn Zi·4 Zl-1 

z IU H 1·11 11-4 11-7 lz.l II· I IH IIi· I 11·4 17-Z 17-11 II· I 11-4 Zl-1 Zl·l ZH ZHI ZZ·I Zl-1 Zl·l zu M·ll Zi-4 Zi-11 
I 
II IU ... 1-l l·i 11·7 11-7 IZ·I 11·4 14-Z 14-11 Ii-I 11-4 17·1 11-1 Il-l 11-11 II· I Zl·l Zl-7 Zl·l Zl·l zz.z ZZ·I Zl-1 Zl-7 Z4-l !4-1 Zi·l 

zu I-I H l·i l·li 11-4 IH IHI IZ·I 11-4 IH 14-1 lfi.l 15-11 11-4 II-II IH 17·11 I I-Ii 11·11 11-4 II· II Zl-1 Zl-1 Zl·l Zl·l ZHI ZZ·4 ZZ·I Zl·l 

IZJ Ul lll ll7 ll4 IJZ ta ta llil Ul 1.11 Ul uz 1.14 I.Z7 I .a l.lil I .a I .a 1.15 z.1l Uli z.a til 

IU U5 lll ll5 lZ1 Ul U5 ta Ul Ul Ul l1l Ul Ul 1.11 I.ZI uz 1.44 1.511 I .a IJZ lA Ul z.zz z.a til 
I 

IU U5 Ul ll4 lll U5 IJZ Ul l47 U4 Ul l1Z IJ1 Ul I .a 1.11 I !I uz 1.a 1.54 ... 1.11 I .a ZJI !.15 tZI Z.4Z ZJii 

zu U4 Ul liZ ll7 Ul Ul U5 U! Ul Ul U4 1.n Ul Ul Ul I .a 1.11 Ill 1.11 ta 1.51 1.11 1.11 I .II ZJ4 Ul tZI !.41 !.Iii 

NOTE: The required modulus of elasticity, E, in 1,000,000 pounds per square inch (psi) ( x 0.00689 for N/mm2) is shown at the bottom of this table, is limited to 2.6 million psi 
( 17 914 N/mm2) and less, and is applicable to all lumber sizes shown. Spans are shown in feet-inches (I foot = 304.8 mm, I inch= 25.4 mm) and are limited to 26 feet (7925 
mml and less. 
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TABLE 23-1-V·R-9-RAFTERS WITH U180 DEFLECTION LIMITATION 
The allowable bending stress (Fb) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITERIA: 
Stren~th -Live load of 20 p~0.96 kNJm2) plus 
dead oad of 15 psi (0.72 kNI ) determines the required bending design value. 

Deflection - For 20 psi (0.96 kNfm2) live load. 
Limited to span in inches (mm) divided by 180. 

I 
A 
F 
T 
f I 

BENDING DESIGN VALUE, fj, (psi) I p 
A 

I c 
I I 
z • f c 

x 0.00689 for N/mm2 I'll I'll 
x!i4.., 

• !II • • • • 711 • • 1 • n• n• 1. 1. 1. 1. 1711 1. 1. -%1. ml ~ r• --f7ll ---IU 1-i 4-Z 4·11 i-ii i-ll u 1·11 1-1 1-1 I· I 1·4 I· I .. I .. 4 I· I .. II ... I ... I 11·11 11·1 1H 11-7 IHI 1!·1 1!·4 1!· 7 

z IU !·II 1-7 4-1 ... i-1 i-1 li·ll I· I 1·7 .. II 1-1 H HI ... 1·4 1·7 1·11 ... .. 4 I· 7 ... 1 .... ... I • .. li ... I .... 1 11·1 11·1 11-li 
I 
4 Ill !·I .. 1·11 ... ... li-1 li·li li·l I· I .. 4 1·7 I-ll H J.li H HI 1·1 1-4 I· I I· I 1·11 1-1 ... 1-7 .. I 1·11 11-1 ... I ... li 

!4.1 Z·li !·II l·li 1·11 4·! ... 4-11 li-1 li·li i-1 li-11 1-Z I-Ii 1-7 1·11 H 1-1 J.li H HI I· I I·! ... I-I I-I 1·11 I· I 1-1 ... 
1U i-4 1-7 J.7 I· I ... 11-1 11-1 11-li 1!·1 1!·7 11-1 11-1 14-1 14-1 li-Z IIi· I 11·1 11-7 1H 17-li IHI 11-1 11-7 .... 11-4 • .. I 

z 1U ... Ii-I 1·7 H 1·1 ... 1·4 .... ll·li 11·11 1H IHI 11-4 1!·1 11-1 11·7 11·11 14-4 14-1 IIi· I 15-li Ii-I 11-1 11-li 11-1 17·1 1H 1H Il-l 
I 
I Ill 4-1 li-Z I· I I· I H 7-11 I· I ... I· I ..II 11-li 11-11 1H 11-7 I!· I 11-4 1!·1 11-1 ll·li 11·1 14·1 14-i 14-1 Ii-I li-4 li-7 li-11 11·! IU 

zu 1·11 ... li-4 I· I 1·7 7·1 J.7 1·1 I· I I-ll ... .. I Il-l 11-li .... 11·1 1H 1H 1!·1 11-4 1!·7 1!·11 II-! 11-i 11-1 II-II 14-1 IH 14-1 

1U 7·1 I-I II· I II-! 1!·1 11-1 14-1 IIi· I 15·11 11-7 1H 11·1 Il-l 11-ii II· I II· I ZH !HI zz.c !!·II !1-1 !4-1 ZH !Ii-I !Ii-I Il-l 

z Ill 1-Z H I· I I· I II- 7 IH 1!·1 11·1 11·1 14-4 15-1 lli-7 11-1 Il-l IH 17-11 ll·li 11·11 I I-Ii 1 .. 11 11·4 Il-l ZH ZH !!·I !!·I !!·II 11·4 II· I 
I 
I Ill i-7 1·11 HI I-ll .. I 11-1 11-1 IHI 1!·1 11·1 11·1 14-1 14-11 15-4 li-11 11-4 11·1 11-1 1H 11·1 11·7 .... l .. i ... I II-! 11-7 !1-11 ZH II· I 

zu i-1 1-1 7·1 7-11 I· I ... .... 11· 7 11-! 11-1 lz.l 11-1 11·1 IH 14-1 14-7 IIi· I 15-li IIi· II 11·1 11·7 17-1 17-4 IH 11-1 II-i II· I II· I II-i 

IU ... 11·1 1!·1 14-1 Ii-I 11·11 11·1 11·! !I·! II·! !!·1 II· I 11-11 14-1 ZH 

z Ill HI 1-7 11·1 11-4 11-1 14-1 IIi· I 11· 7 1H 11-4 11-1 ••II Il-l Zl·li !!·I !!·II ll·li !4·1 !4-1 Zli-4 15·11 
I 
11 Ill H I-I 11·1 1H 11-4 11-4 14-1 IIi-! IIi· II 11-1 1H 11-1 11-11 ... 7 II·! 11-11 ZH !!·I !!·7 11·1 II· I ZH !4-1 !Ii-I !Ii-I 

!U H HI I· I 11·1 11·1 1H1 1!·1 IH 14·1 Ii-I 15-1 11-1 11·11 1H 11·1 11·7 11-1 ... I II-! II· I ZH ZH !!·I !1-7 II· I !I-Ii !1-11 !4-4 !11-1 

IU llli .. l14 lZI lZI u l41 l41 1.51 l.li l74 I.D u 1.11 1.14 114 ... 1.47 I .Iii 1.71 1.11 ... !.II uz ZJii t41 

Ill U4 .. liZ l17 lZI lZI Uli l41 l41 1.51 U4 l7! .. .. ... . .. 1.17 1.!7 1J7 1.41 Ul 111 Ul uz U4 til til t41 til 
I 

Ill U4 U7 l11 lll lZI lZI liZ Ul l44 Ul 1.51 Ul l7l Ul ... 1.11 1.11 1.11 llli l.li 1.45 Ui l.li 111i ... 1J1 til til !.11 

zu U4 U7 lll l14 lll lZI lZI U4 l41 l41 uz 1.51 Ul 1.11 lll lD ... 1.14 1.1! 1.!1 UJ Ul 1.41 U7 •• 111 I. I. til 

NOTE: The required modulus of elasticity, E. in I ,000,000 pounds per square inch (psi) ( x 0.00689 for N/mm2) is shown at the bottom of this table, is limited to 2.6 million psi 
(17 914 N/mm2) and less, and is applicable to all lumber sizes shown. Spans are shown in feet-inches (I foot= 304.8 mm, linch= 25.4 mm) and are limited to 26 feet (7925 
mm) and less. 
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TABLE 23-1-V-R-10--RAFTERS WITH U180 DEFLECTION LIMITATION 
The allowable bending stress (Fb) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITERIA: 
Stren~th - Live load of 30 ( 1.44 kNJm2) psi plus Deflection- For 30 psi (1.44 kNJm2) live load. 
dead oad of 15 psi (0.72 kNJm2) determines the required bending design value. Limited to span in inches (mm) divided by 180. 

I 
A 
F 
T 
I I 

BENDING DESIGN VALUE, fb (psi) I p 
A 

I c 
I I 
l I 
I I 

x 0.00689 for N/mm2 (tl) 00 
X !1.411r 

• ~ • • 511 • 711 • • 1. n• 1~ 1. 1. 1511 1. 1711 1. 1. -!1. n Dll r• --Ull Dll --IZJ ... ... 4-1 ... i-1 i-1 I· I 1-i I· I 7·1 7-1 7-1 I-I I-I I· I I-I I-I u I-I I-I Il-l Il-l 11-li Il-l II-II 11-1 

z IU Z-7 1-Z I-I 4-1 4-1 4-11 Ii-I Ii-I i-ll I-I I-Ii I-I 1-11 7-Z 7-i 7-7 7-11 I-I I-I I-Ii I-I I-ll I-I u I-Ii 1-7 I-I 1-11 Il-l 
I 
4 llZ Z-li Z-11 1-4 I-I 4-1 4-li 4-1 Ii-I li-4 li-7 li-11 I-I 1-4 I-I I-I 1-11 7-Z 7-4 7-1 7-1 7-11 I-I 1-1 I-Ii 1-7 I-I 1-11 I-I I-I 

zu z-z Z-7 I-I 1-4 I-I 4-1 4-1 4-1 4-1 i-1 Ii-I li-li Ii-I i-ll I-I I-I I-Ii 1-7 I-I 1-11 7-1 7-1 7-li 7-1 7-1 7-11 I-I I-I 1-1 

IZJ 4-1 li-11 I-I 7-1 1-Z I-ll I-I Il-l 11-7 11-1 11-7 IZ-1 IZ-1 Il-l 11-li II-II 14-Z 14-7 Ii-I 15-4 IIi- I Il-l 11-li Il-l 17-1 17-li 

z IU 4-1 Ii-I li-11 I-I 7-1 7·1 1-Z I-I 1-Z 1-7 Il-l 11-li 11-11 Il-l 11-7 11-11 IZ-4 IZ-1 Il-l Il-l 11-7 11-11 14-Z 14-1 14-1 Ii-I lli-4 li-7 lli-11 
I 
I llZ I-I 4-7 li-4 li-11 I-I 7-1 7-1 7-11 1-4 I-I 1-Z I-I 1-11 Il-l 11-7 11-11 11-1 Il-l 11-11 IZ·Z IZ-5 IZ-1 Il-l Il-l Il-l Il-l 14-1 14-1 14-1 

zu 1-4 4-1 4-1 li-4 i-ll I-I I-I 7-1 7-1 7-11 1-Z I-I I-ll 1-Z I-I I-I Il-l 11-4 11-7 11-11 11-1 11-4 11-7 11-11 IZ-1 12-4 IZ-1 IZ-1 Il-l 

IZJ I-I 7-1 I-ll I-ll II-II 11-1 IZ-1 Il-l 11-11 14-1 Ii-I li-11 Il-l 17-1 17-1 11-Z Il-l Il-l Il-l Zl-1 Zl-1 ZI-Z Zl-7 ZZ-1 ZZ-1 ZZ-11 

z IU i-Ii 1-7 7-1 1-7 1-4 Il-l II-II 11-1 IZ-1 IZ-1 Il-l Il-l 14-4 14-11 IIi· I lli-1 Il-l Il-l 17-1 17-1 17-11 11-4 Il-l Il-l Il-l II-II Zl-1 Zl-7 Zl-11 
I 
I llZ 4-11 I-I 7-1 7-11 1-7 I-I I-ll Il-l 11-1 11-7 IZ-1 IZ-7 Il-l Il-l 11-11 14-li 14-11 lli-Z lli-7 Il-l 11-4 Il-l 17-1 17-li 17-1 Il-l 11-li Il-l Il-l 

zu 4-li i-Ii I-I 7-1 7-1 I-I I-ll 1-4 I-ll 11-4 11-11 Il-l 11-1 IZ-1 IZ-1 12-11 Il-l 11-7 11-11 14-4 14-1 lli-1 lli-1 lli-7 lli-11 Il-l Il-l 11-11 17-1 

IZJ I-I I-I 11-1 IZ-7 Il-l 14-11 lli-11 11-11 17-11 Il-l Il-l Zl-4 Zl-1 Zl-11 ZZ-1 Zl-1 Zl-11 24-1 Zli-Z Zli-11 

z IU 1-11 I-Ii I-I 11-11 11-11 IZ-11 Il-l 14-1 lli-5 11-Z 11-11 17-7 Il-l 11-11 Il-l Zl-1 Zl-1 Zl-1 Zl-11 ZZ-4 ZZ-11 Zl-5 Zl-11 Z4-i 24-11 Zli-4 Zi-11 
I 
II llZ 1-4 7-1 1-11 1-11 11-11 11-1 IZ-7 11-4 14-1 14-1 lli-li Il-l Il-l 17-1 17-11 11-4 11-11 11-li 11-11 Zl-5 Zl-11 Zl-4 Zl-11 ZZ-1 ZZ-1 Zl-1 Zl-7 M-1 M-li 

zu Ii-I I-ll I-I 1-11 I-I Il-l Il-l 11-11 IZ-7 11-Z Il-l 14-4 14-11 Ii-i lli-11 11-li 11-11 17-4 17-11 Il-l Il-l Il-l Il-l 11-11 Zl-4 Zl-1 Zl-1 Zl-li Zl-11 

IZJ Uli Ul llli lZI lZ7 U4 l41 ta 1.51 w l7l Ul Ul I. 1.17 Ill IJI Ul I .a 1.71 I. ZJ1 tlli Ul t4Z Ul 

Ill U4 Ul lll lll Ill lZI Ul lU 1.51 1.51 Ul l74 Ul uz 1.11 1.11 IZI IJI 1.41 uz I .a 114 I. I. til tzz ZJ4 Ul ZJI 
I 

llZ U4 Ul liZ lll IZI lZ1 Ul Ul ta llil Ul l.a l7l U4 liZ Ul 1.11 Ill Ill 1 .. 1.41 I .Iii 1.71 I. IJI ZJI t14 Uli tJ1 

zu U4 w lll l14 lll I.Z4 lZI Uli l41 l41 lli4 IJI lll l7li ta Ul Ul 1.11 1.15 U4 Ill 1.42 I .liZ IJI 111 IJI IJI ZJZ tiZ 

NOTE: The required modulus of elasticity, £, in I ,000,000 pounds per square inch (psi) ( x 0.00689 for N/mm2) is shown at the bottom of this table, is limited to 2.6 million psi 
(17 914 N/mm2) and less, and is applicable to all lumber sizes shown. Spans are shown in feet-inches (I foot= 304.8 mm, I inch= 25.4 mm) and are limited to 26 feet (7925 
mm) and less. 
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TABLE 23-1-V-R-11-RAFTERS WITH U180 DEFLECTION LIMITATION 
The allowable bending stress (Fb) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITERIA: 
Stren~th- Live load of 20 psf ~0.96 kNfm2) plus Deflection- For 20 psf (0.96 kNfm2) live load. 
dead oad of 20 psf (0.96 kN/m ) determines the required bending design value. Limited to span in inches (mm) divided by 180. 

I 
A 
F 
1 
E I BENDING DESIGN VALUE, fj, (psi) I p 

A 
I c 
I I 
z • E I 

x 0.00689 for Nlmm2 ~) ~ 

xZUIIP 
!II • • • • • 711 • • 1. u• 1!11 1. 1 • 1. 1. 1711 1. 1. !. !1. !HI -!. --!711 ---ltl H 1·11 4·1 i·l li·l I-I l·i I· I H 7-1 7-11 1-! 1-i I· I I· I 1·4 I· 7 1-11 11-1 11-4 11·7 11·11 11·1 1H 11-1 II· I 11-11 1%-Z 1!-4 

! 1U !-1 u 1·11 4-4 4-11 li-! li·l li-11 1-! I-I ... 7·1 H 7· 7 7-11 1·1 1·4 I· I I· I I· I l·f I-Ii 1-7 I-I 11-1 11-! 11-4 11-1 11-1 
I 
4 1U H 1·1 1-7 4-1 4-4 4-1 li·1 li-4 Ii-I li-11 1-! I-Ii I-I 1·11 H 7-4 7·7 7-1 I· I l·f 1-1 1-7 I-I 1-11 1-1 1-1 I-Ii 1-7 I-I 

!U H !·I n 1·7 1-11 4-1 4-1 4-11 li·1 li-4 Ii-I Ii-I I-I 1-! I-Ii 1·7 I· I 7·1 H 7·4 7·1 7-1 7-11 I· I u 1-4 l·li 1·7 I· I 

12.1 Ii-I 1-! 7·1 7-11 I· I I-Ii 11·1 II· I 11-1 II· I 1!-4 1!·11 11-1 11·1 14-! 14·1 11i·1 11i-l 11i·ll 11·1 11·1 17-1 17-li 17-1 11-1 11-i 11-1 11·1 11-li 

! 1U 4-4 li-4 1-! 1-11 7-1 1-! I· I I-I I· I 11-! 11-1 11·1 II· I 11·11 1!-4 1!-1 11·1 11-i 11-1 14·1 14-li 14-1 11i-1 11-4 11i-l 11-1 11·1 11·7 11·11 
I 
I 1U 4·1 4-11 i·7 I· I 1-11 H 7-11 l·li 1-11 1-4 I-I 11-1 11-1 11-11 11-1 11-7 11-11 1!·1 1!·7 1!·11 11-! 11-1 11-1 14-1 14-4 14-7 14-11 1i·1 11-4 

!U 1-7 4-4 i·l li-7 l·f ... 7·1 7-1 7-11 1·4 I· I 1-1 I-Ii ... 11-1 11-4 11·1 11·11 11-1 IH 11·1 1!·1 1!-4 1!-7 1!·11 11-1 11-1 11·1 11·1 

12.1 1-7 1-1 1·4 11·1 11-1 1!-i 11·1 14-1 14·11 11i-l 11-1 11-11 17-1 11-1 11·1 11·4 11·11 !I-Ii !1·11 n-li n-11 tt·li tt·ll D·li !1-11 !4-4 M·l !U !I-I 

! 1U ... 7-1 1·1 1-1 1-11 11-1 11·1 1%-Z 1!·11 11-i 14-1 14-7 11i-f 11i-l 11-1 11·1 1H 17-1 11·1 11·7 11-1 11-i 11·11 !I-I !I-I n-1 n-i n-11 tt·! 
I 
I 1U Ii-I I-Ii H I· I 1-1 ... 11·1 11·1 11-1 1!·1 1!·11 11-4 11-11 14-4 14-11 11i·l 11i·l 11-! 11-7 11-11 17-4 17-1 11-1 11-1 11-11 11-1 11-7 11-11 !I-I 

MJ 4-1 i-1 1·7 7·1i 1·1 I-I 1·4 I-ll 11·1 11-1 11-1 11-11 U·i 1!·11 11·1 11·1 14-1 14-li 14·11 11-f 1i·l 11i·11 11-1 11-7 11-11 1H 17-1 17-11 11-1 

12.1 I-Ii 11-4 11-11 11-4 14-1 1i·11 11-11 17-11 11·11 11·11 !I-I !H tt·4 !1-1 D·ll M·7 fli-4 !I-I 

! 1U 7-4 1·11 11-4 11-7 1!·1 11-1 14·1 11i-1 11·4 1H 17·11 11-1 11-4 Il-l !I· I n-4 n-11 tt·l !1·1 D·l M·l M·11 fli-4 !1-11 
I 
11 1U I-I u l·li 11·7 11-7 1H 11-4 14-! 14·11 11i-l 11-4 17-1 17·1 11-1 11-11 11·1 !I· I !1-7 !1·1 n-1 tt·! tt·l !1-1 !1-7 !4·1 M·l !Ii-I !Ii-i !1-11 

!U I-I 7-4 l·li l·li 11-4 1H 11·11 1!-1 11-4 14-1 14·1 1H 11i-11 11-4 11-11 17-li 17-11 11-i 11·11 11·4 11·11 !I-I !I-I !1·1 n-1 n-11 tt·4 tt·l !1·1 

12.1 U4 Ul llf lll Ill U7 Ul ... L41 Llil Ul Ul L7l U4 Lll 1.1! 1.11 Ul Ul 1.41 Ul 1. 111 1.1! 1.11 tl4 Ui w ~ 

1U U4 w lll l14 lll Ul Ul U4 L41 L41 w Llil Ul L7l ... Ul Ul 1.11 1.11 111 Ul 1 .. 1.41 U7 1J7 1.71 1. 1. tf1 
f 

1U Ul Ul Ul lll l17 Ill Ul U1 ... LQ 1.41 Lli4 Ul w L71 Ul ... Uli 1.11 1.11 1.11 117 Uli 1.44 1.1! IJ1 1.71 1.71 1 .. 

!U Ul Uli Ul l11 llli 1.11 Ul Ul q U7 LU L41 U4 Ul Ul Ln L7l Uli u ... 1 • 1.11 111 1ll 1. 1.44 1.1! 1. 1. 

NOTE: The required modulus of elasticity. E, in 1,000,000 pounds per square inch (psi) ( x 0.00689 for N/mm2) is shown at the bottom of this table, is limited to 2.6 million psi 
( 17 914 N/mm2) and less, and is applicable to all lumber sizes shown. Spans are shown in feet-inches (I foot= 304.8 mm, I inch= 25.4 mm) and are limited to 26 feet (7925 
mm) and less. 
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TABLE 23-1-V-R-12-RAFTERS WITH U180 DEFLECTION LIMITATION 
The allowable bending stress (Fb) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITERIA: 
Strength - Live load of 30 psi~ 1.44 kNfm2) plus 
dead load of 20 psi (0.96 kN/m ) determines the required bending design value. 

Deflection- For 30 psi (1.44 kNfm2) live load. 
Limited to span in inches (mm) divided by 180. 

I 
A 
f 
T 
E I 

BENDING DESIGN VALUE. fb (psi) I p 
A 

I c 
I I 
l I 
E c 

x 0.00689 for Nlmm2 I'll (l) 

x2UIII' 
!II • • • • • 111 • • 1. n• 1!11 1. 1. 1. 1 • 1711 1 • 1. -n• ml -!. --2111 ---12.1 Z-11 1-1 4-1 4-1 4-11 i-4 Ii-I 1-1 I-Ii I-I 7·1 7-1 1-1 1-11 1-1 1-4 1·7 1-11 I-I I· I I-I I-I 1-11 11-1 11-4 11-1 11-1 11-11 11-1 

z 1U 2-1 I-I I-I 1-11 4-1 4-1 4-11 Ii-I Ii-I li-11 1-1 1-4 1-7 I-I 7-1 7·1 1-li 7-1 1-11 I-I 1-Z I-Ii 1-7 I-I 1-11 1-1 I-I I-Ii 1·7 
I 
4 1U Z-1 Z-1 1-Z 1·7 1-11 4-1 4-1 4-11 li-1 li-4 Ii-I Ii-I I-I 1-Z l·li 1·7 I-I 7-1 7-Z 7-4 1-1 7-1 1-11 I-I 1-Z 1-4 I-Ii 1·7 I-I 

zu Z·l Z-1 Z-11 1-Z I· I I-I 4·1 4-1 4-1 4-1 4-11 li-Z li-4 Ii-I Ii-I li-11 1·1 I-I I-Ii 1-7 I-I 1-11 7-1 1-Z 7-1 1-li 1-1 7-1 1-11 

12.1 4-1 Ii-I 1-4 7-1 7-1 I-Ii I-I I-I 11-1 11-1 11-1 11-li 11-11 IZ-4 IZ·I 11-1 11-1 11·11 14·Z 14-7 14-11 lli-1 lli-7 lli-11 11-Z 11-1 11-11 17·1 11-li 

z IU 1-11 4-1 Ii-I 1-Z I-I 7-1 7·1 I-I I-I 1-1 I-I 1-11 11-1 11-1 11·1 11-4 11-1 IZ·I IZ-4 1Z·7 IZ-11 11-Z 11-1 11-1 14-1 14-1 14·7 14-11 lli-1 
I 
I IU 1-7 4-4 Ii-I li-7 1-Z I-I 7-1 7-1 7-11 1-4 I-I 1-1 I-Ii I-I 11-1 11-4 11·1 11-11 11-1 11·1 11-1 IZ·I IZ-4 IZ-7 IZ-11 11-1 11-1 11-1 11-1 

zu 1-Z 1-11 4·1 Ii-I Ii-I li-11 1·4 I-I 7-1 1-i 7-1 1-1 I-Ii I-I I· I I-I I-I I-I 11-1 11-1 11·1 11-1 11-1 11-1 11-ii 11-1 11-11 IZ-1 IZ-4 

12.1 li-11 7-1 1-4 1-4 11-1 11-1 11-11 IZ-7 11-1 11·11 14-1 lli-1 IIi- I 11-1 11-1 17-1 11-1 11-1 11-1 II·Z 11-1 Zl-1 Zl-1 Zl-11 Zl-4 Zl-1 zz-z ZZ-1 ZZ-11 

z IU li-Z I-I 7-1 1-1 1-11 1-7 11-1 11-11 11-1 1Z-I IZ-7 11-1 11·7 14-1 14-1 14·11 lli-li lli-11 11-1 11-7 11-1 11-li 11-1 11-1 11-1 11-11 11-Z 11-1 11-11 
I 
I IU 4·1 Ii-I 1-7 1-li 1·1 I-I 1-4 1-11 11-1 11·1 11-1 11-11 IZ·Ii 12-11 11-1 11-1 14-1 14·1i 14-11 lli-Z lli-1 lli-11 11-1 11-7 11-11 17-Z 17-1 11-11 11-1 

zu 4-Z li-Z li-11 1-7 7-1 1-11 1-4 1-11 1-4 1-11 11-1 11-1 11-1 11-1 11-11 1Z·Z lZ-7 IZ-11 11-1 11-7 11-11 14-Z 14-1 14-11 lli-1 11i-li IIi- I 11i-11 11-1 

12.1 1-1 I-I 11-1 11-11 11-1 14-Z lli-1 11-1 11-11 11-1 11-1 11-1 Zl-1 Zl-1 Zl-4 ZZ-1 ZZ-1 Zl-1 Zl-11 M-1 Zli-1 Zli-7 
z 1U I-I I-I I-I 11-4 11-4 IZ-1 11-1 11-11 14-1 11i-4 11-1 11-1 11-4 11-11 11-1 11-1 11-7 ZI-Z Zl-1 ZI·Z Zl-1 zz-z ZZ-1 Zl-1 Zl-7 M-1 M-1 24-11 Zli-4 
I 
11 1U I-I 1-4 I-Ii I-Ii 11-4 11-Z 11-11 lZ-1 11-4 14-1 14-1 lli-1 lli-11 11-4 11-11 11-li 11-11 11-li 11-11 11-4 11-11 Zl-1 Zl-1 Zl-1 Zl-1 Zl-11 ZZ-4 ZZ-1 Zl-1 

zu li-4 I-I 1-1 I-Ii I-I 11-1 11-1 11-4 11-11 IZ-1 11-1 11-7 14-Z 14-1 lli-1 11i-7 11-1 11-1 11-11 11-4 11-1 11-1 11-1 11-11 11-1 11-7 Zl-1 Zl-4 Zl-1 

12.1 U4 Ul liZ ll7 Ul Ul Ui l4Z l41 lli1 Uli 1.11 uz U1 Ill 1JI 1.11 Ul 1.11 I .Iii 1J1 1.1Z Ill 1Jii 2.11 2.11 Ul ta tlil 

1U U4 U1 l11 l11i Ul lZii Ul l. lG l41 l.lil Ul l11 l1l Ul llli Ill 1.1Z 1!1 I .a 1.11 1.41 I .Iii 1.a 1.11 1.11 til Ul tzz 
I 

IU Ul Ul lll ll4 lll Ul Ul Ul Ill l41i Ul Ul Uli l1Z lll Ul U4 1.1Z 1.11 1.11 1.Z1 1.a 1.41i 1.1i4 Ill 1.11 Ill uz 2.11 

zu Ul Ul Ul liZ lll Ul lZii Ul Ui l41 1.41 w Ul ll4 Ln Ln U4 IJI lll 1JI 1.14 1.ZZ Ill Ill 1.41 l.lili Ill 1.1Z 1J1 

NOTE: The required modulus of elasticity, E, in 1,000,000 pounds per square inch (psi) ( x 0.00689 for N/mm2) is shown at the bottom of this table, is limited to 2.6 million psi 
(17 914 N/mm2) and less, and is applicable to all lumber sizes shown. Spans are shown in feet-inches (I foot= 304.8 mm, I inch= 25.4 mm) and are limited to 26 feet (7925 
mm) and less. 
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TABLE 23-1-W-BRACED WALL PANELS1 

CONSTRUCTION METH0[)2,3 

SEISMIC ZONE CONDmON 1 2 3 4 5 6 7 

0, I and 2A One story, top of two or X X X X X X X 
three story 

First story of two story or X X X X X X X 
second story of three 
story 

First story of three story X X X xs X X 
2B. 3 and 4 One story, top of two or X X X X X X 

three story 

First story of two story or X X X xs X X 
second of three story 

First story of three story X X X xs X X 

--

1This table specifies minimum requirements for braced panels which form interior or exterior braced wall lines. 
2See Section 2326.11.3 for full description. 
3See Section 2326.11.4 for alternate braced panel requirement. 
4Building length is the dimension parallel to the braced wall length. 
5Gypsum wallboard applied to supports at 16 inches ( 406 mm) on center. 
6The required lengths shall be doubled for gypsum board applied to only one face of a braced wall panel. 

8 

X 

X 

X 

X 

X 

X 

BRACED PANEL LOCATION AND 
LENGTH4 

Each end and not more than 25 
feet (7620 mm) on center 

Each end and not more than 25 
feet (7620 mm) on center 

Each end and not more than 25 
feet (7620 mm) on center but not 
less than 25% of building length6 

Each end and not more than 25 
feet (7620 mm) on center but not 

__ _l_ess than 40% of building length6 
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23-1-X-1 1994 UNIFORM BUILDING CODE 

TABLE 23-1-X-1-VALUES FOR JOISTS AND RAFTERs-VISUALLY GRADED LUMBER 
For Use in Tables 23-1-V-J-1 through 23-1-V-R-12 and Chapter 23, Division V only. 

These "F1/' values are for use where repetitive members are spaced not more than 24 inches (610 
mm). For Wider spacing, the "Fb" values shall be reduced 13 percent. 

Values for surfaced dry or surfaced green lumber apply at 19 percent maximum moisture content in 
use. 

DESIGN VALUE IN BENDING "lb" psi 
MODULUS OF 

SIZE Normal Snow 7·day ELASTICITY "E" 
(Inches) Duration Loading Loading psi GRADING 

x 25.41ormm x 0.006891or N/mm2 RULES 
SPECIES AND GRADE AGENCY 

ASPEN 
Select Structural 1,510 1,735 1,885 1,100,000 

No. I 1,080 1,240 1,350 1,100,000 

No.2 1,035 1,190 1,295 1,000,000 

No.3 605 695 755 900,000 

Stud 
2x4 

600 690 750 900,000 

Construction 805 925 1,005 900,000 

Standard 430 495 540 900,000 

Utility 200 230 250 800,000 

Select Slructural 1,310 1,505 1,635 1,100,000 

No. I 935 1,075 1,170 1,100,000 

No.2 2x6 895 1,030 1,120 1,000,000 
No.3 525 600 655 900,000 NELMA 
Stud 545 630 685 900,000 NSLB 
Select Structural 1,210 1,390 1,510 1,100,000 WWPA 

No. I 865 990 1,080 1,100,000 

No.2 
2x8 

830 950 1,035 1,000,000 

No.3 485 555 605 900,000 

Select Structural 1,105 1,275 1,385 1,100,000 

No. I 790 910 990 1,100,000 

No.2 
2x10 

760 875 950 1,000,000 

No.3 445 510 555 900,000 

Select Structural 1,005 1,155 1,260 1,100,000 

No. I 720 825 900 1,100,000 

No.2 
2x12 

690 795 865 1,000,000 

No.3 405 465 505 900,000 

BEECH-BIRCH-HICKORY 
Select Structural 2,500 2,875 3,125 1,700,000 

No. I 1,810 2,085 2,265 1,600,000 

No.2 1,725 1,985 2,155 1,500,000 

No.3 2x4 990 1,140 1,240 1,300,000 

Stud 980 1,125 1,225 1,300,000 

Construction 1,325 1,520 1,655 1,400,000 

Standard 750 860 935 1,300,000 NELMA 
Utility 345 395 430 1,200,000 

Select Structural 2,170 2,495 2,710 1,700,000 

No. I 1,570 1,805 1,960 1,600,000 

No.2 2x6 1,495 1,720 1,870 1,500,000 

No.3 860 990 1,075 1,300,000 

Stud 890 1,025 1,115 1,300,000 

(Continued) 
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1994 UNIFORM BUILDING CODE 23-1-X-1 

TABLE 23-1-X-1-VALUES FOR JOISTS AND RAFTER5-VISUALLY GRADED 
LUMBER-(Continued) 

DESIGN VALUE IN BENDING "lb" psi 
MODULUS OF 

SIZE Normal Snow 7-day ELASTICITY "E'' 
(Inches) Duration Loading Loading psi GRADING 

x 25.4for mm x 0.00689 for Nlmm2 
RULES 

SPECIES AND GRADE AGENCY 

BEECH-BIRCH-HICKORY -(continued) 
Select Structural 2,000 2,300 2,500 1,700,000 
No. I 1,450 1,665 1,810 1,600,000 
No.2 

2x8 
1,380 1,585 1,725 1,500,000 

No.3 795 915 990 1,300,000 

Select Structural 1,835 2,110 2,295 1,700,000 
No. l 1,330 1,525 1,660 1,600,000 
No.2 

2xl0 
1,265 1,455 1,580 1,500,000 

NELMA 

No.3 725 835 910 1,300,000 

Select Structural 1,670 1,920 2,085 1,700,000 
No. l 1,210 1,390 1,510 1,600,000 
No.2 

2xl2 
I,150 1,325 1,440 1,500,000 

No.3 660 760 825 1,300,000 

COTTONWOOD 
Select Structural 1,510 1,735 1,885 1,200,000 
No. l 1,080 1,240 1,350 1,200,000 
No.2 1,080 1,240 1,350 1,100,000 
No.3 605 695 755 1,000,000 
Stud 

2x4 
600 690 750 1,000,000 

Construction 805 925 1,005 1,000,000 
Standard 460 530 575 900,000 
Utility 200 230 250 900,000 
Select Structural 1,310 1,505 1,635 1,200,000 
No. I 935 1,075 1,170 1,200,000 
No.2 2x6 935 1,075 1,170 1,100,000 
No.3 525 600 655 1,000,000 
Stud 545 630 685 1,000,000 NSLB 
Select Structural 1,210 1,390 1,510 1,200,000 
No. I 865 990 1,080 1,200,000 
No.2 2x8 

865 990 1,080 1,100,000 
No.3 485 555 605 1,000,000 

Select Structural 1,105 1,275 1,385 1,200,000 
No.I 790 910 990 1,200,000 
No.2 2xl0 

790 910 990 1,100,000 
No.3 445 510 555 1,000,000 

Select Structural 1,005 1,155 1,260 1,200,000 
No.I 720 825 900 1,200,000 
No.2 

2xl2 
720 825 900 1,100,000 

No.3 405 465 505 1,000,000 

2-935 



23-1-X-1 1994 UNIFORM BUILDING CODE 

TABLE 23-1-X-1-VALUES FOR JOISTS AND RAFTER5-VISUALLY GRADED 
LUMBER-(Continued) 

DESIGN VALUE IN BENDING "Fj," psi J 
MODULUS OF 

SIZE Normal Snow 7-day ELASTICITY "E'' 
(Inches) Duration Loading Loading psi GRADING 

x 25.4formm x 0.00689 for Nlmm2 RULES 
SPECIES AND GRADE AGENCY 

DOUGLAS FIR-LARCH 
Select Structural 2,500 2,875 3,125 1,900,000 
No. I and better 1,985 2,280 2,480 1,800,000 
No. I 1,725 1,985 2,155 1,700,000 
No.2 1,510 1,735 1,885 1,600,000 
No.3 2x4 865 990 1,080 1,400,000 
Stud 855 980 1,065 1,400,000 
Construction 1.150 1,325 1,440 1,500,000 
Standard 635 725 790 1,400,000 
Utility 315 365 395 1,300,000 
Select Structural 2,170 2,495 2,710 1,900,000 
No. I and better 1,720 1,975 2,150 1,800,000 
No. I 1,495 1,720 1,870 1,700,000 
No.2 

2x6 
1,310 1,505 1,635 1,600,000 

No.3 750 860 935 1,400,000 
Stud 775 895 970 1,400,000 WCLIB 
Select Structural 2,000 2,300 2,500 1,900,000 WWPA 
No. I and better 1,585 1,825 1,985 1,800,000 
No. I 2x8 1,380 1,585 1,725 1,700,000 
No.2 1,210 1,390 1,510 1,600,000 
No.3 690 795 865 1,400,000 
Select Structural 1,835 2,110 2,295 1,900,000 
No. I and better 1,455 1,675 1,820 1,800,000 
No. I 2xl0 1,265 1,455 1,580 1,700,000 
No.2 1,105 1,275 1,385 1,600,000 
No.3 635 725 790 1,400,000 
Select Structural 1,670 1,920 2,085 1,900,000 
No. I and better 1,325 1,520 1,655 1,800,000 
No. I 2xl2 1,150 1,325 1,440 1,700,000 
No.2 1,005 1,155 1,260 1,600,000 
No.3 575 660 720 1,400,000 

DOUGLAS FIR-LARCH (North) 
Select Structural 2,245 2,580 2,805 1,900,000 
No.1/No.2 1,425 1,635 1,780 1,600,000 
No.3 820 940 1,025 1,400,000 
Stud 2x4 820 945 1,030 1,400,000 
Construction 1.095 1,255 1,365 1,500,000 
Standard 605 695 755 1,400,000 NLGA 
Utility 290 330 360 1,300,000 
Select Structural 1.945 2,235 2,430 1,900,000 
No.1/No.2 1,235 1,420 1,540 1,600,000 
No.3 

2x6 
710 815 890 1,400,000 

Stud 750 860 935 1,400,000 

(Continued) 
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1994 UNIFORM BUILDING CODE 

TABLE 23-1-X-1-VALUES FOR JOISTS AND RAFTER8-VISUALLY GRADED 
LUMBER-(Continued) 

DESIGN VALUE IN BENDING "11," psi 
MODULUS OF 

SIZE Normal Snow 7-day 

23-1-X-1 

(Inches) Duration Loading Loading 
ELASTICITY "E'' 

psi GRADING 

x 25.4for mm x 0.00689 for Nlmm2 
RULES 

SPECIES AND GRADE AGENCY 

DOUGLAS FIR-LARCH (NorthHcontinued) 
Select Structural 1,795 2,065 2,245 1,900,000 
No. I !No.2 2x8 1,140 1,310 1,425 1,600,000 
No.3 655 755 820 1,400,000 

Select Structural 1,645 1,890 2,055 1,900,000 
No.1/No.2 2x10 1,045 1,200 1,305 1,600,000 NLGA 
No.3 600 690 750 1,400,000 

Select Structural 1,495 1,720 1,870 1,900,000 
No.1/No.2 2xl2 950 1,090 1,185 1,600,000 
No.3 545 630 685 1,400,000 

DOUGLAS FIR (South) 
Select Structural 2,245 2,580 2,805 1,400,000 
No. I 1,555 1,785 1,940 1,300,000 
No.2 1,425 1,635 1,780 1,200,000 
No.3 820 940 1,025 1,100,000 
Stud 

2x4 
820 945 1,030 1,100,000 

Construction 1,065 1,225 1,330 1,200,000 
Standard 605 695 755 1,100,000 
Utility 290 330 360 1,000,000 

Select Structural 1,945 2,235 2,430 1,400,000 
No. I 1,345 1,545 1,680 1,300,000 
No.2 2x6 1,235 1,420 1,540 1,200,000 
No.3 710 815 890 1,100,000 

Stud 750 860 935 1,100,000 WWPA 
Select Structural 1,795 2,065 2,245 1,400,000 
No. I 1,240 1,430 1,555 1,300,000 
No.2 

2x8 
1,140 1,310 1,425 1,200,000 

No.3 655 755 820 1,100,000 

Select Structural 1,645 1,890 2,055 1,400,000 
No. I 1,140 1,310 1,425 1,300,000 
No.2 

2x10 
1,045 1,200 1,305 1,200,000 

No.3 600 690 750 1,100,000 

Select Structural 1,495 1,720 1,870 1,400,000 
No. I 1,035 1,190 1,295 1,300,000 

No.2 
2x12 

950 1,090 1,185 1,200,000 

No.3 545 630 685 1,100,000 

2-937 



23·1-X-1 1994 UNIFORM BUILDING CODE 

TABLE 23·1-X-1-VALUES FOR JOISTS AND RAFTERs-VISUALLY GRADED 
LUMBER-(Continued) 

DESIGN VALUE IN BENDING "fb" psi I 
MODULUS OF 

SIZE Normal Snow 7-day ELASTICITY "E" 
(Inches) Duration Loading Loading psi GRADING 

x 25.41ormm x 0.006891or Nlmm2 RULES 
SPECIES AND GRADE AGENCY 

EASTERN HEMLOCK-TAMARACK 
Select Structural 2.155 2,480 2,695 1,200,000 
No.I 1,335 1,535 1,670 1,100,000 
No.2 990 1,140 1,240 1,100,000 
No.3 605 695 755 900,000 
Stud 

2x4 
570 655 710 900,000 

Construction 775 895 970 1,000,000 
Standard 430 495 540 900,000 
Utility 200 230 250 800,000 

Select Structural 1,870 2,150 2,335 1,200,000 
No.I 1,160 1,330 1,450 1,100,000 
No.2 2x6 860 990 1,075 1,100,000 
No.3 525 600 655 900,000 
Stud 520 595 645 900,000 NELMA 

NSLB 
Select Structural 1,725 1,985 2,155 1,200,000 
No.I 1,070 1,230 1,335 1,100,000 
No.2 

2x8 
795 915 990 1,100,000 

No.3 485 555 605 900,000 

Select Structural 1,580 1,820 1,975 1,200,000 
No. I 980 1,125 1,225 1,100,000 
No.2 

2xl0 
725 835 910 1,100,000 

No.3 445 510 555 900,000 

Select Structural 1,440 1,655 1,795 1,200,000 
No. I 890 1,025 1,115 1,100,000 
No.2 

2xl2 
660 760 825 1,100,000 

No.3 405 465 505 900,000 

EASTERN SOFTWOODS 
Select Structural 2,155 2,480 2,695 1,200,000 
No. I 1,335 1,535 1,670 1,100,000 
No.2 990 1,140 1,240 1,100,000 
No.3 605 695 755 900,000 
Stud 

2x4 
570 655 710 900,000 

Construction 775 895 970 1,000,000 
Standard 430 495 540 900,000 NELMA 

NSLB 
Utility 200 230 250 800,000 

Select Structural 1,870 2,150 2,335 1,200,000 
No. I 1,160 1,330 1,450 1,100,000 
No.2 2x6 860 990 1,075 1,100,000 

No.3 525 600 655 900,000 
Stud 520 595 645 900,000 

(Continued) 
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1994 UNIFORM BUILDING CODE 23-1-X-1 

TABLE 23-1-X-1-VALUES FOR JOISTS AND RAFTERs-VISUALLY GRADED 
LUMBER-(Continued) 

DESIGN VALUE IN BENDING"#})' psi I MODULUS OF 

SIZE Normal Snow 7·day ELASTICITY "E'' 
(Inches) Duration Loading Loading psi GRADING 

x 25.4for mm x 0.00689 for Ntmm2 
RULES 

SPECIES AND GRADE AGENCY 

EASTERN SOFfWOODS-{continued) 
Select Structural 1,725 1,985 2,155 1,200,000 
No. I 1,070 1,230 1,335 1,100,000 
No.2 

2x8 
795 915 990 1,100,000 

No.3 485 555 605 900,000 

Select Structural 1,580 1,820 1,975 1,200,000 
No. I 980 1,125 1,225 1,100,000 NELMA 
No.2 

2x10 
725 835 910 1,100,000 NSLB 

No.3 445 510 555 900,000 

Select Structural 1,440 1,655 1,795 1,200,000 
No. I 890 1,025 1,115 1,100,000 
No.2 

2xl2 
660 760 825 1,100,000 

No.3 405 465 505 900,000 

EASTERN WHITE PINE 
Select Structural 2,155 2,480 2,695 1,200,000 
No.I 1,335 1,535 1,670 1,100,000 
No.2 990 1,140 1,240 1,100,000 
No.3 605 695 755 900,000 
Stud 

2x4 
570 655 710 900,000 

Construction 775 895 970 1,000,000 
Standard 430 495 540 900,000 
Utility 200 230 250 800,000 

Select Structural 1,870 2,150 2,335 1,200,000 
No.I 1,160 1,330 1,450 1,100,000 
No.2 2x6 860 990 1,075 1,100,000 
No.3 525 600 655 900,000 
Stud 520 595 645 900,000 NELMA 

NSLB 
Select Structural 1,725 1,985 2,155 1,200,000 
No.I 1,070 1,230 1,335 1,100,000 
No.2 

2x8 
795 915 990 1,100,000 

No.3 485 555 605 900,000 

Select Structural 1,580 1,820 1,975 1,200,000 
No.I 980 1,125 1,225 1,100,000 
No.2 

2xl0 
725 835 910 1,100,000 

No.3 445 510 555 900,000 

Select Structural 1,440 1,655 1,795 1,200,000 
No. I 890 1,025 1,115 1,100,000 
No.2 

2x12 
660 760 825 1,100,000 

No.3 405 465 505 900,000 

2-939 



23-1-X-1 1994 UNIFORM BUILDING CODE 

TABLE 23-1-X-1-VALUES FOR JOISTS AND RAFTER5-VISUALLY GRADED 
LUMBER-(Continued) 

DESIGN VALUE IN BENDING "/i," psi I 
MODULUS OF 

SIZE Normal Snow 7-day ELASTICITY "E'' 
(Inches) Duration Loading Loading psi GRADING 

x 25.4formm x 0.00689 for N/mm2 
RULES 

SPECIES AND GRADE AGENCY 

HEM-FIR 
Select Structural 2,415 2,775 3,020 1,600,000 
No. I and better 1,810 2,085 2,265 1,500,000 
No. I 1,640 1,885 2,050 1,500,000 
No.2 1,465 1,685 1,835 1,300,000 
No.3 2x4 865 990 1,080 1,200,000 
Stud 855 980 1,065 1,200,000 
Construction 1,120 1,290 1,400 1,300,000 
Standard 635 725 790 1,200,000 
Utility 290 330 360 1,100,000 

Select Structural 2,095 2,405 2,615 1,600,000 
No. I and better 1,570 1,805 1,960 1,500,000 
No. I 1,420 1,635 1,775 1,500,000 
No.2 

2x6 
1,270 1,460 1,590 1,300,000 

No.3 750 860 935 1,200,000 
Stud 775 895 970 1,200,000 WCLIB 
Select Structural 1,930 2,220 2,415 1,600,000 WWPA 
No. I and better 1,450 1,665 1,810 1,500,000 
No. I 2x8 1,310 1,510 1,640 1,500,000 
No.2 1,175 1,350 1,465 1,300,000 
No.3 690 795 865 1,200,000 

Select Structural 1,770 2,035 2,215 1,600,000 
No. I and better 1,330 1,525 1,660 1,500,000 
No. I 2x10 1,200 1,380 1,500 1,500,000 
No.2 1,075 1,235 1,345 1,300,000 
No.3 635 725 790 1,200,000 

Select Structural 1,610 1,850 2,015 1,600,000 
No. I and better 1,210 1,390 1,510 1,500,000 
No. I 2xl2 1,095 1,255 1,365 1,500,000 
No.2 980 1,125 1,220 1,300,000 
No.3 575 660 720 1,200,000 

HEM-FIR (North) 
Select Structural 2,245 2,580 2,805 1,700,000 
No.1/No.2 1,725 1,985 2,155 1,600,000 
No.3 990 1,140 1,240 1,400,000 
Stud 2x4 980 1,125 1,225 1,400,000 
Construction 1,325 1,520 1,655 1,500,000 
Standard 720 825 900 1,400,000 NLGA 
Utility 345 395 430 1,300,000 
Select Structural 1,945 2,235 2,430 1,700,000 
No.1/No.2 1,495 1,720 1,870 1,600,000 
No.3 

2x6 
860 990 1,075 1,400,000 

Stud 890 1,025 1,115 1,400,000 

(Continued) 
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1994 UNIFORM BUILDING CODE 23-1-X-1 

TABLE 23-1-X-1-VALUES FOR JOISTS AND RAFTERs-VISUALLY GRADED 
LUMBER-(Continued) 

DESIGN VALUE IN BENDING "lb" psi 
MODULUS OF 

SIZE Normal Snow 7-day ELASTICITY "E'' 
(Inches) Duration Loading Loading psi GRADING 

x 25.4formm x 0.00689 for Nlmm2 
RULES 

SPECIES AND GRADE AGENCY 

HEM-FIR (NorthHcontinued) 
Select Structural 1,795 2,065 2,245 1,700,000 
No.1/No.2 2x8 1,380 1,585 1,725 1,600,000 
No.3 795 915 990 1,400,000 

Select Structural 1,645 1,890 2,055 1,700,000 
No.1/No.2 2xl0 1,265 1,455 1,580 1,600,000 NLGA 
No.3 725 835 910 1,400,000 

Select Structural 1,495 1,720 1,870 1,700,000 
No.1/No.2 2xl2 1,150 1,325 1,440 1,600,000 
No.3 660 760 825 1,400,000 

MIXED MAPLE 
Select Structural 1,725 1,985 2,155 1,300,000 
No. I 1,250 1,440 1,565 1,200,000 
No.2 1,210 1,390 1,510 1,100,000 
No.3 690 795 865 1,000,000 
Stud 

2x4 
695 800 870 1,000,000 

Construction 920 1,060 1,150 1,100,000 
Standard 520 595 645 1,000,000 
Utility 260 300 325 900,000 
Select Structural 1,495 1,720 1,870 1,300,000 
No.I 1,085 1,245 1,355 1,200,000 
No.2 2x6 1,045 1,205 1,310 1,100,000 
No.3 600 690 750 1,000,000 
Stud 635 725 790 1,000,000 NELMA 
Select Structural 1,380 1,585 1,725 1,300,000 
No.I 1,000 1,150 1,250 1,200,000 
No.2 

2x8 
965 1,110 1,210 1,100,000 

No.3 550 635 690 1,000,000 

Select Structural 1,265 1,455 1,580 1,300,000 
No.I 915 1,055 1,145 1,200,000 
No.2 

2xl0 
885 1,020 1,105 1,100,000 

No.3 505 580 635 1,000,000 

Select Structural 1,150 1,325 1,440 1,300,000 
No.I 835 960 1,040 1,200,000 
No.2 2xl2 

805 925 1,005 1,100,000 
No.3 460 530 575 1,000,000 

MIXED OAK 
Select Structural 1,985 2,280 2,480 1,100,000 
No.I 1,425 1,635 1,780 1,000,000 
No.2 1,380 1,585 1,725 900,000 
No.3 820 940 1,025 800,000 
Stud 

2x4 
790 910 990 800,000 

NELMA 

Construction 1,065 1,225 1,330 900,000 
Standard 605 695 755 800,000 
Utility 290 330 360 800,000 

2-941 



23-1-X-1 1994 UNIFORM BUILDING CODE 

TABLE 23-1-X-1-VALUES FOR JOISTS AND RAFTERs-VISUALLY GRADED 
LUMBER-(Continued) 

DESIGN VALUE IN BENDING "Ji," psi 
MODULUS OF 

SIZE Normal Snow 7-day ELASTICITY "E" 
(Inches) Duration Loading Loading jl!l GRADING 

x 25.41ormm x 0.00689for N/mm2 RULES 
SPECIES AND GRADE AGENCY 

MIXED OAK-( continued) 
Select Structural 1,720 1,975 2,150 1,100,000 
No.I 1,235 1,420 1,540 1,000,000 
No.2 2x6 1,195 1,375 1,495 900,000 
No.3 710 815 890 800,000 
Stud 720 825 900 800,000 

Select Structural 1,585 1,825 1,985 1,100,000 
No.I 1,140 1,310 1,425 1,000,000 
No.2 

2x8 
1,105 1,270 1,380 900,000 

No.3 655 755 820 800,000 NELMA 
Select Structural 1,455 1,675 1,820 1,100,000 
No. I 1,045 1,200 1,305 1,000,000 
No.2 

2xl0 
1,010 1,165 1,265 900,000 

No.3 600 690 750 800,000 

Select Structural 1,325 1,520 1,655 1,100,000 
No.I 950 1,090 1,185 1,000,000 
No.2 

2xl2 
920 1,060 1,150 900,000 

No.3 545 630 685 800,000 

MIXED SOUTHERN PINE 
Select Structural 2,360 2,710 2,950 1,600,000 
No. I 1,670 1,920 2,080 1,500,000 
No.2 1,500 1,720 1,870 1,400,000 
No.3 865 990 1,080 1,200,000 
Stud 

2x4 
890 1,020 1,110 1,200,000 

Construction 1,150 1,320 1,440 1,300,000 
Standard 635 725 790 1,200,000 
Utility 315 365 395 1,100,000 

Select Structural 2,130 2,450 2,660 1,600,000 
No. I 1,490 1,720 1,870 1,500,000 
No.2 2x6 1,320 1,520 1,650 1,400,000 
No.3 775 895 970 1,200,000 
Stud 775 895 970 1,200,000 SPIB 
Select Structural 2,010 2,310 2,520 1,600,000 
No.I 1,380 1,590 1,720 1,500,000 
No.2 

2x8 
1,210 1,390 1,510 1,400,000 

No.3 720 825 900 1,200,000 

Select Structural 1,730 1,980 2,160 1,600,000 
No.I 1,210 1,390 1,510 1,500,000 
No.2 

2xl0 
1,060 1,220 1,330 1,400,000 

No.3 605 695 755 1,200,000 

Select Structural 1,610 1,850 2,010 1,600,000 

No. I 1,120 1,290 1,400 1,500,000 
No.2 

2xl2 
1,010 1,160 1,260 1,400,000 

No.3 575 660 720 1,200,000 

(Contmued) 
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1994 UNIFORM BUILDING CODE 23-1-X-1 

TABLE 23-1-X-1-VALUES FOR JOISTS AND RAFTER5-VISUALLY GRADED 
LUMBER-(Continued) 

DESIGN VALUE IN BENDING "l'j," psi 
MODULUS OF 

SIZE Normal Snow 7-day ELASTICITY "E'' 
(Inches) Duration Loading Loading psi GRADING 

x 25.4formm x 0.00689 for N/mm2 
RULES 

SPECIES AND GRADE AGENCY 

NORTHERN RED OAK 
Select Structural 2,415 2,775 3,020 1,400,000 

No.I 1,725 1,985 2,155 1,400,000 
No.2 1,680 1,935 2,100 1,300,000 

No.3 950 1,090 1,185 1,200,000 

Stud 
2x4 

950 1,090 1,185 1,200,000 

Construction 1,265 1,455 1,580 1,200,000 
Standard 720 825 900 1,100,000 
Utility 345 395 430 1,000,000 

Select Structural 2,095 2,405 2,615 1,400,000 
No. I 1,495 1,720 1,870 1,400,000 
No.2 2x6 1,460 1,675 1,820 1,300,000 
No.3 820 945 1,030 1,200,000 
Stud 865 990 1,080 1,200,000 NELMA 
Select Structural 1,930 2,220 2,415 1,400,000 

No. I 1,380 1,585 1,725 1,400,000 
No.2 

2x8 
1,345 1,545 1,680 1,300,000 

No.3 760 875 950 1,200,000 

Select Structural 1,770 2,035 2,215 1,400,000 
No. I 1,265 1,455 1,580 1,400,000 
No.2 

2xl0 
1,235 1,420 1,540 1,300,000 

No.3 695 800 870 1,200,000 

Select Structural 1,610 1,850 2,015 1,400,000 

No. I 1,150 1,325 1,440 1,400,000 

No.2 
2x12 

1,120 1,290 1,400 1,300,000 

No.3 635 725 790 1,200,000 

NORTHERN SPECIES 
Select Structural 1,640 1,885 2,050 1,100,000 
No.1/No.2 990 1,140 1,240 1,100,000 
No.3 605 695 755 1,000,000 

Stud 2x4 570 655 710 1,000,000 

Construction 775 895 970 1,000,000 

Standard 430 495 540 900,000 

Utility 200 230 250 900,000 

Select Structural 1,420 1,635 1,775 1,100,000 
NLGA 

No. !/No.2 860 990 1,()75 1,100,000 

No.3 
2x6 

525 600 655 1,000,000 

Stud 520 595 645 1,000,000 

Select Structural 1,310 1,510 1,640 1,100,000 
No. !/No.2 2x8 795 915 990 1,100,000 

No.3 485 555 605 1,000,000 

2-943 



23-1-X-1 1994 UNIFORM BUILDING CODE 

TABLE 23-1-X-1-VALUES FOR JOISTS AND RAFTER5-VISUALLY GRADED 
LUMBER-(Continued) 

DESIGN VALUE IN BENDING "fb" psi I MODULUS OF 

SIZE Normal Snow 7 ·day ELASTICITY "E'' 
(Inches) Duration Loading Loading psi GRADING 

x 25.4formm x 0.00689 for Nlmm2 RULES 
SPECIES AND GRADE AGENCY 

NORTHERN SPECIES-( continued) 
Select Structural 1,200 1,380 1,500 1,100,000 
No. 1/No. 2 2xl0 725 835 910 1,100,000 
No.3 445 510 555 1,000,000 

Select Structural 1,095 1,255 1,365 1,100,000 NLGA 

No.1/No.2 2xl2 660 760 825 1,100,000 
No.3 405 465 505 1,000,000 

NORTHERN WHITE CEDAR 
Select Structural 1,335 1,535 1,670 800,000 
No. I 990 1,140 1,240 700,000 
No.2 950 1,090 1,185 700,000 
No.3 560 645 700 600,000 
Stud 

2x4 
540 620 670 600,000 

Construction 720 825 900 700,000 
Standard 405 465 505 600,000 
Utility 200 230 250 600,000 

Select Structural 1,160 1,330 1,450 800,000 
No. I 860 990 1,075 700,000 
No.2 2x6 820 945 1,030 700,000 
No.3 485 560 605 600,000 
Stud 490 560 610 600,000 NELMA 
Select Structural 1,070 1,230 1,335 800,000 
No. I 795 915 990 700,000 
No.2 

2x8 
760 875 950 700,000 

No.3 450 515 560 600,000 

Select Structural 980 1,125 1,225 800,000 
No. I 725 835 910 700,000 
No.2 

2x10 
695 800 870 700,000 

No.3 410 475 515 600,000 

Select Structural 890 1,025 1,115 800,000 
No.I 660 760 825 700,000 
No.2 

2xl2 
635 725 790 700,000 

No.3 375 430 465 600,000 

RED MAPLE 
Select Structural 2,245 2,580 2,805 1,700,000 
No. I 1,595 1,835 1,995 1,600,000 
No.2 1,555 1,785 1,940 1,500,000 
No.3 905 1,040 1,130 1,300,000 
Stud 

2x4 
885 1,020 1,105 1,300,000 

NELMA 

Construction 1,210 1,390 1,510 1,400,000 
Standard 660 760 825 1,300,000 
Utility 315 365 395 1,200,000 

(Continued) 
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1994 UNIFORM BUILDING CODE 23-1-X-1 

TABLE 23-1-X-1-VALUES FOR JOISTS AND RAFTERs-VISUALLY GRADED 
LUMBER-( Continued) 

DESIGN VALUE IN BENDING "fj," psi 
MODULUS OF 

SIZE Normal Snow 7-day ELASTICITY "E'' 
(Inches) Duration Loading Loading psi GRADING 

x 25.4for mm x 0.00689 for N/mm2 RULES 
SPECIES AND GRADE AGENCY 

RED MAPLE-( continued) 

Select Structural 1,945 2,235 2,430 1,700,000 
No.I 1,385 1,590 1,730 1,600,000 
No.2 2x6 1,345 1,545 1,680 1,500,000 
No.3 785 905 980 1,300,000 
Stud 805 925 1,005 1,300,000 
Select Structural 1,795 2,065 2,245 1,700,000 
No. I 1,275 1,470 1,595 1,600,000 
No.2 

2x8 
1,240 1,430 1,555 1,500,000 

No.3 725 835 905 1,300,000 NELMA 
Select Structural 1,645 1,890 2,055 1,700,000 
No. I 1,170 1,345 1,465 1,600,000 
No.2 

2xl0 
1,140 1,310 1,425 1,500,000 

No.3 665 765 830 1,300,000 

Select Structural 1,495 1,720 1,870 1,700,000 
No.I 1,065 1,225 1,330 1,600,000 
No.2 

2x12 
1,035 1,190 1,295 1,500,000 

No.3 605 695 755 1,300,000 

RED OAK 
Select Structural 1,985 2,280 2,480 1,400,000 
No. I 1,425 1,635 1,780 1,300,000 
No.2 1,380 1,585 1,725 1,200,000 
No.3 820 940 1,025 1,100,000 
Stud 

2x4 
790 910 990 1,100,006 

Construction 1,065 1,225 1,330 1,200,000 
Standard 605 695 755 1,100,000 
Utility 290 330 360 1,000,000 

Select Structural 1,720 1,975 2,150 1,400,000 
No. I 1,235 1,420 1,540 1,300,000 
No.2 2x6 1,195 1,375 1,495 1,200,000 
No.3 710 815 890 1,100,000 
Stud 720 825 900 1,100,000 NELMA 
Select Structural 1,585 1,825 1,985 1,400,000 
No.I 1,140 1,310 1,425 1,300,000 
No.2 

2x8 
1,105 1,270 1,380 1,200,000 

No.3 655 755 820 1,100,000 

Select Structural 1,455 1,675 1,820 1,400,000 
No. I 1,045 1,200 1,305 1,300,000 
No.2 

2xl0 
1,010 1,165 1,265 1,200,000 

No.3 600 690 750 1,100,000 

Select Structural 1,325 1,520 1,655 1,400,000 
No.I 950 1,090 1,185 1,300,000 
No.2 

2xl2 
920 1,060 1,150 1,200,000 

No.3 545 630 685 1,100,000 

2-945 



23-1-X-1 1994 UNIFORM BUILDING CODE 

TABLE 23-1-X-1-VALUES FOR JOISTS AND RAFTERs-VISUALLY GRADED 
LUMBER-( Continued) 

DESIGN VALUE IN BENDING "/i," psi 
MODULUS OF 

SIZE Normal Snow 7·day ELASTICITY "E'' 
(Inches) Duration Loading Loading psi GRADING 

x 25.4for mm x 0.00689 for Nlmm2 RULES 
SPECIES ANO GRADE AGENCY 

REDWOOD 
Clear Structural 3,020 3,470 3,775 1,400,000 
Select Structural 2,330 2,680 2,910 1,400,000 
Select Structural, 1,900 2,180 2,370 1,100,000 
open grain 

No. I 1,680 1,935 2,100 1,300,000 
No. I, open grain 1,335 1,535 1,670 1,100,000 
No.2 1,595 1,835 1,995 1,200,000 
No. 2, open grain 2x4 1,250 1,440 1,565 1,000,000 
No.3 905 1,040 1,130 1,100,000 
No. 3, open grain 735 845 915 900,000 
Stud 725 835 910 900,000 
Construction 950 1,090 1,185 900,000 
Standard 520 595 645 900,000 
Utility 260 300 325 800,000 

Clear Structural 2,615 3,010 3,270 1,400,000 
Select Structural 2,020 2,320 2,525 1,400,000 
Select Structural, 1,645 1,890 2,055 1,100,000 
open grain RIS 
No. I 1,460 1,675 1,820 1,300,000 
No. I, open grain 2x6 1,160 1,330 1,450 1,100,000 
No.2 1,385 1,590 1,730 1,200,000 
No. 2, open grain 1,085 1,245 1,355 1,000,000 
No.3 785 905 980 1,100,000 
No. 3, open grain 635 730 795 900,000 
Stud 660 760 825 900,000 

Clear Structural 2,415 2,775 3,020 1,400,000 
Select Structural 1,865 2,140 2,330 1,400,000 
Select Structural, 1,520 1,745 1,900 1,100,000 
open grain 

No. I 1,345 1,545 1,680 1,300,000 
No. I, open grain 2x8 1,070 1,230 1,335 1,100,000 
No.2 1,275 1,470 1,595 1,200,000 
No. 2, open grain 1,000 1,150 1,250 1,000,000 
No.3 725 835 905 1,100,000 
No. 3, open grain 585 675 735 900,000 

(Continued) 
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1994 UNIFORM BUILDING CODE 

TABLE 23-1-X-1-VALUES FOR JOISTS AND RAFTERs-VISUALLY GRADED 
LUMBER-(Continued) 

DESIGN VALUE IN BENDING "lb" psi I 
MODULUS OF 

Normal Snow 

23·1-X-1 

SIZE 7-dsy ELASTICITY "E'' 
(Inches) Duration Loading Loading psi GRADING 

x 25.4formm x 0.00689 for Nlmm2 
RULES 

SPECIES AND GRADE AGENCY 

REDWOOD-( continued) 
Clear Structural 2,215 2,545 2,765 1,400,000 
Select Structural 1,710 1,965 2,135 1,400,000 
Select Structural, 1,390 1,600 1,740 1,100,000 
open grain 

No.I 1,235 1,420 1,540 1,300,000 
No. I, open grain 2x!O 980 1,125 1,225 1,100,000 
No.2 1,170 1,345 1,465 1,200,000 
No. 2, open grain 915 1,055 1,145 1,000,000 
No.3 665 765 830 1,100,000 RIS 
No. 3, open grain 540 620 670 900,000 

Clear Structural 2,015 2,315 2,515 1,400,000 
Select Structural 1,555 1,785 1,940 1,400,000 
Select Structural, 1,265 1,455 1,580 1,100,000 
open grain 

No. I 1,120 1,290 1,400 1,300,000 
No. I, open grain 2xl2 890 1,025 1,115 1,100,000 
No.2 1,065 1,225 1,330 1,200,000 
No. 2, open grain 835 960 1,040 1,000,000 
No.3 605 695 755 1,100,000 
No. 3, open grain 490 560 610 900,000 

SOUTHERN PINE 
Dense Select 3,510 4,030 4,380 1,900,000 
Structural 

Select Structural 3,280 3,770 4,100 1,800,000 
Non-Dense Select 3,050 3,500 3,810 1,700,000 
Structural 

No. I Dense 2,300 2,650 2,880 1,800,000 
No.I 2,130 2,450 2,660 1,700,000 
No. I Non-Dense 1,950 2,250 2,440 1,600,000 
No.2 Dense 2x4 1,960 2,250 2,440 1,700,000 SPIB 

No.2 1,720 1,980 2,160 1,600,000 
No. 2 Non-Dense 1,550 1,790 1,940 1,400,000 
No.3 980 1,120 1,220 1,400,000 
Stud 1,010 1,160 1,260 1,400,000 
Construction 1,270 1,450 1,580 1,500,000 
Standard 720 825 900 1,300,000 
Utility 345 395 430 1,300,000 
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23-1-X-1 1994 UNIFORM BUILDING CODE 

TABLE 23-1-X-1-VALUES FOR JOISTS AND RAFTER5-VISUALLY GRADED 
LUMBER-(Continued) 

DESIGN VALUE IN BENDING "fj)' psi 
MODULUS OF 

SIZE Normal Snow 7·day ELASTICITY "E'' 
(Inches) Duration Loading Loading psi GRADING 

x 25.4formm x 0.00689 for N/mm2 RULES 
SPECIES AND GRADE AGENCY 

SOUTHERN PINE-( continued) 
Dense Select 3,100 3,570 3,880 1,900,000 
Structural 

Select Structural 2,930 3,370 3,670 1,800,000 
Non-Dense Select 2,700 3,110 3,380 1,700,000 
Structural 

No. I Dense 2,010 2,310 2,520 1,800,000 
No. I 2x6 1,900 2,180 2,370 1,700,000 
No. I Non-Dense 1,720 1,980 2,160 1,600,000 
No.2 Dense 1,670 1,920 2,080 1,700,000 
No.2 1,440 1,650 1,800 1,600,000 
No. 2 Non-Dense 1,320 1,520 1,650 1,400,000 
No.3 865 990 1,080 1,400,000 
Stud 890 1,020 1,110 1,400,000 

Dense Select 2,820 3,240 3,520 1,900,000 
Structural 

Select Structural 2,650 3,040 3,310 1,800,000 
Non-Dense Select 2,420 2,780 3,020 1,700,000 
Structural 

No. I Dense 1,900 2,180 2,370 1,800,000 SPIB 
No. I 2x8 1,730 1,980 2,160 1,700,000 
No. I Non-Dense 1,550 1,790 1,940 1,600,000 
No.2 Dense 1,610 1,850 2,010 1,700,000 
No.2 1,380 1,590 1,720 1,600,000 
No. 2 Non-Dense 1,260 1,450 1,580 1,400,000 
No.3 805 925 1,010 1,400,000 

Dense Select 2,470 2,840 3,090 1,900,000 
Structural 

Select Structural 2,360 2,710 2,950 1,800,000 
Non-Dense Select 2,130 2,450 2,660 1,700,000 
Structural 

No. I Dense 1,670 1,920 2,080 1,800,000 
No.I 2xl0 1,500 1,720 1,870 1,700,000 
No. I Non-Dense 1,380 1,590 1,730 1,600,000 
No.2 Dense 1,380 1,590 1,730 1,700,000 
No.2 1,210 1,390 1,510 1,600,000 
No. 2 Non-Dense 1,090 1,260 1,370 1,400,000 
No.3 690 795 865 1,400,000 

(Continued) 
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1994 UNIFORM BUILDING CODE 23·1-X-1 

TABLE 23·1-X-1-VALUES FOR JOISTS AND RAFTER5-VISUALLV GRADED 
LUMBER-(Continued) 

DESIGN VALUE IN BENDING "lj," psi 
MODULUS OF 

SIZE Normal Snow 7-day ELASTICITY "E'' 
(Inches) Duration Loading Loading psi GRADING 

x 25.4formm x 0.00689 for N/mm2 
RULES 

SPECIES AND GRADE AGENCY 

SOUTHERN PINE-( continued) 
Dense Select 2,360 2,710 2,950 1,900,000 
Structural 

Select Structural 2,190 2,510 2,730 1,800,000 
Non-Dense Select 2,010 2,310 2,520 1,700,000 
Structural 

No. I Dense 1,550 1,790 1,940 1,800,000 
No. I 2xl2 1,440 1,650 1,800 1,700,000 SPIB 

No. I Non-Dense 1,320 1,520 1,650 1,600,000 
No.2 Dense 1,320 1,520 1,650 1,700,000 
No.2 1,120 1,290 1,400 1,600,000 
No. 2 Non-Dense 1,040 1,190 1,290 1,400,000 
No.3 660 760 825 1,400,000 

SPRUCE-PINE-FIR 
Select Structural 2,155 2,480 2,695 1,500,000 
No.1/No.2 1,510 1,735 1,885 1,400,000 
No.3 865 990 1,080 1,200,000 
Stud 2x4 855 980 1,065 1,200,000 
Construction 1,120 1,290 1,400 1,300,000 
Standard 635 725 790 1,200,000 
Utility 290 330 360 1,100,000 
Select Structural 1,870 2,150 2,335 1,500,000 
No. 1/No. 2 1,310 1,505 1,635 1,400,000 
No.3 

2x6 
750 860 935 1,200,000 

Stud 775 895 970 1,200,000 NLGA 

Select Structural 1,725 1,985 2,155 1,500,000 
No. !/No.2 2x8 1,210 1,390 1,510 1,400,000 
No.3 690 795 865 1,200,000 

Select Structural 1,580 1,820 1,975 1,500,000 
No.1/No.2 2xl0 1,105 1,275 1,385 1,400,000 
No.3 635 725 790 1,200,000 

Select Structural 1,440 1,655 1,795 1,500,000 
No.1/No.2 2xl2 1,005 1,155 1,260 1,400,000 
No.3 575 660 720 1,200,000 

SPRUCE-PINE-FIR (South) 
Select Structural 2,245 2,580 2,805 1,300,000 
No.I 1,465 1,685 1,835 1,200,000 
No.2 1,295 1,490 1,615 1,100,000 

NELMA 
No.3 735 845 915 1,000,000 NSLB 
Stud 

2x4 
725 835 910 1,000,000 WCLIB 

Construction 980 1,125 1,220 1,000,000 WWPA 

Standard 545 630 685 900,000 
Utility 260 300 325 900,000 
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23-1-X-1 1994 UNIFORM BUILDING CODE 

TABLE 23-1-X-1-VALUES FOR JOISTS AND RAFTERS-VISUALLY GRADED 
LUMBER--(Continued) 

DESIGN VALUE IN BENDING "lb" psi 
MODULUS OF 

SIZE Normal Snow 7-day ELASTICITY "E'' 
(Inches) Duration Loading Loading psi GRADING 

x 25.4formm x 0.00689 for N/mm2 RULES 
SPECIES AND GRADE AGENCY 

SPRUCE-PINE-FIR (SouthHcontinued) 
Select Structural 1,945 2,235 2,430 1,300,000 
No.I 1,270 1,460 1,590 1,200,000 
No.2 2x6 1,120 1,290 1,400 1,100,000 
No.3 635 730 795 1,000,000 
Stud 660 760 825 1,000,000 

Select Structural 1,795 2,065 2,245 1,300,000 
No. I 1,175 1,350 1,465 1,200,000 
No.2 

2x8 
1,035 1,190 1,295 1,100,000 NELMA 

No.3 585 675 735 1,000,000 NSLB 
WCLIB 

Select Structural 1,645 1,890 2,055 1,300,000 WWPA 
No. I 1,075 1,235 1,345 1,200,000 
No.2 2xl0 

950 1,090 1,185 1,100,000 
No.3 540 620 670 1,000,000 

Select Structural 1,495 1,720 1,870 1,300,000 
No.I 980 1,125 1,220 1,200,000 
No.2 

2xl2 
865 990 1,080 1,100,000 

No.3 490 560 610 1,000,000 

WESTERN CEDARS 
Select Structural 1,725 1,985 2,155 1,100,000 
No. I 1,250 1,440 1,565 1,000,000 
No.2 1,210 1,390 1,510 1,000,000 
No.3 690 795 865 900,000 
Stud 

2x4 
695 800 870 900,000 

Construction 920 1,060 1,150 900,000 
Standard 520 595 645 800,000 
Utility 260 300 325 800,000 
Select Structural 1,495 1,720 1,870 1,100,000 
No. I 1,085 1,245 1,355 1,000,000 
No.2 2x6 1,045 1,205 1,310 1,000,000 WCLIB 

WWPA 
No.3 600 690 750 900,000 
Stud 635 725 790 900,000 

Select Structural 1,380 1,585 1,725 1,100,000 
No. I 1,000 1,150 1,250 1,000,000 
No.2 

2x8 
965 1,110 1,210 1,000,000 

No.3 550 635 690 900,000 

Select Structural 1,265 1,455 1,580 1,100,000 
No.I 915 1,055 1,145 1,000,000 
No.2 

2xl0 
885 1,020 1,105 1,000,000 

No.3 505 580 635 900,000 

(Continued) 
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1994 UNIFORM BUILDING CODE 23-1-X-1 

TABLE 23-1-X-1-VALUES FOR JOISTS AND RAFTERs-VISUALLY GRADED 
LUMBER-(Continued) 

DESIGN VALUE IN BENDING "lb" psi 
MODULUS OF 

SIZE Normal Snow 7-day ELASTICITY "E'' 
(Inches) Duration Loading Loading _j)Si GRADING 

RULES 
SPECIES AND GRADE x 25.4formm x 0.00689 for Nlmm2 AGENCY 

WESTERN CEDARS-( continued) 

Select Structural 1,150 1,325 1,440 1,100,000 
No.I 835 960 1,040 1,000,000 WCLIB 
No.2 

2x12 
805 925 1,005 1,000,000 WWPA 

No.3 460 530 575 900,000 
WESTERN WOODS 

Select Structural 1,510 1,735 1,885 1,200,000 
No.I 1,120 1,290 1,400 1,100,000 
No.2 1,120 1,290 1,400 1,000,000 
No.3 645 745 810 900,000 
Stud 

2x4 
635 725 790 900,000 

Construction 835 960 1,040 1,000,000 
Standard 460 530 575 900,000 
Utility 230 265 290 800,000 
Select Structural 1,310 1,505 1,635 1,200,000 
No. I 970 1,120 1,215 1,100,000 
No.2 2x6 970 1,120 1,215 1,000,000 
No.3 560 645 700 900,000 
Stud 575 660 720 900,000 WCLIB 

WWPA 
Select Structural 1,210 1,390 1,510 1,200,000 
No.I 895 1,030 1,120 1,100,000 
No.2 2x8 

895 1,030 1,120 1,000,000 
No.3 520 595 645 900,000 
Select Structural 1,105 1,275 1,385 1,200,000 
No. I 820 945 1,030 1,100,000 
No.2 2xl0 

820 945 1,030 1,000,000 
No.3 475 545 595 900,000 
Select Structural 1,005 1,155 1,260 1,200,000 
No.I 750 860 935 1,100,000 
No.2 2x12 

750 860 935 1,000,000 
No.3 430 495 540 900,000 

WHITEOAK 
Select Structural 2,070 2,380 2,590 1,100,000 
No.I 1,510 1,735 1,885 1,000,000 
No.2 1,465 1,685 1,835 900,000 
No.3 820 940 1,025 800,000 
Stud 

2x4 
820 945 1,030 800,000 

NELMA 

Construction 1,095 1,255 1,365 900,000 
Standard 605 695 755 800,000 
Utility 290 330 360 800,000 
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23-1-X-1 1994 UNIFORM BUILDING CODE 

TABLE 23-1-X-1-VALUES FOR JOISTS AND RAFTER5-VISUALLY GRADED 
LUMBER-(Continued) 

DESIGN VALUE IN BENDING "lj," psi I MODULUS OF 

SIZE Normal Snow 7-day ELASTICITY "E' 
(Inches) Duration Loading Losdlng psi GRADING 

x 25.4for mm x 0.00689 for Nlmm2 RULES 
SPECIES AND GRADE AGENCY 

WHITE OAK-{ continued) 
Select Structural 1,795 2,065 2,245 1,100,000 
No. I 1,310 1,505 1,635 1,000,000 
No.2 2x6 1,270 1,460 1,590 900,000 
No.3 710 815 890 800,000 
Stud 750 860 935 800,000 

Select Structural 1,655 1,905 2,070 1,100,000 
No. I 1,210 1,390 1,510 1,000,000 
No.2 

2x8 
1,175 1,350 1,465 900,000 

No.3 655 755 820 800,000 NELMA 
Select Structural 1,520 1,745 1,900 1,100,000 
No. I 1,105 1,275 1,385 1,000,000 
No.2 

2xl0 
1,075 1,235 1,345 900,000 

No.3 600 690 750 800,000 

Select Structural 1,380 1,585 1,725 1,100,000 
No. I 1,005 1,155 1,260 1,000,000 
No.2 

2xl2 
980 1,125 1,220 900,000 

No.3 545 630 685 800,000 

YELLOW POPLAR 
Select Structural 1,725 1,985 2,155 1,500,000 
No. I 1,250 1,440 1,565 1,400,000 
No.2 1,210 1,390 1,510 1,300,000 
No.3 690 795 865 1,200,000 
Stud 

2x4 
695 800 870 1,200,000 

Construction 920 1,060 1,150 1,300,000 
Standard 520 595 645 1,100,000 
Utility 230 265 290 1,100,000 

Select Structural 1,495 1,720 1,870 1,500,000 
No. I 1,085 1,245 1,355 1,400,000 
No.2 2x6 1,045 1,205 1,310 1,300,000 
No.3 600 690 750 1,200,000 
Stud 635 725 790 1,200,000 NSLB 
Select Structural 1,380 1,585 1,725 1,500,000 
No.I 1,000 1,150 1,250 1,400,000 
No.2 

2x8 
965 1,110 1,210 1,300,000 

No.3 550 635 690 1,200,000 

Select Structural 1,265 1,455 1,580 1,500,000 
No.I 915 1,055 1,145 1,400,000 
No.2 

2xl0 
885 1,020 1,105 1,300,000 

No.3 505 580 635 1,200,000 

Select Structural 1,150 1,325 1,440 1,500,000 
No. I 835 960 1,040 1,400,000 
No.2 

2xl2 
805 925 1,005 1,300,000 

No.3 460 530 575 1,200,000 
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1994 UNIFORM BUILDING CODE 23-1-X-2 

TABLE 23-1-X-2-VALUES FOR JOISTS AND RAFTERs-MECHANICALLY GRADED LUMBER 
For use in Tables 23-V-J-1 through 23-V-R-12 and Division V only. 

DESIGN VALUE IN BENDING "lb'" 
MODULUS psi 

Snow 
OF 

SIZE Normal 7·day ELASTICITY 
(Inches) Duration Loading Loading "E'' psi 

GRADE 
x 25.4formm x 0.00689 for Nlmm2 DESIGNATION GRADING RULES AGENCIES 

MACHINE STRESS RATED (MSR) LUMBER 
900f-l.OE 1,040 1,190 1,290 1,000,000 WCLIB,WWPA 
1200f-1.2E 1,380 1,590 1,730 1,200,000 NLGA,SPIB,WCLIB,WWPA 
1350f-1.3E 1,550 1,790 1,940 1,300,000 SPIB,WCLIB,WWPA 
1450f-1.3E 1,670 1,920 2,080 1,300,000 NLGA,WCLIB,WWPA 
1500f-1.3E 1,730 1,980 2,160 1,300,000 SPIB 
1500f-1.4E 1,730 1,980 2,160 1,400,000 NLGA,SPIB, WCLIB, WWPA 
1650f-1.4E 1,900 2,180 2,370 1,400,000 SPIB 
1650f-1.5E 1,900 2,180 2,370 1,500,000 NLGA,SPIB,WCLIB,WWPA 
1800f-1.6E 2,070 2,380 2,590 1,600,000 NLGA,SPIB,WCLIB,WWPA 
1950f-1.5E 2,240 2,580 2,800 1,500,000 SPIB 
1950f-1.7E 2x4 2,240 2,580 2,800 1,700,000 NLGA,SPIB,WWPA 
2100f-1.8E and wider 2,420 2,780 3,020 1,800,000 NLGA,SPIB,WCLIB,WWPA 
2250f-1.6E 2,590 2,980 3,230 1,600,000 SPIB 
2250f-1.9E 2,590 2,980 3,230 1,900,000 NLGA,SPIB, WWPA 
2400f-1.7E 2,760 3,170 3,450 1,700,000 SPIB 
2400f-2.0E 2,760 3,170 3,450 2,000,000 NLGA,SPIB, WCLIB, WWPA 
2550f-2.1E 2,930 3,370 3,670 2,100,000 NLGA,SPIB,WWPA 
2700f-2.2E 3,110 3,570 3,880 2,200,000 NLGA,SPIB,WCLIB,WWPA 
2850f-2.3E 3,280 3,770 4,100 2,300,000 SPIB,WWPA 
3000f-2.4E 3,450 3,970 4,310 2,400,000 NLGA,SPIB 
3150f-2.5E 3,620 4,170 4,530 2,500,000 SPIB 
3300f-2.6E 3,800 4,360 4,740 2,600,000 SPIB 
900f-1.2E 1,040 1,190 1,290 1,200,000 NLGA,WCLIB 
1200f-1.5E 1,380 1,590 1,730 1,500,000 NLGA,WCLIB 
1350f-1.8E 2x6 1,550 1,790 1,940 1,800,000 NLGA and wider 
1500f-1.8E 1,730 1,980 2,160 1,800,000 WCLIB 
1800f-2.1E 2,070 2,380 2,590 2,100,000 NLGA,WCLIB 

MACHINE EVALUATED LUMBER (MEL) 
M-10 1,610 1,850 2,010 1,200,000 
M-Il 1,780 2,050 2,230 1,500,000 
M-12 1,840 2,120 2,300 1,600,000 
M-13 1,840 2,120 2,300 1,400,000 
M-14 2,070 2,380 2,590 1,700,000 
M-15 2,070 2,380 2,590 1,500,000 
M-16 2,070 2,380 2,590 1,500,000 
M-17 2x4 2,240 2,580 2,800 1,700,000 

SPIB M-18 and wider 2,300 2,650 2,880 1,800,000 
M-19 2,300 2,650 2,880 1,600,000 
M-20 2,300 2,650 2,880 1,900,000 
M-21 2,650 3,040 3,310 1,900,000 
M-22 2,700 3,110 3,380 1,700,000 
M-23 2,760 3,170 3,450 1,800,000 
M-24 3,110 3,570 3,880 1,900,000 
M-25 3,160 3,640 3,950 2,200,000 
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23-1-X-2 1994 UNIFORM BUILDING CODE 

TABLE 23-1-X-2-VALUES FOR JOISTS AND RAFTERs-MECHANICALLY 
GRADED LUMBER-(Continued) 

DESIGN VALUE IN BENDING "/b" 
MODULUS psi 

OF 
SIZE Normal I Snow I 7-day ELASTICrTY 

GRADE 
(Inches) Duration Loading Loading "E'' psi 

DESIGNATION x 25.41ormm x 0.006891or Nlmm2 GRADING RULES AGENCIES 

MACHINE EVALUATED LUMBER (MEL)-( continued) 

M-26 I 2x4 I 3,220 I 3,700 I 4,030 I 2,000,000 I 
M-27 and wider 3,450 3,970 4,310 2,100,000 SPIB 

The note to Table 23-1-X-1 apphes also to mechamcally graded lumber. 
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1994 UNIFORM BUILDING CODE 
CHAP. 23, DIV. II 

2327-2330 

Division II-DESIGN STANDARD FOR SPACED WOOD COLUMN DESIGN 

Based on National Design Specification for Wood Construction (1982), including 
the 1982 Supplement, American Forest and Paper Association 

SECTION 2327 - SCOPE 

This division shall cover requirements for spaced column design, in accordance with Division I. 

SECTION 2328 - SPACED WOOD COLUMNS 

Wood columns shall be designed in accordance with the following formulas and requirements: 

A area of column cross section, square inches (mm2). 

Fe allowable unit stress in compression parallel to grain as given in Tables 23-1-A-1 and 
23-1-A-2 of Division I. 

F'c allowable unit stress in compression parallel to grain adjusted to lid ratio. 
d dimension of least side of individual members of spaced columns, inches (mm). 

d2 dimension of wide face of individual member, inches (mm). 
E modulus of elasticity. 

/1 and l2 
distances from center to center of lateral supports of continuous spaced columns, and 
from end to end of simple spaced columns, inches (mm). 

/3 distance in spaced column from center of connector in end blocks to center of spacer 
block, inches (mm). 

P total load, pounds (N). 
PIA maximum load per unit of cross-sectional area. 

SECTION 2329 - COLUMNS, CONNECTOR JOINED 

Spaced columns are formed of two or more individual members with their longitudinal axis paral­
lel, separated at the ends and middle points of their length by blocking and joined at the ends by 
timber connectors capable of developing the required shear resistance. 

Spaced columns shall be classified as to end fixity, either as condition "a" or condition "b," as 
follows: 

Condition a. The centroid of connectors or a connector group in the end block shall be within t/20 
of the length It from the column end. 

Condition b. The centroid of connectors or a connector group in the end block shall be between 
t/zo and t/10 of the length It from the column end. 

SECTION 2330 - LIMITATIONS 

For individual members of a spaced column: 

I. I tid t shall not exceed 80, where It is the distance between lateral supports that provide re­
straint perpendicular to the wide faces of the individual members. 

2. lzldz shall not exceed 50, where lz is the distance between lateral supports that provide re­
straint in a direction parallel to the wide faces of the individual members. 

3. 1:/dt shall not exceed 40, where /3 is the distance between the centroid of connectors in an end 
block and the center of the spacer block. 
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1994 UNIFORM BUILDING CODE 

TABLE 23-11-A-END-SPACER BLOCK CONSTANTS FOR 
CONNECTOR-JOINED SPACED COLUMNS 

SPECIES GROUP 
A 

B 

c 
D 

End block 

Ks = 9.55 (/dd1 - II) :s; 468 

Ks = 8.14 (/dd1 -II) :s; 339 

Ks = 6.73 (/ddt -II) :s; 330 

Ks = 5.32 (/ddt -II) :s; 261 

Condition "a" with the connectors within //20 
from the column end. 

it and /2 = Distances from center to center of lateral 
supports of continuous spaced columns. 
and from end to end of simple spaced 
columns, inches (mm). 

/3 = Distance from center of connectors, in 
end blocks, to center of spacer block, 
inches (mm). 

dt = Dimension of least side of individual 
member, inches (mm). 

d2 = Dimension of wide face of individual 
member, inches (mm) . 

. \-1111 I Spacer Block 

FIGURE 23-II-1-5PACED COLUMN, CONNECTOR JOINED 

23-11-A-23-11-1 

I 
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CHAP. 23, DIV. II 
2331-2334 1994 UNIFORM BUILDING CODE 

SECTION 2331 - LOCATION OF SPACER AND END BLOCKS 

A single spacer block shall be located within the middle one tenth of the column length, l, and, if so 
located, connectors are not required for this block. If there are two or more spacer blocks, the dis­
tance between any two blocks shall not exceed one half the distance between centers of connectors 
in the end blocks. The requirements for connectors in spacer blocks when two or more blocks are 
used are the same as for end blocks. 

End blocks shall be so placed that sufficient end and edge distances and spacings for the required 
minimum size and number of connectors are maintained in both end blocks and individual 
members, and connectors so placed that they comply with conditions "a" or "b" (Figure 23-II-1 ), 
depending on fixity factor assumed. 

For spaced columns used as members of a truss, e.g., compression chords, a panel point which is 
stayed laterally, shall be considered as the end of the spaced column and the portion of the web 
members between the individual pieces making up a spaced column may be considered as the end 
blocks. For spaced column web members, joints at the tension chord may be considered stayed 
laterally by the tautness of the tension chord and by customary lateral braces between trusses. 

If there are two or more connectors in a contact face, the position of the center of gravity of the 
group of connectors shall be used in measuring the distance from connectors in the end block to the 
end of the column for determining fixity condition "a" or "b" (Figure 23-II-2). 

SECTION 2332 - DIMENSIONS OF SPACER AND END BLOCKS 

The thickness of spacer and end blocks shall not be less than that of the individual members of the 
spaced column nor shall the thickness, width and length of spacer and end blocks be less than that 
required for installation of connectors of a size and number capable of carrying a load equal to that 
computed from Table 23-II-A. 

SECTION 2333 - LOAD CAPACITY OF CONNECTORS IN END-SPACER BLOCKS 

To obtain spaced-column action, the connectors in each pair of mutually contacting surfaces of end 
blocks and individual members at each end of a spaced column shall be of a size and number to 
provide a connector load capacity in pounds (N) equal to the cross-sectional area in square inches 
(mm2) of one of the individual members times the appropriate end-spacer block constant in Table 
23-II-A. 

If connector-joined spaced columns are used in locations other than dry, the connector loads 
should be adjusted for such conditions. 

If spaced columns are a part of a truss system or other similar framing, the connectors required by 
joint design may be sufficient for end-block connectors but should be checked against Table 
23-II-A. 

SECTION 2334- ALLOWABLE LOADS FOR SPACED COLUMNS 

The total allowable load for a spaced column is the sum of the allowable loads for each of its 
individual members determined as follows, except that the unit load for the individual members 
shall not exceed the allowable unit stresses in compression parallel to grain appropriately modified 
as provided in Division I nor shall such load exceed that permitted for net section for connectors. 

Maximum design values F 'c in psi (N/mm2) of cross-sectional area of individual members of 
spaced columns shall be determined in accordance with the following formula: 

, [I+ (FcE/F*c) [' + (F,E/F*c)]
2 

_ FcE/F*,] 
F ' = F *" 2c' 2c' c' 
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WHERE: 

CHAP. 23, DIV. II 
2334 

F*c = tabulated compressive design value multiplied by all of the applicable adjustment factors. 

F _ KcEKxE' 
cE - (1Jd)2 

WHERE: 
c' 0.8 for sawn lumber. 

c' 0.85 for round timber piles. 

c' 0.90 for glued-laminated timber. 
KcE 0.3 for visually graded lumber. 
KcE 0.418 for products such as machine stress-rated sawn lumber and glued-laminated timber. 

Kx 2.5 for fixity condition a. 

Kx 3.0 for fixity condition b. 

4 /1, lz, ... 
When individual members of a spaced column are of different species, grades or thicknesses, the 

lesser allowable compression parallel to grain design value, F'c. for the weaker member shall apply 
to both members. 

The allowable compression parallel to grain design value, F'c, for a spaced column shall not ex­
ceed the allowable compression parallel to grain design value, F'c· for the individual members eva­
luated as solid columns without regard to fixity in accordance with Section 2307 using the column 
slenderness ratio lzldz (see Figure 23-11-1 ). 

For especially severe service conditions and/or extraordinary hazard, use of lower allowable de­
sign values may be necessary. 

The equations in Section 2308 for combined flexure and axial loading apply to spaced columns 
only for uniaxial bending in a direction parallel to the wide face of the individual member (dimen­
sion dz in Figure 23-11-1). 

Where the design values F'c for the two individual members of a spaced column are different 
because the members are of different species, grades or thicknesses, the lesser value of F'c shall 
apply to both members. 

The design values shall not exceed the design values for the individual members taken as simple 
solid columns without regard to fixity, when determined with Section 2307 by using dimensions dz 
and length /z where /z is the distance between the lateral supports which provide restraint in a direc­
tion parallel to dimension dz. 
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2335-2335.5.1 

Division Ill-DESIGN STANDARD FOR TIMBER CONNECTOR JOINTS, BOLTED 
JOINTS, DRIFT BOLTS AND WOOD SCREWS, AND LAG SCREWS; METAL PLATE 

CONNECTED WOOD TRUSS DESIGN, AND NAILS AND STAPLES 

Based on the National Design Specification for Wood Construction (1991), I 
including the 1991 Supplement, of the American Forest and Paper Association; 

Design Specifications for Metal Plate Connected Wood Truss, TPI-85; 
Design Specification for Metal Plate Connected Parallel Chord Wood Trusses, 
PCT-80 of the Truss Plate Institute; and Federal Specification No. FF-N-105B, 

dated March 17, 1971 

SECTION 2335 - MECHANICAL CONNECTIONS 

2335.1 Scope. This part applies to the engineering design of connections using bolts, lag screws, 
split ring or shear plate connectors, drift bolts, drift pins, wood screws, nails, spikes, metal plate 
connectors or spike grids in sawn lumber, glued-laminated timber and timber piles. Methods of 
analysis and test data for establishing design values for connections made with more than one type 
of fastener are not included. Design values for mixed fastener connections shall be based on tests or 
other analysis. 

Except where specifically limited elsewhere herein, the provisions of Section 2335 shall apply to 
all fastener types covered in Sections 2336 through 2342. 

Connection design provisions in Sections 2335 through 2342 shall not preclude the use of con­
nections where it can be demonstrated by analysis based on generally recognized theory, full-scale 
or prototype loading test, studies of model analogues or extensive experience in use that the connec­
tions can perform satisfactorily in their intended end uses. 

2335.2 Stresses in Members at Connections. Structural members shall be checked for load-car­
rying capacity at connections in accordance with good engineering practice. 

2335.3 Eccentric Connections. Eccentric split ring connector, shear plate connector, bolt or lag 
screw connections that induce tension stress perpendicular to grain in the wood shall not be used 
unless appropriate engineering procedures or tests are employed in the design of such connections 
to ensure that all applied loads will be safely carried. Connections similar to those in Figure 23-III-1 
are examples of connections requiring appropriate engineering procedures or tests. 

2335.4 Design Values. 

2335.4.1 Single fastener connections. Parts I through VIII contain provisions for calculating 
nominal design values for various types of single fastener connections. Design values for connec­
tions in a given species apply to all grades of that species unless otherwise indicated. Nominal de­
sign values for bolts, lag screws, wood screws, nails and spikes are based on yield limit formulas 
which model the various failure modes that may occur in a connection (see Figure 23-III-22). 

2335.4.2 Multiple fastener connections. When a connection contains two or more fasteners of 
the same type or similar size, each of which exhibits the same yield mode, the total allowable design 
value for the connection shall be the sum of the allowable design values for each individual fastener. 

2335.4.3 Design of metal parts. Metal plates, hangers, fasteners and other metal parts shall be 
designed in accordance with accepted metal practices to resist failure in tension, shear, bearing 
(metal on metal), bending and buckling shear. When the capacity of a connection is controlled by 
metal strength, rather than wood strength, allowable metal strength shall not be multiplied by the 
modification factors in this standard. In addition, metal strength shall not be increased by wind and 
earthquake factors if design loads have already been reduced by load combination factors. 

2335.5 Adjustment of Design Values. 

2335.5.1 Applicability of modification factors. Nominal design values (Z, W) shall be multi­
plied by all applicable modification factors to determine allowable design values (Z', W'). Table 
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23-III-A specifies the modification factors which apply to nominal lateral design values (Z) and 
nominal withdrawal design values (W) for each fastener type. The actual load applied to a connec­
tion shall not exceed the allowable design value (Z', W') for the connection. 

2335.5.2 Load duration factor, CD. Nominal design values shall be multiplied by the load dura­
tion factors, Co :::::; 1.33, except when the capacity of the connection is controlled by metal strength 
(see Sections 2304.3.4 and 2335.4.3). The impact load duration factor shall not apply to connec­
tions. 

2335.5.3 Wet service factor, CM. Nominal design values are for connections in wood seasoned to 
a moisture content of 19 percent or less and used under continuously dry conditions, as in most cov­
ered structures. For connections in wood that is unseasoned or partially seasoned, or when connec­
tions are exposed to wet-service conditions in use, nominal design values shall be multiplied by the 
moisture content factors, CM, specified in Table 23-III-B. 

2335.5.4 Temperature factor, C1• Nominal design values shall be multiplied by the following 
temperature factors, Ct. for connections that will experience sustained exposure to elevated temper­
atures up to 150°F. (65.6°C.). 

TEMPERATURE FACTORS, C,, FOR CONNECTIONS 
IN-SERVICE MOISTURE 

CONDITIONS1 T ~ 100'F. (37.8'C.) 100'F. (37.8'C.),; T,; 125'F. (51.7'C.) 125'F. (51.7'C.) < T,; 150'F. (65.6'C.) 

Dry 1.0 0.8 0.7 
Wet 1.0 0.7 0.5 

1Wet and dry service conditions for connections are specified in Section 2335.5.3. 

2335.5.5 Fire-retardant treatment. Allowable design values for connections in lumber and 
structural glued-laminated timber pressure impregnated with fire-retardant chemicals shall be ob­
tained from the company providing the treatment and redrying service. The impact load duration 
factor shall not apply to connections in wood pressure impregnated with fire-retardant chemicals. 

2335.5.6 Group action factor, Cg. Nominal lateral design values for split ring connectors, shear 
plate connectors, bolts with D:::::; I inch (25.4 mm), or lag screws in a row shall be multiplied by the 
following group action factor, c

8
: 

C _ { m(l - m
2
") } {l +REA} 

8 - n[(l + REAm")(l + m) - I + m2"] l - m 

WHERE: 

m 

gross cross-sectional area of main member, square inch (mm2). 
sum of gross cross-sectional areas of side members, square inch (mm2). 
diameter of bolt or lag screw, inches (mm). 
modulus of elasticity of main member, pounds per square inch (psi) (N/mm2). 
modulus of elasticity of side members, psi (N/mm2). 

u-~ 
n = number of fasteners in a row. 

s 

u 

y 
y 
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E A E A 
the lesser of -·'-" or __!!!.__!!!. 

EmAm E .. As 

center-to-center spacing between adjacent fasteners in a row, inches (mm). 

l + y~(E,~m + E,~J 
load/slip modulus for a connection, pounds per inch (N/mm). 
500,000 pounds per inch (87 500 N/mm) for 4-inch (102 mm) split ring or shear plate con­
nectors. 
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y 400,000 pounds per inch (70 000 N/mm) for 21/z-inch (64 mm) split ring or 25/s-inch (67 
mm) shear plate connectors. 

y = (180,000)(Dl.5) [For SI: y = (246)(Dl.5)] for bolts or lag screws in wood-to-wood connec­
tions. 

y (270,000)(Dl.5) [For SI: y = (369)(Dl.5)] for bolts or lag screws in wood-to-metal connec­
tions. 

Group action factors for various connection geometries are provided in Tables 23-III-C, 
23-III-D, 23-III-E and 23-III-F. 

For determining group action factors, a row of fasteners is defined as any of the following: 

I. Two or more split ring or shear plate connector units, as defined in Section 2338.1.1, aligned 
with the direction of load. 

2. Two or more bolts of the same diameter loaded in single or multiple shear and aligned with the 
direction of load. 

3. Two or more lag screws of the same type and size loaded in single shear and aligned with the 
direction of load. 

When fasteners in adjacent rows are staggered and the distance between adjacent rows is less 
than one fourth the distance between the closest fasteners in adjacent rows measured parallel to the 
rows, the adjacent rows shall be considered as one row for purposes of determining group action 
factors. For groups of fasteners having an even number of rows, this principle shall apply to each 
pair of rows. For groups of fasteners having an odd number of rows, the most conservative interpre­
tation shall apply (see Figure 23-III-2). 

Gross section areas shall be used, with no reductions for net section, when calculating Am and As 
for determining group action factors. When a member is loaded perpendicular to grain, its equiva­
lent cross-sectional area shall be the product of the thickness of the member and the overall width of 
the fastener group. When only one row of fasteners is used, the width of the fastener group shall be 
the minimum parallel-to-grain spacing of the fasteners. 

SECTION 2336 - BOLTS 

2336.1 General. 

2336.1.1 Scope. This part covers detailed design considerations and limitations of bolted joints. 
Tabulated allowable bolt loads are the maximum for normal loading. Pertinent adjustments of 
stresses and provisions for lumber in Division I, except as otherwise provided in this division, apply 
likewise to the tabulated bolt loads given in this division. 

2336.1.2 Fabrication and assembly. Bolt holes shall be a minimum of 1/32 inch (0.8 mm) to a 
maximum of 1/ 16 inch (1.6 mm) larger than the bolt diameter. 

Careful centering of holes in main members and splice plates is assumed. Tight fit requiring forc­
ible driving of bolts is not allowed. 

A metal plate, metal strap, or washer not less than a standard cut washer shall be between the 
wood and the bolt head and between the wood and the nut. 

Bolt design values apply to connections with tight nuts and connections with loose nuts resulting 
from shrinkage of the wood members. 

The threaded portion of bolts subject to wood bearing shall be kept to a practical minimum. 

2336.2 Design Values for Single Shear Connections. 

2336.2.1 Wood-to-wood connections. For single shear (two member) wood-to-wood connec­
tions (see Figures 23-III-3 and 23-III-22) where: 
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1. The load acts perpendicular to the axis of the bolt. 

2. Edge distances, end distances and spacing are sufficient to develop full design values (see Sec­
tion 2336.5). 

The nominal bolt design values, Z, shall be the lesser of: 

Z = Dtm F,m 
4K19 

z = Dt,,F,,, 
4K19 

z = k 1 D t,,. F,., 
3.6K19 

Z = k2 D tm F,m 
3.2(1 + 2R,)Ke 

z = k3 D t, F,m 
3.2(2 + R,)Ke 

z = ....12!_ 
3.2K19 

WHERE: 

2 F,m F,.b 
3(1 + R,) 

jR, + 2R, 2(1 + R, + R, 2) + R, 2R, 3 - R,(l + R,) 

(1 + R,) 

k2 = - 1 + 

2(1 + R,) + 2Fyb(2 + R,)D2 

R, 3F,m t,, 2 

D nominal bolt diameter, inches (mm). 

MODE Im (36-1) 

MODE Is (36-2) 

MODE II (36-3) 

MODE IIIm (36-4) 

MODE Ills (36-5) 

MODE IV (36-6) 

Fern dowel bearing strength of main (thicker) member, pounds per square inch (N/mm2) (see 
Table 23-III-G). 

Fes dowel bearing strength of side (thinner) member, pounds per square inch (N/mm2) (see 
Table 23-III-G). 

Fvb bending yield strength of bolt, pounds per square inch (N/mm2). 

K 19 1 + 8max/360°. 

Re FemiFes 
R1 tml~,. 

tm thickness of main (thicker) member, inches (mm). 
ts thickness of side (thinner) member, inches (mm). 

8 =maximum angle of load to grain (0° ~ E> ~ 90°) for any member in a connection. 

When a main member is loaded at an angle to grain, the dowel bearing strength,F,19 , for the mem­
ber shall be determined as follows: 

F,IIF'.L 
F,e = -=F-s-:-i-n2=-e-::-~....:+:...._F----c-o-s-=-2 =e 

'II '.L 

(36-7) 
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E> = angle between direction of load and direction of grain (longitudinal axis of members). 
Tables 23-III-J and 23-III-L provide nominal design values for various single shear bolted con­

nections with wood side members. Nominal bolt design values, Z, shall be multiplied by all applica­
ble modification factors (see Table 23-III-A) to obtain allowable bolt design values, Z'. Design 
values for one species of wood shall be permitted to be used for other species having the same or 
higher dowel bearing strength, Fe (see Table 23-III-G). 

2336.2.2 Wood-to-metal connections. Nominal bolt design values, Z, for single shear 
(two-member) connections with metal side plates shall be the lesser of Formulas (36-1 ), (36-3), 
(36-4), (36-5) and (36-6), with Fes =bearing strength of the metal. Tables 23-III-K and 23-III-M 
provide nominal design values for various single shear bolted connections with steel side plates. 
Nominal bolt design values, Z, shall be multiplied by all applicable adjustment factors (see Table 
23-III-A) to obtain allowable bolt design values, Z'. Design values for one species of wood shall be 
permitted to be used for other species having the same or higher dowel bearing strength, Fe (see 
Table 23-III-G). 

Metal parts shall be designed in accordance with accepted metal practices (see Section 2335.4.3). 

2336.2.3 Wood-to-concrete connections. When a connection consists of one wood member at­
tached to concrete or masonry (single shear) by bolts embedded in concrete or masonry, the allow­
able bolt design value, Z', for a single shear wood-to-wood connection shall apply with: 

tm = 2~, = twice the thickness of wood member. 
Fern = Fes = dowel bearing strength of wood member. 

The concrete or masonry shall be of ample strength to support the applied load. 

2336.2.4 Load at angle to bolt axis. When the applied load in a single shear (two member) con­
nection is at an angle with the bolt axis, the bolt lengths in the two members shall be designated I 1 
and lz (see Figure 23-III-4). The component of the load acting at 90 degrees with the bolt axis shall 
not exceed the allowable design value, Z', for a connection in which two members at 90 degrees 
with the bolt axis have thicknesses ts = 1.,. and tm =1m. Ample bearing area under washers or plates 
shall be provided to resist the load component acting parallel to the bolt axis. 

2336.3 Design Values for Double Shear Connections. 

2336.3.1 Wood-to-wood connections. For double shear (three-member) wood-to-wood connec­
tions (see Figures 23-III-5 and 23-III-22) where: 

I. The load acts perpendicular to the axis of the bolt. 

2. Side members are of identical thickness and species. 

3. Edge distances, end distances and spacing are sufficient to develop full design values (see Sec­
tion 2336.5). 

The nominal bolt design values, Z, shall be the lesser of: 

Z = D lm F,m 
4K8 

z = D t, F,_. 
2K8 

z = k3 D t., F,m 
1.6(2 + R,)K8 

D2 
Z=--

1.6K8 

MODE Im (36-8) 

MODE Is (36-9) 

MODE Ills (36-10) 

MODE IV (36-11) 
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WHERE: 

in which k3 = - 1 + 2(1 + R,) + 2Fyb(2 + R,)D2 

R, 3F,m t.~ 

D nominal bolt diameter, inches (mm). 

1994 UNIFORM BUILDING CODE 

Fern dowel bearing strength of main (center) member, pounds per square inch (N/mm2) (see 
Table 23-III-G). 

Fes dowel bearing strength of side members, pounds per square inch (N/mm2) (see Table 
23-III-G). 

Fyh bending yield strength of bolt, psi (N/mm2). 

Ke 1 + Bmax/360°. 

Re FerniFes· 
trn thickness of main (center) member, inches (mm). 
~' thickness of side member, inches (mm). 

Bmax maximum angle of load to grain ( 0° $ e $ 90°) for any member in a connection. 

Tables 23-III-N and 23-III-P provide nominal design values for various double shear bolted con­
nections with wood side members. Nominal bolt design values, Z, shall be multiplied by all applica­
ble adjustment factors (see Table 23-III-A) to obtain allowable bolt design values, Z'. Design values 
for one species of wood shall be permitted to be used for other species having the same or higher 
dowel bearing strength, Fe (see Table 23-III-G). 

2336.3.2 Wood-to-metal connections. Nominal bolt design values, Z, for symmetric double 
shear (three-member) connections with metal side plates shall be the lesser of Formulas (36-8), 
(36-1 0) and (36-11 ), with Fes =dowel bearing strength of the metal. Table 23-III-0 provide nominal 
design values for various double shear bolted connections with steel side plates. Design values for 
one species of wood shall be permitted to be used for other species having the same or higher dowel 
bearing strength, Fe (see Table 23-III-G). 

Nominal bolt design values, Z, for symmetric double shear (three-member) connections with 
metal main members shall be the lesser of Formulas (36-9), (36-1 0) and (36-11 ), with Fern = dowel 
bearing strength of the metal. 

Metal parts shall be designed in accordance with accepted metal practices (see Section 2335.4.3). 

2336.4 Design Values for Multiple Shear Connections. For a connection with four or more 
members (see Figure 23-III-6), or for an asymmetric three-member connection, each shear plane 
shall be evaluated as a single shear connection in accordance with the provisions of Sections 
2336.2.1 and 2336.2.2. The nominal design value for the connection shall be the lowest nominal 
design value for any single shear plane, multiplied by the number of shear planes. 

2336.5 Placement of Bolts. 

2336.5.1 Terminology. Edge distance is the distance from the edge of a member to the center of 
the nearest bolt, measured perpendicular to grain. When a member is loaded perpendicular to grain, 
the loaded edge shall be defined as the edge toward which the load is acting. The unloaded edge 
shall be defined as the edge opposite the loaded edge (see Figure 23-III-7). 

End distance is the distance measured parallel to grain from the square-cut end of a member to the 
center of the nearest bolt (see Figure 23-III-7). 

Spacing is the distance between centers of bolts measured along a line joining their centers (see 
Figure 23-III -7). 

A row of bolts is defined as two or more bolts aligned with the direction of load (see Figure 
23-III-7). 
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2336.5.2 Geometry factor, Ct.. Nominal design values are for bolts with edge distance, end dis­
tance and spacing greater than or equal to the minimum required for full design value. When the end 
distance or spacing provided is less than the minimum required for full design value, nominal de­
sign values shall be multiplied by the smallest applicable geometry factor, Ct., determined from the 
end distance and spacing requirements for bolts (see Sections 2336.5.4 and 2336.5.5. The smallest 
geometry factor for any bolt in a group shall apply to all bolts in the group. For multiple shear con­
nections or for asymmetric three-member connections, the smallest geometry factor, Ct.. for any 
shear plane shall apply to all bolts in the connection. 

2336.5.3 Edge distance. Minimum edge distances for bolts loaded parallel or perpendicular to 
grain shall be as follows: 

EDGE DISTANCE REQUIREMENTS FOR BOLTS 
Direction of Loading 
Parallel to grain: 

when liD~ 6 
when liD> 6 

Perpendicular to grain: 

Minimum Edge Distance 

1.5D 
1.5D or 1/2 the spacing 
between rows, whichever 
is greater 

loaded edge 4D 
unloaded edge 1.5D 

The II D ratio used to determine the minimum edge distance shall be the lesser of: 

length of bolt in main member lm 
I. D D 

length of bolt in side member(s) l, 
2· D = D 
Designs with heavy or medium loads suspended below the neutral axis of a beam should be 

avoided (see Section 2335.3). 

2336.5.4 End distance. Minimum end distances for bolts loaded parallel or perpendicular to 
grain are provided in Table 23-III-H. 

When the actual end distance for parallel- or perpendicular-to-grain loading is greater than or 
equal to the minimum end distance for reduced design value, but less than the minimum end dis­
tance for full design value, the geometry factor, Ct., shall be determined as follows: 

actual end distance 
C"' = minimum end distance for full design values 

For loading at an angle to the bolt axis, the minimum shear area for full design value shall be 
equivalent to the shear area for a parallel member connection with minimum end distance for full 
design value (see Section 2336.5.1 and Figure 23-III-4). The minimum shear area for reduced de­
sign value shall be equivalent to one half the minimum shear area for full design value. When the 
actual shear area is greater than or equal to the minimum shear area for reduced design value, but 
less than the minimum shear area for full design value, the geometry factor, C "'' shall be determined 
as follows: 

actual shear distance 
C"' = minimum shear distance for full design values 

2336.5.5 Spacing between bolts in a row. Minimum spacing between bolts in a row for parallel 
or perpendicular to grain loading is provided in Table 23-III-I. 

When the actual spacing between bolts in a row for parallel- or perpendicular-to-grain loading is 
greater than or equal to the minimum spacing for reduced design value, but less than the minimum 
spacing for full design value, the geometry factor, C 6 , shall be determined as follows: 
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C = actual spacing 
"' minimum spacing for full design value 

1994 UNIFORM BUILDING CODE 

2336.5.6 Spacing between rows of bolts. Minimum spacing between rows of bolts for parallel­
or perpendicular-to-grain loading shall be as follows: 

SPACING REQUIREMENTS BETWEEN ROWS OF BOLTS 

Direction of Loading 
Parallel to grain 
Perpendicular to grain: 

when liD= 2 
when 2 <liD< 6 
when liD~ 6 

Minimum Spacing 
1.5D 

2.5D 
(51+ IOD)/8 
SD 

The liD ratio used to determine the minimum spacing between rows of bolts shall be the lesser of: 

I. length of bolt in main member _ lm 
D - D 

length of bolt in side member(s) l, 
2· D = 75 

The spacing between outer rows of bolts paralleling the member on a single splice plate shall not 
exceed 5 inches (127 mm) (see Figure 23-III-8). 

2336.5.7 Multiple bolts. When a connection contains two or more bolts the group action factor, 
Cg, shall be as specified in Section 2335.5.6 and the total allowable design value for the connection 
shall be as specified in Section 2335.4.2. 

Bolts should be staggered symmetrically in members loaded perpendicular to grain (see Section 
2335.5.6 for special design provisions when bolts are staggered). 

When a bolted connection is loaded at an angle to grain, the gravity axis of each member shall 
pass through the center of resistance of the group of bolts to ensure uniform stress in the main mem­
ber and a uniform distribution of load to all bolts. 

SECTION 2337 - LAG SCREWS 

2337.1 Scope. 

2337.1.1 General. Allowable loads for lag screws given in this standard are the maximum for 
normal loading. Pertinent adjustment of stresses and provisions of Division I for lumber, except as 
otherwise provided in this standard, apply likewise for loads for lag screws given in this standard. 

2337.1.2 Fabrication and assembly. Lead holes for lag screws shall be bored as follows: 

I. The clearance hole for the shank shall have the same diameter as the shank, and the same depth 
of penetration as the length of unthreaded shank. 

2. The lead hole for the threaded portion shall have a diameter equal to 65 percent to 85 percent of 
the shank diameter in wood with G > 0.6, 60 percent to 75 percent in wood with 0.5 < G :5; 0.6, and 40 
percent to 70 percent in wood with G :5; 0.5 (see Table 23-III-R) and a length equal to at least the 
length of the threaded portion. The larger percentile figure in each range shall apply to lag screws of 
greater diameters. 

Lead holes or clearance holes shall not be required for 3/s-inch (9.5 mm) and smaller diameter lag 
screws loaded primarily in withdrawal in wood with G :5; 0.5 (see Table 23-III-R), provided that 
edge distances, end distances and spacing are sufficient to prevent unusual splitting. 
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The threaded portion of the lag screw shall be inserted in its lead hole by turning with a wrench, 
not by driving with a hammer. 

Soap or other lubricant shall be used on the lag screws or in the lead holes to facilitate insertion 
and prevent damage to the lag screw. 

2337.2 Withdrawal Design Values. 

2337.2.1 Withdrawal from side grain. Table 23-III-S contains nominal withdrawal design val­
ues for a single lag screw inserted in side grain, with the lag screw axis perpendicular to the wood 
fibers. The withdrawal design value for a lag screw depends on the specific gravity of the species 
(see Table 23-III-R). Tabulated nominal design values, W, shall be multiplied by all applicable mod­
ification factors (see Table 23-III-A) to obtain allowable design values, W'. 

2337.2.2 End grain factor, Ceg· Lag screws should not be loaded in withdrawal from end grain. 
When this condition cannot be avoided, the tabulated nominal withdrawal design values, W, shall be 
multiplied by the end grain factor, Ceg = 0.75. 

2337.2.3 Tensile strength of lag screw. When lag screws are loaded in withdrawal, the allowable 
tensile strength of the lag screw at the net (root) section shall not be exceeded (see Section 
2335.4.3). 

2337.3 Lateral Design Values. 

2337.3.1 Wood-to-wood connections. For single shear (two-member) wood-to-wood connec­
tions (see Figure 23-III-22) where: 

1. The lag screw is inserted in the side grain of the main member with the lag screw axis perpen­
dicular to the wood fibers. 

2. Edge distances, end distances and spacing are sufficient to develop full design values (see Sec­
tion 2337.4). 

3. The depth of lag screw penetration in the main member is greater than or equal to the minimum 
penetration required for reduced design values. 

4. Lag screw thread length is as specified in Table 23-III-UU (for lag screws with thread length 
greater than that specified in Table 23-III-UU, nominal lateral design values shall be permitted to be 
determined using D = root diameter of threaded portion of lag screw). 

The nominal lag screw lateral design values, Z, shall be the lesser of: 

z = D t_. F,, 
4Ke 

z = k D ts F,m 
2.8(2 + R,)Ke 

z = vz 
3Ke 

WHERE: 

1.75 F,m Fvb 

3(1 + R,) 

D = unthreaded shank diameter of lag screw, inches (mm). 

MODE Is (37-1) 

MODE Ills (37-2) 

MODE IV (37-3) 

Fern = dowel bearing strength of main member (member holding point), pounds per square inch 
(N/mm2) (see Table 23-III-R). 

Fes 

Fvh 

dowel bearing strength of side member, pounds per square inch (N/mm2) (see Table 
23-III-R). 
bending yield strength of lag screw, pounds per square inch (N/mm2). 

k = - 1 + 
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Ke 1 + Bmax/360°. 

Re = FemiFes 
~f = thickness of side member, inches (mm). 
e maximum angle of load to grain (0° :5; e :5; 90°) for any member in a connection. 

When a member is loaded at an angle to grain, the dowel bearing strength, F, 9 , for the member 
shall be determined as follows: 

(37-4) 

WHERE: 
e = angle between direction of load and direction of grain (longitudinal axis of member). 

Table 23-III-T provides nominal lateral design values for various cut thread lag screw connec­
tions with wood side members. Nominal lag screw design values, Z, shall be multiplied by all appli­
cable adjustment factors (see Table 23-III-A) to obtain allowable lag screw design values, Z'. 
Design values for one species of wood shall be permitted to be used for other species having the 
same or higher dowel bearing strength, Fe (see Table 23-III-R). 

2337.3.2 Wood-to-metal connections. Nominal lag screw lateral design values, Z, for single 
shear (two-member) connections with metal side plates shall be the lesser of Formulas (37-2) and 
(37-3), with Fes =bearing strength of the metal. Table 23-III-U provides nominal lateral design val­
ues for various cut thread lag screw connections with steel side plates. 

Nominal lag screw design values, Z, shall be multiplied by all applicable adjustment factors (see 
Table 23-III-A) to obtain allowable lag screw design values, Z'. Design values for one species of 
wood shall be permitted to be used for other species having the same or higher dowel bearing 
strength, Fe (see Table 23-III-R). 

Metal parts shall be designed in accordance with accepted metal practices (see Section 2335.4.3). 

2337.3.3 Penetration depth factor, Cd. Nominal lag screw lateral design values are based on lag 
screw penetration (not including the length of the tapered tip) into the main member of approxi­
mately eight times the shank diameter, p = 8D. The minimum lag screw penetration into the main 
member for reduced design value shall be four times the shank diameter, Pmin = 4D. When 4D :5; p :5; 

8D, nominal lateral design values shall be multiplied by the following penetration depth factor: 

- p cd- SD :s t.o (37-5) 

2337.3.4 End grain factor, Ceg· When lag screws are inserted in the end grain of the main mem­
ber, with the lag screw axis parallel to the wood fibers, nominal lateral design values shall be deter­
mined in accordance with the provisions of Sections 2337.3.1 and 2337.3.2 with Fern = F, .L, and 
shall be multiplied by the end grain factor, Ceg = 0.67. 

2337.3.5 Combined lateral and withdrawal loads. When a lag screw is subjected to combined 
lateral and withdrawal loading, as when the lag screw is inserted perpendicular to the fiber and the 
load acts at an angle a (see Figure 23-III-9), the allowable design value shall be determined as fol­
lows: 

W'pZ' z I = =-:::----::--''----=:--:-7"""" 
a W'pcos 2 a + Z' sin2 a 

(37-6) 

WHERE: 
a angle between wood surface and direction of applied load. 

p = length of thread penetration in main member. 
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2337.4 Placement of Lag Screws. 

2337.4.1 Geometry factor, edge distance, end distance, spacing. Minimum edge distances, end 
distances, spacing and associated geometry factors, C ~· for lag screws shall be the same as for bolts 
with a diameter equal to the shank diameter of the lag screw (see Section 2336.5). 

2337.4.2 Multiple lag screws. When a connection contains two or more lag screws the group ac­
tion factor, c8, shall be as specified in Section 2335.5.6 and the total allowable design value for the 
connection shall be as specified in Section 2335.4.2. 

SECTION 2338 - SPLIT RING AND SHEAR PLATE CONNECTORS 

2338.1 General. 

2338.1.1 Terminology. A connector unit shall be defined as one of the following: 

I. One split ring with its bolt or lag screw in single shear (see Figure 23-III-1 0). 

2. Two shear plates used back to back in the contact faces of a wood-to-wood connection with 
their bolt or lag screw in single shear (see Figures 23-III-11 and 23-III-12). 

3. One shear plate with its bolt or lag screw in single shear used in conjunction with a steel strap or 
shape in a wood-to-metal connection (see Figures 23-III-11 and 23-III-12). 

2338.1.2 Quality of split ring and shear plate connectors. Design provisions and design values 
herein apply to split ring and shear plate connectors of the following quality: 

I. Split rings manufactured from SAE 1010 hot-rolled carbon steel. Each ring shall form a closed 
true circle with the principal axis of the cross section of the ring metal parallel to the geometric axis 
of the ring. The ring shall fit snugly in the precut groove. This may be accomplished with a ring, the 
metal section of which is beveled from the central portion toward the edges to a thickness less than 
at midsection, or by any other method which will accomplish equivalent performance. It shall be cut 
through in one place in its circumference to form a tongue and slot (see Figure 23-III-10). 

2. Shear plate connectors: 

2.1 Two and five-eighths-inch (66.7 mm) pressed-steel-type-Pressed steel shear plates 
manufactured from SAE 1010 hot-rolled carbon steel. Each plate shall be a true circle with 
a flange around the edge, extending at right angles to the face of the plate and extending from 
one face only, the plate portion having a central bolt hole, with an integral hub concentric 
to the hole or without an integral hub, and two small perforations on opposite sides of the 
hole and midway from the center and circumference (see Figure 23-III-11). 

2.2 Four-inch (101.6 mm) malleable-iron-type-Malleable iron shear plates manufactured ac­
cording to Grade 32510 of ASTM A 47. Each casting shall consist of a perforated round 
plate with a flange around the edge extending at right angles to the face of the plate and proj­
ecting from one face only, the plate portion having a central bolt hole with an integral hub 
extending from the same face as the flange (see Figure 23-III-12). 

Dimensions for typical split ring and shear plate connectors are provided in Table 23-III-VV. Di­
mensional tolerances of split ring and shear plate connectors shall not be greater than those con­
forming to standard practices for the machine operations involved in manufacturing the connectors. 

Bolts used with split ring and shear plate connectors shall conform to Section 2336.1. 

When lag screws are used in place of bolts, the lag screw shall conform to Section 2337.1 and the 
shank of the lag screw shall have the same diameter as the bolt specified for the split ring or shear 
plate connector (see Tables 23-III-W and 23-III-X). The lag screw shall have a cut thread, rather 
than a rolled thread. 

2338.1.3 Fabrication and assembly. The grooves, daps and bolt holes specified in Table 
23-III-VV shall be accurately cut or bored, and shall be oriented in contacting faces. Since split ring 
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and shear plate connectors from different manufacturers may differ slightly in shape or cross sec­
tion, cutter heads shall be designed to produce daps and grooves conforming accurately to the di­
mensions and shape of the particular split ring or shear plate connectors used. 

When lag screws are used in place of bolts, the hole for the unthreaded shank shall be the same 
diameter as the shank. The diameter of the hole for the threaded portion of the lag screw shall be 
approximately 70 percent of the shank diameter, or as specified in Section 2337.1.2. 

In installation of split ring or shear plate connectors and bolts or lag screws, a nut shall be placed 
on each bolt, and washers, not smaller than the size specified in Table 23-III-VV, shall be placed 
between the outside wood member and the bolt or lag screw head and between the outside wood 
member and nut. When an outside member of a shear plate connection is a steel strap or shape, the 
washer may be omitted, except when desirable to extend bolt or lag screw length to prevent the met­
al plate or shape from bearing on the threaded portion of the bolt or lag screw. 

Tabulated nominal design values for split ring and shear plate connectors are based on the as­
sumption that the faces of the members are brought into contact when the connector units are in­
stalled, and allow for seasonal variations after the wood has reached the moisture content normal to 
the conditions of service. When split ring or shear plate connectors are installed in wood which is 
not seasoned to the moisture content normal to the conditions of service, the connections shall be 
tightened by turning down the nuts periodically until moisture equilibrium is reached. 

2338.2 Design Values. 

2338.2.1 Tabulated nominal design values. Tables 23-III-W and 23-III-X contain design values 
for a single split ring or shear plate connector unit with bolt in single shear, installed in the side grain 
of two wood members with sufficient member thicknesses, edge distances, end distances, and spac­
ing to develop tabulated nominal design values. Tabulated nominal design values (P, Q) shall be 
multiplied by all applicable modification factors (see Table 23-III-A) to obtain allowable design 
values (P', Q'). 

Allowable design values (P', Q') for shear plate connectors shall not exceed the limiting design 
values specified in Footnote 2 of Table 23-III-X. The limiting design values in Footnote 2 of Table 
23-III-X shall not be multiplied by modification factors in this specification since they are based on 
strength of metal rather than strength of wood (see Section 2335.4.3). 

2338.2.2 Thickness of wood members. Tabulated nominal design values shall not be used for 
split ring or shear plate connectors installed in any piece of wood of a net thickness less than the 
minimum specified in Tables 23-III-W and 23-III-X. 

Design values for split ring or shear plate connectors installed in any piece of wood of net thick­
ness intermediate between the minimum thickness and that required for maximum design value, as 
specified in Tables 23-III-W and 23-III-X, shall be obtained by linear interpolation. 

2338.2.3 Penetration depth factor, Cd. When lag screws instead of bolts are used with split ring 
or shear plate connectors, tabulated nominal design values shall be multiplied by the appropriate 
penetration depth factor, Cd, specified in Table 23-III-Y. Lag screw penetration into the member 
receiving the point shall not be less than the minimum penetration for reduced design value speci­
fied in Table 23-III-Y. When the actual lag screw penetration into the member receiving the point is 
greater than the minimum penetration for reduced design value, but less than the minimum penetra­
tion for full design value, the penetration depth factor, Cd, shall be determined by linear interpola­
tion. The penetration depth factor shall not exceed unity, Cd ~ 1.0. 

2338.2.4 Metal plate factor, Cst· When metal side members are used in place of wood side mem­
bers, the tabulated nominal design values parallel to grain, P, for 4-inch (1 02 mm) shear plate con­
nectors shall be multiplied by the appropriate metal plate factor specified in Table 23-III-Z. 

The allowable design values parallel to grain, P', shall not exceed the limiting design values giv­
en in Footnote 2 of Table 23-III-X. 
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2338.2.5 Load at angle to grain. When a load acts in the plane of the wood surface at an angle to 
grain other than 0 degree or 90 degrees, the allowable design value, N', for a split ring or shear plate 
connector unit shall be determined as follows: 

P'Q' 
N' = -::::-:---:--::-::::--=-:::-:--::-= 

P' sin2 e + Q' cos2 e 
(38-1) 

WHERE: 
8 = angle between direction of load and direction of grain (longitudinal axis of member). 

Allowable design values at an angle to grain, N', for shear plate connectors shall not exceed the 
limiting design values specified in Footnote 2 of Table 23-III-X. 

2338.2.6 Split ring and shear plate connectors in end grain. When split ring or shear plate con­
nectors are installed in a surface that is not parallel to the general direction of the grain of the mem­
ber, such as the end of a square-cut member, or the sloping surface of a member cut at an angle to its 
axis, or the surface of a glued-laminated timber cut at an angle to the direction of the laminations, 
the following terminology shall apply: 

AXIS OF CUT is the direction of a sloping surface relative to the general direction of the wood 
fibers. For a sloping cut symmetrical about one of the major axes of the member, as in Figures 
23-III-13, 23-III-16, 23-III-17 and 23-III-18, the axis of cut is parallel to a major axis. For an asym­
metrical sloping surface (i.e., one that slopes relative to both major axes of the member), the axis of 
cut is the direction of a line defining the intersection of the sloping surface with any plane that is 
both normal to the sloping surface and also is aligned with the general direction of the wood fibers 
(see Figure 23-III-14). 

SIDE GRAIN SURFACE is a surface parallel to the general direction of the wood fibers (a= 0 
degree), such as the top, bottom and sides of a straight beam. 

SLOPING SURFACE is a surface cut at an angle, a, other than 0 degree or 90 degrees to the 
general direction of the wood fibers. 

SQUARE-CUT SURFACE is a surface perpendicular to the general direction of the wood fi­
bers (a = 90 degrees). 

N' a 

P' 

P' a 

Q' 

Q'a 

Q'9o 

a 

<I> 

= 

= 

allowable design value for a split ring or shear plate connector unit in a sloping surface, 
when direction of load is at an angle <)> from the axis of cut. 
allowable design value for a split ring or shear plate connector unit in a side grain surface, 
loaded parallel to grain (a= 0 degree,<)>= 0 degree). 

allowable design value for a split ring or shear plate connector unit in a sloping surface, 
loaded in a direction parallel to the axis of cut (0 degree< a< 90 degrees, <1> = 0 degree). 
allowable design value for a split ring or shear plate connector unit in a side grain surface, 
loaded perpendicular to grain (a= 0 degree, <1> = 90 degrees). 

allowable design value for a split ring or shear plate connector unit in a sloping surface, 
loaded in a direction perpendicular to the axis of cut (0 degree < a < 90 degrees, <1> = 90 
degrees). 
allowable design value for a split ring or shear plate connector unit in a square-cut surface, 
loaded in any direction in the plane of the surface (a= 90 degrees). 
the least angle formed between a sloping surface and the general direction of the wood 
fibers (i.e., the acute angle between the axis of cut and the general direction of the fibers). 
Sometimes called the slope of the cut. See Figures 23-III-13 through 23-III-18. 
the angle between the direction of applied load and the axis of cut of a sloping surface, 
measured in the plane of the sloping surface (see Figure 23-III-18). 

When split ring or shear plate connectors are installed in square-cut end grain or sloping surfaces, 
allowable design values shall be determined as follows (see Section 2335.4.2): 
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I. Square-cut surface; loaded in any direction (a= 90 degrees, see Figure 23-III-15). 

Q' 90 = 0.60 Q' 

2. Sloping surface, loaded parallel to axis of cut (0 degree< a < 90 degrees, <j> = 0 degree, see 
Figure 23-III-16). 

P' = P'Q'90 
a P'sin2a + Q' 90 cos2a 

3. Sloping surface; loaded perpendicular to axis of cut (0 degree < a < 90 degrees, <j> = 90 de­
grees, see Figure 23-III-17). 

Q' = Q'Q'9o 
a Q' sin2 a + Q' 9oCOS 2a 

4. Sloping surface; loaded at angle <j> to axis of cut (0 degree< a < 90 degrees, 0 degree< <j> < 90 
degrees, see Figure 23-III-18). 

2338.3 Placement of Split Ring and Shear Plate Connectors. 

2338.3.1 Terminology. Edge distance is the distance from the edge of a member to the center of 
the nearest split ring or shear plate connector, measured perpendicular to grain. When a member is 
loaded perpendicular to grain, the loaded edge shall be defined as the edge toward which the load is 
acting. The unloaded edge shall be defined as the edge opposite the loaded edge (see Figure 
23-III-19). 

End distance is the distance measured parallel to grain from the square-cut end of a member to the 
center of the nearest split ring or shear plate connector (see Figure 23-III-19). If the end of a member 
is not cut at right angles to its length, the end distance, measured parallel to grain from any point on 
the center half of the transverse connector diameter, shall not be less than the end distance required 
for a square-cut member. In no case shall the perpendicular distance from the center of a connector 
to the sloping end cut of a member be less than the required edge distance (see Figure 23-III-20). 

Spacing is the distance between centers of split ring or shear plate connectors measured along a 
line joining their centers (see Figure 23-III-19). 

2338.3.2 Geometry factor, C A" Tabulated nominal design values are for split ring and shear plate 
connectors with edge distance, end distance and spacing greater than or equal to the minimum re­
quired for full design value. When the edge distance, end distance or spacing provided is less than 
the minimum required for full design value, tabulated nominal design values shall be multiplied by 
the smallest applicable geometry factor, C A• determined from the edge distance, end distance and 
spacing requirements for split ring and shear plate connectors (see Section 2338.3.3). The smallest 
geometry factor for any split ring or shear plate connector in a group shall apply to all split ring and 
shear plate connectors in the group. 

2338.3.3 Edge distance. 

2338.3.3.1 Members loaded parallel or perpendicular to grain. Minimum edge distances and 
associated geometry factors, CA, for split ring and shear plate connectors installed in side grain and 
loaded parallel or perpendicular to grain are provided in Table 23-III-AA. When the actual loaded 
edge distance is greater than or equal to the minimum loaded edge distance for reduced design val­
ue, but less than the minimum loaded edge distance for full design value, the geometry factor, C A' 

shall be determined by linear interpolation. 
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2338.3.3.2 Members loaded at angle to grain. When members are loaded at an angle to grain, e, 
other than 0 degree or 90 degrees, the minimum loaded edge distances for reduced design value and 
the minimum unloaded edge distances in Table 23-III-AA shall apply for all angles of load to grain. 
Minimum loaded edge distances for full design value shall be determined as follows: 

1. When 45 degrees ~ 8 ~ 90 degrees, the minimum loaded edge distance for full design value for 
perpendicular-to-grain loading shall apply. 

2. When 0 degrees ~ 8 < 45 degrees, the minimum loaded edge distance for full design value 
shall be determined by linear interpolation between the minimum loaded edge distance for reduced 
design value and the minimum loaded edge distance for full design value for perpendicular-to-grain 
loading. 

When a member is loaded at an angle to grain, e, other than 0 degree or 90 degrees, the geometry 
factor, CLl, based on edge distance requirements shall apply to both the tabulated nominal parallel 
and perpendicular-to-grain design values (P, Q). 

2338.3.4 End distance. 

2338.3.4.1 Members loaded parallel or perpendicular to grain. Minimum end distances and 
associated geometry factor, CtJ., for split ring and shear plate connectors installed in side grain and 
loaded parallel or perpendicular to grain are provided in Table 23-III-AA. When the actual end dis­
tance is greater than or equal to the minimum end distance for reduced design value, but less than the 
minimum end distance for full design value, the geometry factor, CtJ., shall be determined by linear 
interpolation. 

2338.3.4.2 Members loaded at angle to grain. When members are loaded at an angle to grain, e, 
other than 0 degree or 90 degrees, minimum end distances for reduced design value and minimum 
end distances for full design value shall be determined by linear interpolation between tabulated 
end distances for parallel and perpendicular-to-grain loading. 

2338.3.5 Spacing. 

2338.3.5.1 Members loaded parallel or perpendicular to grain. Minimum parallel and perpen­
dicular-to-grain spacings and associated geometry factor, CtJ., for split ring and shear plate connec­
tors installed in side grain and loaded parallel or perpendicular to grain are provided in Table 
23-III-AA. When the line joining the centers of two adjacent split ring or shear plate connectors is at 
an angle to grain other than 0 degree or 90 degrees, the minimum spacing for reduced design value 
and the minimum spacing for full design value shall be determined in accordance with an approved 
graphical method. When the actual spacing between split ring or shear plate connectors is greater 
than the minimum spacing for reduced design value, but less than the minimum spacing for full 
design value, the geometry factor, C tJ.• shall be determined by linear interpolation. 

2338.3.5.2 Members loaded at angle to grain. When members are loaded at an angle to grain, 8, 
other than 0 degree or 90 degrees, the minimum spacing for reduced design value and minimum 
spacing for full design value shall be determined in accordance with an approved graphical method. 

2338.3.6 Split ring and shear plate connectors in end grain. The provisions for edge distance, 
end distance and spacing given in Sections 2338.3.3, 2338.3.4 and 2338.3.5 for split ring and shear 
plate connectors installed in side grain shall apply to split ring and shear plate connectors installed 
in square-cut surfaces and sloping surfaces as follows (see Section 2338.2.6 for definitions and ter­
minology): 

1. Square-cut surface, loaded in any direction-apply provisions for perpendicular-to-grain 
loading. 

2. Sloping surface with a from 45 degrees to 90 degrees, loaded in any direction-apply provi­
sions for perpendicular-to-grain loading. 

3. Sloping surface with a less than 45 degrees, loaded parallel to axis of cut-apply provisions for 
parallel-to-grain loading. 
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4. Sloping surface with a less than 45 degrees, loaded perpendicular to axis of cut-apply provi­
sions for perpendicular-to-grain loading. 

5. Sloping surface with a less than 45 degrees, loaded at angle <j> to axis of cut-apply provisions 
for members loaded at angles to grain other than 0 degree or 90 degrees. 

When split ring or shear plate connectors are installed in end grain, the members shall be de­
signed for shear parallel to grain in accordance with Division I. 

2338.3.7 Multiple split ring or shear plate connectors. When a connection contains: 

1. Two or more split ring or shear plate connector units of the same size installed in two or more 
contact faces with the split ring or shear plate connectors concentric with the same bolt axis, or 

2. Two or more split ring or shear plate connector units on separate bolts or lag screws, the group 
action factor, C11 , shall be as specified in Section 2335.5.6 and the total allowable design value for 
the connection shall be as specified in Section 2335.4.3. 

If grooves for two sizes of split rings are cut concentric in the same wood surface, split ring con­
nectors shall be installed in both grooves and the design value shall be taken as the design value for 
the larger split ring connector. 

SECTION 2339 - WOOD SCREWS 

2339.1 General. 

2339.1.1 Scope. For wood screw joints with stress-grade lumber and the wood screws defined in 
this standard, the provisions of this part and the tabulated values apply. 

2339.1.2 Fabrication and assembly. Lead holes for wood screws loaded in withdrawal shall 
have a diameter equal to approximately 90 percent of the wood screw root diameter in wood with 
G > 0.6, and approximately 70 percent of the wood screw root diameter in wood with 0.5 < G ~ 0.6 
(see Table 23-III-SS). The wood screw may be inserted without a lead hole in wood with G ~ 0.5 
(see Table 23-III-BB). 

Lead holes for wood screws loaded laterally shall be bored as follows: 

1. For wood with G > 0.6 (see Table 23-III-BB), the part of the lead hole receiving the shank shall 
have about the same diameter as the shank, and that receiving the threaded portion shall have about 
the same diameter as the screw at the root of the thread. 

2. For G ~ 0.6 (see Table 23-III-BB), the part of the lead hole receiving the shank shall be about 
seven eighths the diameter of the shank and that receiving the threaded portion shall be about seven 
eighths the diameter of the screw at the root of the thread. 

The wood screw shall be inserted in its lead hole by turning with a screwdriver or other tool, not 
by driving with a hammer. 

Soap or other lubricant shall be used on the wood screws or in the lead holes to facilitate insertion 
and to prevent damage to the wood screw. 

2339.2 Withdrawal Design Values. 

2339.2.1 Withdrawal from side grain. Table 23-III-CC contains nominal withdrawal design 
values for a single wood screw (cut thread or rolled thread) inserted in side grain, with the wood 
screw axis perpendicular to the wood fibers. The withdrawal design value for a wood screw de­
pends on the specific gravity of the species (see Table 23-III-BB). Tabulated nominal design values, 
W, shall be multiplied by all applicable modification factors (see Table 23-III-A) to obtain allow­
able design values, W'. 

2339.2.2 Withdrawal from end grain. Wood screws shall not be loaded in withdrawal from end 
grain of wood. 
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2339.2.3 Tensile strength of wood screws. When wood screws are loaded in withdrawal, the al­
lowable tensile strength of the wood screw at net (root) section shall not be exceeded (see Section 
2335.4.3). 

2339.3 Lateral Design Values. 

2339.3.1 Wood-to-wood connections. For single shear (two-member) wood-to-wood connec­
tions (see Figure 23-III-22) where: 

1. The wood screw is inserted in the side grain of the main member with the wood screw axis 
perpendicular to the wood fibers. 

2. The depth of wood screw penetration in the main member is sufficient to develop full design 
values (see Section 2339.3.3). The nominal wood screw lateral design values, Z, shall be the lesser 
of: 

Z = D t .. F,_, 
Kv 

z = kDt,,F,m 
Kv(2 + R,) 

Z = D2 
Kv 

WHERE: 

1.75 F,m F"b 
3(1 + R,) 

D unthreaded shank diameter of wood screw, inches (mm). 

MODE Is (39-1) 

MODE Ills (39-2) 

MODE IV (39-3) 

Fem = dowel bearing strength of main member (member holding point), pounds per square inch 
(N/mm2) (see Table 23-III-BB). 

Fes dowel bearing strength of side member, pounds per square inch (N/mm2) (see Table 
23-III-BB). 

Fvh bending yield strength of wood screw, pounds per square inch (N/mm2). 

k - 1 + 2(1 + R,) + Fyb(2 + R,)D2 

R, 2F,m fs 2 

Kv 2.2 forD~ 0.17 inch (4.3 mm). 
Kv IOD + 0.5 for 0.17 inch (4.3 mm) < D < 0.25 inch (6.4 mm) 

For SI: Kv = 0.38 D + 0.56 
Kv 3.0 forD~ 0.25 inch (6.4 mm) 

Re = FemiFes 
~r = thickness of side member, inches (mm). 

Table 23-III-DD provides nominal lateral design values, Z, for various cut thread wood screw 
connections with wood side members. Nominal wood screw design values, Z, shall be multiplied by 
all applicable modification factors (see Table 23-III-A) to obtain allowable wood screw design val­
ues, Z'. Design values for one species of wood shall be permitted to be used for other species having 
the same or higher dowel bearing strength, Fe (see Table 23-III-BB). 

2339.3.2 Wood-to-metal connections. Nominal wood screw lateral design values, Z, for single 
shear (two-member) connections with metal side plates shall be the lesser of Formulas (39-2) and 
(39-3) with Fes =dowel bearing strength of the metal. Table 23-III-EE provides nominal lateral de­
sign values, Z, for various cut thread wood screw connections with steel side plates. Nominal wood 
screw design values, Z, shall be multiplied by all applicable adjustment factors (see Table 23-III-A) 
to obtain allowable wood screw design values, Z'. Design values for one species of wood shall be 
permitted to be used for other species having the same or higher dowel bearing strength, Fe (see 
Table 23-III-BB). 
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Metal parts shall be designed in accordance with accepted metal practices (see Section 2335.4.3). 

2339.3.3 Penetration depth factor, Cd.. Nominal wood screw lateral design values are based on 
wood screw penetration into the main member of approximately seven times the shank diameter, 
p = 7 D. The minimum wood screw penetration into the main member for reduced design value 
shall be four times the shank diameter, Pmin = 4D. When 4D ~ p < 7 D, nominal lateral design values 
shall be multiplied by the following penetration depth factor: 

cd = Jv :5 1.0 (39-4) 

2339.3.4 End grain factor, Ceg· When wood screws are inserted in the end grain of the main 
member, with the wood screw axis parallel to the wood fibers, nominal lateral design values shall be 
multiplied by the end grain factor, Ceg = 0.67. 

2339.3.5 Combined lateral and withdrawal loads. When a wood screw is subjected to com­
bined lateral and withdrawal loading, as when the wood screw is inserted perpendicular to the fiber 
and the load acts at an angle (a) to the wood surface (see Figure 23-III-9), the allowable design val­
ue shall be determined as follows: 

Z'(W'p) 
Z' a (39-5) 

Z' sin2 a + (W'p)cos 2 a 

WHERE: 
p = length of thread penetration in main member. 

a = angle between wood surface and direction of applied load. 

2339.4 Placement of Wood Screws. 

2339.4.1 Edge distance, end distance and spacing. Edge distances, end distances and spacing 
for wood screws shall be sufficient to prevent splitting of the wood. 

2339.4.2 Multiple wood screws. When a connection contains more than one wood screw, the to­
tal allowable design value for the connection shall be as specified in Section 2335.4.2. 

SECTION 2340- NAILS AND SPIKES 

2340.1 General. 

2340.1.1 General provisions. The following provisions apply to common wire nails and spikes, 
box nails and threaded, hardened-steel nails and spikes. They should be used when the structural 
design depends on specific design values for each nail (engineered construction). Nail specifica­
tions for engineered construction should include the minimum lengths and diameters of the nails 
and spikes to be used. When designing connections which do not depend on specific design values 
for nails, the nailing schedules specified in an approved standard shall be permitted to be used. 

2340.1.2 Quality of nails and spikes. Common steel wire nails and spikes, box nails and threaded 
hardened-steel nails shall conform to the nominal sizes specified in Federal Specification FF­
N-1 05B. Tabulated diameters apply to fasteners before application of any protective coating. 

Threaded, hardened-steel nails and spikes covered herein are made of high carbon steel wire, 
headed, pointed, annularly or helically threaded, and heat treated and tempered to provide greater 
yield strength than for common wire nails of corresponding size. 

2340.1.3 Fabrication and assembly. Nominal design values herein apply to nailed and spiked 
connections either with or without bored holes. When a bored hole is required to prevent splitting of 
wood, the diameter of the bored hole shall not exceed 90 percent of the nail or spike diameter for 
wood with G > 0.6, or 75 percent of the nail or spike diameter for wood with G ~ 0.6 (see Table 
23-III-FF). 
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Toenails shall be driven at an angle of approximately 30 degrees with the member and started 
approximately one third the length of the nail from the member end (see Figure 23-III-21 ). 

2340.2 Withdrawal Design Values. 

2340.2.1 Withdrawal from side grain. Table 23-III-GG contains nominal withdrawal design 
values for a single nail or spike driven in the side grain of the main member with the nail or spike 
axis perpendicular to the wood fibers. The withdrawal design value for a nail or spike depends on 
the specific gravity of the species (see Table 23-III-FF). Tabulated nominal design values, W, shall 
be multiplied by all applicable modification factors (see Table 23-III-A) to obtain allowable design 
values, W'. 

2340.2.2 Withdrawal from end grain. Nails and spikes shall not be loaded in withdrawal from 
end grain of wood. 

2340.2.3 Toenail factor, Ctn· When toenailed connections are used, tabulated nominal withdraw­
al design values for the nails or spikes shall be multiplied by the toenail factor, C1n = 0.67. The mois­
ture content factor, CM, shall not apply for toenails loaded in withdrawal. 

2340.3 Lateral Design Values. 

2340.3.1 Wood-to-wood connections. For single shear (two-member) wood-to-wood connec­
tions (see Figure 23-III-22) where: 

l. The nail or spike is driven in the side grain of the main member with the nail or spike axis per­
pendicular to the wood fibers. 

2. The depth of nail or spike penetration in the main member is sufficient to develop full design 
values (see Section 2340.3.4). 

The nominal nail or spike lateral design values, Z, shall be the lesser of: 

Z = D t_, F,,, 
Ko 

z = k,DpF,m 
K0 (1 + 2R,) 

D2 
Z=­

Ko 

WHERE: 

2 F,m F"b 
3(1 + R,) 

D nail or spike diameter, inches (mm). 

MODE Is (40-1) 

MODE 11m (40-2) 

MODE Ills (40-3) 

MODE IV (40-4) 

Fern = dowel bearing strength of main member (member holding point), pounds per square inch 
(N/mm2) (see Table 23-III-FF). 

Fes 

Fyb 

Kv 
Kv 
Kv = 

dowel bearing strength of side member, pounds per square inch (N/mm2) (see Table 
23-111-FF). 
bending yield strength of nail or spike, pounds per square inch (N/mm2). 
2.2 forD~ 0.17 inch (4.3 mm). 
10D + 0.5 for 0.17 inch (4.3 mm) < D < 0.25 inch (6.4 mm) 
3.0 forD~ 0.25 inch (6.4 mm) 

k1 = - 1 + 
2Fyb(l + 2R,)D2 

2(1 + R,) + 3F 2 
emP 
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p penetration of nail or spike in main member (member holding point), inches (mm). 

Re FemiFes 
fs thickness of side member, inches (mm). 

Tables 23-III-HH, 23-III-II, 23-III-JJ and 23-III-KK provide nominal lateral design values, Z, for 
common nail connections with wood side members. Nominal nail and spike design values, Z, shall 
be multiplied by all applicable modification factors (see Table 23-III-A) to obtain allowable nail 
and spike design values, Z'. Design values for one species of wood shall be permitted to be used for 
other species having the same or higher dowel bearing strength, Fe (see Table 23-III-FF). 

2340.3.2 Wood-to-metal connections. Nominal nail and spike lateral design values, Z, for single 
shear (two-member) connections with metal side plates shall be the lesser of Formulas (40-2), 
(40-3) and (40-4) with Fes = dowel bearing strength of the metal. Tables 23-III-LL, 23-III-MM, 
23-III-NN and 23-III-00 provide nominal lateral design values for common nail connections with 
steel side plates. Nominal nail and spike design values, Z, shall be multiplied by all applicable ad­
justment factors (see Table 23-III-A) to obtain allowable nail and spike design values, Z'. Design 
values for one species of wood shall be permitted to be used for other species having the same or 
higher dowel bearing strength Fe (see Table 23-III-FF). 

Metal parts shall be designed in accordance with accepted metal practices (see Section 2335.4.3). 
These design provisions shall not preclude the use of wood-to-metal nailed connections where it 
can be demonstrated by full-scale or prototype loading tests that the connections can perform satis­
factorily in their intended end uses (see Section 2335.1 ). 

2340.3.3 Double shear wood-to-wood connections. Nominal nail and spike lateral design val­
ues, Z, for double shear (three-member) wood-to-wood connections with tm > 6D shall be two times 
the lesser of the smallest nominal design value, Z, determined from Formulas ( 40-1 ), (40-2), ( 40-3) 
and (40-4), for each shear plane. The penetration depth factor, Cd, shall apply based on nail penetra­
tion in the third member (see Section 2340.3.4), except that Cd = 1.0 when 12d or smaller nails ex­
tend at least three diameters beyond the side member and are clinched, and side members are at least 
3J8 inch (9.5 mm) thick. 

2340.3.4 Penetration depth factor, Cd. Nominal nail and spike lateral design values are based on 
nail or spike penetration into the main member of approximately 12 times the nail or spike diameter, 
p = 12D. The minimum nail or spike penetration into the main member for reduced design value 
shall be six times the nail or spike diameter, Pmin = 6D. When 6D 5. p < 12D, nominal lateral design 
values shall be multiplied by the following penetration depth factor: 

cd = I~D s; 1.0 (40-5) 

2340.3.5 End grain factor, Ceg· When nails or spikes are driven in the end grain, with the nail or 
spike axis parallel to the wood fibers, nominal lateral design values shall be multiplied by the end 
grain factor, Ceg = 0.67. 

2340.3.6 Diaphragm factor, Cdi. When nails or spikes are used in a diaphragm construction, 
nominal lateral design values shall be multiplied by the diaphragm factor, Cd; = 1.1. 

2340.3.7 Toenail factor, Ctn· When toenailed connections are used, nominal lateral design values 
shall be multiplied by the toenail factor, C1n = 0.83. 

2340.4 Placement of Nails and Spikes. 

2340.4.1 Edge distance, end distance and spacing. Edge distances, end distances and spacings 
for nails and spikes shall be sufficient to prevent unusual splitting of the wood. 

2340.4.2 Multiple nails or spikes. When a connection contains more than one nail or spike, the 
total allowable design value for the connection shall be as specified in Section 2335.4.2. 
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2341-2343.2.1 

2341.1.1 Scope. The following provisions apply to metal connector plates with extended teeth or 
plugs which are embedded into wood for the purpose of transferring load. Metal plates which de­
pend entirely on nails for load transfer may be designed under these provisions, or may be designed 
based on the nail provisions in Part VI and the metal requirements in Section 2335.4.3. 

2341.1.2 Quality of metal plate connectors. Metal plate connectors shall be of galvanized sheet 
steel meeting the requirements of Grade A, or better, as specified in ASTM A 446-89 and shall have 
the following minimum mechanical properties: 

Yield point . . . . . . . . . . . . . . . . . . . . 33,000 psi (227 N/mm2) 
Ultimate strength . . . . . . . . . . . . . . . 45,000 psi (31 0 N/mm2) 
Elongation in 2 inches (51 mm) .................... 20% 

2341.1.3 Size of metal plate connectors. Each metal plate connector shall be of sufficient size to 
transfer the required load without exceeding the allowable design value for the connector in wood, 
or the design requirements in tension or shear for the net section of the metal plate (see Section 
2335.4.3). 

2341.2 Design values for metal plate connectors. 

2341.2.1 Tests for design values. Tests to determine design values for metal plate connectors 
shall be conducted in accordance with an approved test method. The design value for normal load 
duration shall be determined by dividing the test load at wood-to-wood slip of 0.03 inch (0.8 mm) 
by 1.6, or by dividing the ultimate test load by 3.0, using the smaller of the two values as the design 
value. Design values determined in accordance with these test procedures shall be multiplied by all 
applicable modification factors (see Table 23-III-A) to obtain allowable design values. 

2341.2.2 Different species of wood. Design values determined for one species of wood may be 
used for other species having the same or lower specific gravity (see Table 23-III-FF). 

SECTION 2342 - MISCELLANEOUS FASTENERS 

2342.1 Drift Bolts and Drift Pins. 

2342.1.1 Withdrawal design values. Drift bolt and drift pin connections loaded in withdrawal 
shall be designed in accordance with good engineering practice. 

2342.1.2 Lateral design values. Allowable lateral design values for drift bolts or drift pins driven 
in the side grain of wood shall not exceed 75 percent of the allowable lateral design values for com­
mon bolts of the same diameter and length in main member (see Section 2336.2). Additional pene­
tration of pin into members should be provided in lieu of the washer, head and nut on a common bolt. 

2342.2 Spike Grids. Wood-to-wood connections involving spike grids for load transfer shall be 
designed in accordance with good engineering practice. 

SECTION 2343 - LIGHT METAL PLATE CONNECTED WOOD TRUSS DESIGN 

2343.1 Scope. This standard, based on Design Specification for Light Metal Plate Connected 
Wood Trusses, TPI-85 of the Truss Plate Institute, shall cover requirements for the manufacture of 
light metal plate connectors and the design and fabrication of metal plate connected wood trusses in 
accordance with Division I. 

2343.2 Materials. 

2343.2.1 Lumber. Species and grades of lumber shall be clearly defined for each member of the 
truss. Design stresses used shall conform to the working stresses published in Division I. 
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2343.2.2.1 General. Metal connector plates shall be fabricated from galvanized steel sheet con­
forming to the requirements established for A446, Grade A, in U.B.C. Standard 22-1 or any higher 
grade of steel. 

2343.2.2.2 Plate marking. Whenever separately applied nails or fasteners are to be used with a 
plate, the plate shall be provided with some positive means to indicate the locations of the separate 
fasteners used. 

2343.2.2.3 Manufacturing tolerances. All connector plates shall be manufactured with all 
holes, plugs, teeth or prongs uniformly spaced and properly formed. 

2343.2.2.4 Identification. All plates shall be identified by the plate manufacturer's name. 

2343.3 Heel Joint Designs. The effects of eccentric loading shall be considered in the design of 
heel joints. For roof trusses spaced not more than 24 inches (61 0 mm) on center and spanning not 
more than 35 feet (1 0 668 mm), heel joint connector plates may be designed with sufficient capacity 
to resist the direct axial stresses imposed on both top and bottom chord members by their respective 
nail, tooth or plug groups using the reduced allowable connector loads for eccentric loading as 
shown in Table 23-III-PP. 

2343.4 Connector Plate Evaluation. 

2343.4.1 Lateral load evaluation. 

2343.4.1.1 General. Basic normal load values for use in designing wood joints using metal 
connector plate, per tooth or nail, plug or square inch or other unit shall be determined in accordance 
with the test procedure described herein. This procedure is based on the proportional limit value at 
0.015-inch (0.4 mm) slip, with a further limitation based on the factor of safety at ultimate load. 
Figure 23-III-23 details the limits for dimensions of the test specimens and alternate test 
arrangements. Critical slip of 0.015 (0.4 mm) inch is measured from connector plate to each active 
wood member. 

2343.4.1.2 Wood test specimens. Test specimens shall be fabricated from clear wood specimens 
having a moisture content of not less than 11 percent or more than 19 percent. Specimens shall be 
commercially available grades of the species of wood intended to be used in the trusses to be fabri­
cated using the connectors. A range of ring counts and specific gravities shall be used in the test 
specimens and these properties of the test specimens shall be recorded with other test data. Five 
specimens of each of three species shall be tested. Two of the three species may be from the same 
species group of Table 23-III-QQ. Test specimens shall be cut and matchmarked so that the connec­
tor interacts with wood of substantially equal characteristics on each side of the test joint. These five 
specimens shall be referred to as "uncycled" specimens. 

2343.4.1.3 Aging. To simulate the effects of aging and cycling of moisture content, five addition­
al specimens of each species, matching those described in Section 2343.4.1.2, shall be subject to an 
accelerated change in moisture content and shall be referred to as "cycled" specimens. The mois­
ture-cycling procedure shall require that specimens be fabricated at not less than 17 percent mois­
ture content. Specimens shall then be dried to 7 percent moisture content within five days and shall 
be tested at a moisture content of not less than 10 percent. Results shall be compared with those 
obtained from the "uncycled" specimens referred to in Section 2343.4.1.2 above. 

2343.4.1.4 Methods of test. Each tensile specimen shall be tested to failure in a calibrated testing 
machine by an approved independent testing agency. Test specimen arrangement may be either 
two-dial or four-dial setup as shown in Figure 23-III-23. Certification of calibration of the testing 
machine shall be made available on request. The test shall be conducted to achieve maximum load 
in about 10 minutes, but reach maximum load in not less than five or more than 20 minutes. A rate of 
motion of the movable crosshead of 0.035 inch (0.9 mm) in one minute, ±50 percent will usually 
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permit reaching maximum load in the prescribed time. Record the speed used. Readings shall be 
taken so as to obtain not less than three increments of load before the proportional limit slip of 0.030 
inch (0.8 mm) (wood to wood) has been reached. Readings shall include total load applied and 
amount of slip indicated by each dial gage. Applications of load shall continue at the original rate of 
application until failure occurs. Type of failure shall be noted for each specimen. 

2343.4.1.5 Evaluation of test result. The basic normal plate value per tooth, nail, plug or square 
inch shall be the least of the values determined as follows: 

1. The uncycled proportional limit slip divided by 1.6; 

2. The cycled proportional limit slip divided by 1.33; 

3. The uncycled ultimate load at failure divided by 4.0; or 

4. The cycled ultimate load at failure divided by 3.33. 

2343.4.2 Net section. 

2343.4.2.1 General. Five perforated truss plates of each plate width shall be selected randomly 
from production. In addition, five solid plates shall be taken from the stock steel coil utilized to 
make the perforated plates. 

The width and thickness of each specimen shall be measured to the nearest 0.001 inch (0.03 mm) 
and recorded before testing. 

2343.4.2.2 Procedure. Tension tests on the solid plates shall be made and the ultimate load shall 
be recorded for each specimen. 

Tension tests of the perforated truss plate shall be made by adequately clamping a single truss 
plate in a testing machine and holding it in place by a system so that universal movement of the test 
specimen is allowed. 

The ultimate load shall be recorded for each specimen. 

2343.4.2.3 Ultimate tensile strength. The cross-sectional area shall be computed for each speci­
men and divided into the ultimate load for each specimen. This value will be the ultimate tensile 
stress in pounds per square inch (N/mm2). 

The ultimate tensile stress shall be averaged for the perforated truss plates and for solid steel 
plates. 

2343.4.2.4 Efficiency ratio. The efficiency ratios shall be computed by dividing the average solid 
plate tensile stress into the average perforated plate tensile stress. 

This efficiency ratio, when multiplied by the basic design value of steel, times the total cross-sec­
tional area of the plate, yields the maximum safe load that may be carried by the truss plate net sec­
tion in tension. 

2343.5 Full-scale Load Tests. 

2343.5.1 General. Full-scale load tests may be required at the option of the building official to 
verify the deflection and ultimate load or both characteristics of wood trusses at crucial spans. Any 
new type of connector system shall be substantiated by full-scale load tests of at least three substan­
tially different designs to establish performance characteristics. Load tests shall be furnished on the 
longest span or most critical of each distinct series, configuration or type of unit. All tests shall con­
form to the requirements set forth herein and all test trusses shall be truly representative of the pro­
duction and design. 

Whenever possible, load testing shall be conducted under cover. When this is not possible or fea­
sible, adequate weather protection shall be furnished to prevent adverse effects of moisture on the 
wood trusses and to prevent variation of the load caused by the absorption of water by the loading 
units. Loading units shall be separated to prevent the possibility of arch action. 
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Trusses may be tested in pairs or singly; however, in either case a minimum of three units would 
be tested when done singly; three setups when done in pairs. 

Trusses shall be fabricated at least one week prior to testing. 

2343.5.2 Testing in pairs. The test units shall be supported on firm stable reactors. They shall be 
spaced at the spacing for which they were designed. Experience has shown that properly securing 
the trusses to the reactors is recommended for safety. Use of strapping or metal framing connectors 
is suggested to resist tipping of the units during the load application. The top chords shall be 
sheathed with 4- to 6-foot ( 1219 mm to 1829 mm) lengths of any of the generally accepted sheath­
ing materials (boards, plywood, reconstituted panel products, etc.). In any case, each piece shall be 
separated at least 118 inch (3.2 mm). A recommended practice is to use cross-bracing between the 
trusses to stabilize the setup; however, the trusses shall not be braced by tying the setup to adjacent 
permanent supports or other supports which may affect the free deflection of the trusses. 

Deflection readings shall be taken and recorded for each truss as required for the purpose of the 
tests. For laboratory and investigative testing, it may be necessary to record deflection at all panel 
points, at the center of the trusses and at the midpoint of each lower chord panel, and at other loca­
tions that may be specified. Deflection readings may be averaged between each pair of trusses at 
corresponding locations. 

Deflection measurements may be taken by any one of several methods; however, experience has 
shown that more accuracy is obtained when the gauges are independent of the support reactions. 
This is best accomplished by line scale and mirror arrangement. The line is supported on free-roll­
ing bearings and kept under tension by means of weights. When the tests are conducted where tem­
perature conditions change, using a braided fish line is recommended. Under controlled laboratory 
conditions, piano wire or monofilament line will suffice. Deflector readings are taken by reading on 
the scale which is attached to the truss adjacent to the line. Adjusting the eye position so that the line 
covers its image in the mirror removes parallax from the scale reading. Scale readings may then be 
referenced to either the top or bottom edge of the line. Dial gauges may be used to measure 
deflection; however, a precise measurement must be taken of settlement at the supports. 

The other deflection readings are then subject to correction for settlement. 

2343.5.3 Testing singly. The trusses (a minimum of three trusses) may be tested as single units in 
either a vertical or horizontal position in a properly designed test facility. The loads may be applied 
uniformly or at concentrated points along the chords. Wood strips may be attached along the top 
chords, or frictionless brackets or attachments may be used to prevent the load brackets from slip­
ping down the top chords on steep-sloped trusses. 

Deflection measurements shall be similar to the procedures described in Section 2343.5.2. 

2343.5.4 Load-deflection test procedures. Apply one-half design load and hold for five 
minutes. This application allows the truss to be settled and provides an opportunity for checking 
alignment, equipment positioning and overall setup. This initial preliminary load shall be removed 
and deflection readings taken within five to 10 minutes. The design dead load is then applied, and 
after a minimum hold period of five minutes, the deflection readings are taken. Optionally, this dead 
load may be left in place 24 to 48 hours to establish a basic dead load position. 

With the dead load applied, increase the load to one-fourth, one-half, three-fourths and full de­
sign live load. Apply the incremental loads at a uniform rate of loading with a minimum of five 
minutes hold at each increment. In any event, a minimum of 15 minutes is required to reach design 
live load. 

Continue to load the truss incrementally in quarter live load units to dead load plus 2.0 times the 
design live load. The truss shall sustain this loading for at least 30 minutes without exceeding a de­
flection of 4-1180 or L_,/120, respectively, for plaster and drywall ceilings. 

Remove all live load and, within 30 minutes, the truss must recover to a position of 4-/360 or 
4-1240, respectively, relative to basic dead load. If deflections due to the loads of preceding para-
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graph remain within 4/360 or Ls/240, respectively, the loading may be increased per Section 
2343.5.5 without removing the live load. 

NOTE: With single truss test using hydraulic cylinders, the dead load may be partially removed so the 
cylinders retract properly. Then immediately return to basic dead load. 

2343.5.5 Load to failure test. Load to failure tests as herein described may be desired after the 
above load deflection test has been completed. 

If Section 2343.5.4 has been satisfied, continue loading in one-fourth load increments at 
five-minute intervals or longer at manufacturer's option, until failure occurs. At basic dead load 
plus 3.0 times design total load, the truss shall sustain the load for five minutes. 

2343.5.6 Reporting test results. The written report shall include method and location of testing 
and personnel performing tests. The report shall include the lumber grades, lumber moisture 
content at time of tests, plate type and size at each location. A detailed drawing of the truss, pictures 
of the setup and failure location, if it occurred, is required. 

2343.6 Marking. Each truss shall be legibly branded, marked or otherwise have permanently af­
fixed thereto the following information located within 2 feet (61 0 mm) of the center of the span on I 
the face of the bottom chord: 

1. Identity of the company manufacturing the truss. 

2. The design load. 

3. The spacing of trusses. 

2343.7 Fabrication Quality. 

2343.7.1 General. This section shall be used in conjunction with an in-plant quality assurance 
procedure and an engineered truss design. Truss manufacturers and inspection agencies shall estab­
lish filing methods which document the proper application of quality assurance procedures 
throughout the manufacturing and inspection process. 

2343.7.2 Engineering. Truss engineering is an essential part of the quality assurance procedure. 
Truss engineering and a certificate of compliance as per Section 170 I. 7, shall be provided for every I 
structural truss setup manufactured. 

Truss engineering design shall include reference to the design criteria used, lumber require­
ments, plating requirements, design loading, adjustments to metal connector plate and lumber de­
sign values and truss engineer's registered seal. 

2343.7.3 Lumber. 

2343.7.3.1 Grade, size and species. Truss lumber shall be the grade, size species specified by the 
design engineer. Truss lumber of a higher stress grade of the same size and species combination may 
be substituted for the stress grade, size and species combination specified by the design engineer. 
Manufactured lumber may be approved within the appropriate jurisdiction. Changes in size and/or 
species or conversion to manufactured lumber shall require additional analysis by the design engi­
neer to provide equivalency. Grademarks and/or other identification shall be preserved as much as 
possible during the manufacturing process for verification in the complete truss unit. 

2343.7.3.2 Moisture content. All lumber, including pressure-treated lumber, used in the man­
ufacture of wood trusses shall have a moisture content (MC) of less than or equal to 19 percent at 
time of fabrication, unless engineering design specifically states that the moisture content may be 
higher. If green lumber (over 19 percent MC) is used, the engineering design shall clearly show that 
lumber values were reduced for higher moisture content. Basic plate design values shall be reduced 
20 percent when the plates are to be installed in lumber having a moisture content greater 19 percent 
at time of fabrication. Pressure-preservative-treated lumber shall bear the quality mark of an ap­
proved inspection agency which maintains continued supervision, testing and inspection over the 
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treating and redrying of the lumber product. The quality mark shall indicate the material has been 
treated and redried to 19 percent MC or less. 

2343.7.3.3 Characteristics. Lumber shall not have characteristics which would interfere with 
the proper placement of metal connector plates, or the fabrication of uniformly consistent trusses. 

2343.7.3.4 Fire retardants. Lumber pressure impregnated with fire-retardant chemicals shall be 
identified by the quality mark of a code-approved inspection agency which maintains continued 
supervision, testing and inspection over the quality of the treatment and drying process and design 
value adjustments. The quality mark shall indicate the material has been treated and redried to 19 
percent MC or less, and in conformance to those procedures established by the manufacturer which 
were used in the evaluation and qualification of that treatment. The quality shall indicate that the 
design value adjustments are in accordance with U.B.C. Standard 23-6. 

2343.7.4 Special markings. 

2343.7.4.1 Installation. Bottom chord bearing parallel chord trusses shall be clearly marked in a 
manner which will avoid inverted installation and shall permit visual verification of proper orienta­
tion after installation. 

2343.7.4.2 Bearing locations. Trusses having bearing locations other than at the end of heel loca­
tions shall have bearing points clearly marked in a manner which permits verification during and 
after installation. 

2343.7.4.3 Lateral bracing. All truss chord and web members which require special lateral brac­
ing to prevent lateral buckling (such as, but not limited to, top chords of piggy-back trusses, long 
compression webs and bottom chords at cantilevers) due to engineering analysis shall be clearly 
marked to call attention to the need for such field bracing during and after installation. 

2343.7.4.4 Alternatives. In lieu of marking trusses, it shall be acceptable to document the loca­
tion of special bearing conditions, permanent bracing and orientation of trusses by means of engi­
neering drawings, erection plans and/or special details. 

2343.7.5 Plating. 

2343.7.5.1 Tests. Metal connector plates used in the manufacture of wood trusses shall be man­
ufactured and evaluated in accordance with Section 2343.4. Metal connector plates used in the 
manufacture of wood trusses shall be of the gauge, type and minimum size specified by the truss 
design engineer. Substituting larger metal connector plates is acceptable per the provisions of Sec­
tions 2343.7.5.7 and 2343.7.8. 

2343.7.5.2 Positioning. The metal connector plate sizes shall be determined by engineering anal­
ysis; metal connector plates shall be placed on both faces of the truss at each joint and positioned in 
accordance with the engineered design dimensions. The positioning shall be defined in either of 
two ways: 

1. Symmetrical positioning (as shown in Figure 23-III-24). 

2. Nonsymmetrical positioning (as shown in Figure 23-III-25). 

2343.7.5.3 Effective metal connector plate contact area. The engineer-specified metal connec­
tor plate positioning and metal connector plate contact area is developed with the provision that 10 
percent of the specified metal connector plate contact area is ineffective due to metal connector 
plate misplacement, partial embedment, tooth flattening, gaps between joined members and on­
grade lumber characteristics (knots, wane, pitch pockets and holes). 

2343.7.5.4 The 10 percent rule. The 10 percent area rule is derived from a manufacturing adjust­
ment factor used in the establishment of basic allowable design properties for metal connector plate 
teeth stressed in lateral withdrawal. The derivation of allowable metal connector plate properties is 
referenced in Section 2343.4. 
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2343.7.5.5 Combinations. To assess a plated connection for sufficient (90 percent or better) clear 
wood-plate contact area, the following manufacturing characteristics (knots, wane, pitch pockets, 
holes, gaps and metal connector plate misplacement) can be found in combination in the metal con­
nector plate contact area. These characteristics shall not reduce the engineer-specified metal con­
nector plate contact area by more than 10 percent. 

2343.7.5.6 Tolerances. The allowable tolerance for metal connector plate positioning shall be as 
shown in Figure 23-III-26. The tolerance shall apply to the nearside metal connector plate, provided 
the far-side metal connector plate is positioned without variance. Tolerances shall be halved if the 
near- and far-side metal connector plates are equally mislocated. The metal connector plate location 
tolerance shown in Figure 23-III-26 is a field air calibrated to the 10 percent area rule and shall ap­
ply to the metal connector plate misplacement characteristic only. Joints that exhibit knots, wane, 
pitch pockets, holes and gaps in addition to metal connector plate misplacement shall not use Figure 
23-III-26. The 10 percent rule for these characteristics in combination shall apply. Increased metal 
connector plate sizes may be used to increase placement tolerances, provided Sections 2343.7.5.7 
and 2343.7.8 is followed. 

2343.7.5.7 Overplating. A metal connector plate with larger dimensions in one or both directions 
and of the same type and gauge may be substituted for the specified size, provided its placement 
does not interfere with other design aspects or the function of the truss as shown in Figure 23-III-27. 

2343.7.5.8 Storage and handling. Metal connector plates shall be protected from damage during 
storage and shall be in an undamaged condition when they are used. Trusses shall be adequately 
plated to prevent damage during manufacturing and delivery. 

2343.7.5.9 Tooth flattening. Metal connector plates showing visible evidence of flattening of 
more than 5 percent of the teeth for each connected member shall not be acceptable unless approved 
by the design engineer. Flattening is defined as one fourth of tooth length or greater than is visible 
within the tooth opening as shown in Figure 23-III-28. The 5 percent evidence of flattening is a 
maximum tolerance as it pertains to the 10 percent rule; it shall not be used in combination with any 
other manufacturing characteristics (see Section 2343.7.8). 

2343.7.6 Assembly. 

2343.7.6.1 Accuracy. Trusses shall have wood members that are accurately cut, so that assembly 
into the design configuration will result in wood-to-wood bearing between truss wood members at 
the interface, and uniformity between completed, similarly designed truss units. The location of 
chords, webs and joints shall be as specified in the engineered design. 

2343.7.6.2 Splices. More than one splice in a panel is not permitted. 

2343.7.6.3 Cutting. Members shall be cut in accordance with the design specifications. 

2343.7.6.4 Tolerances. Truss manufacturing tolerances resulting from engineering design 
specifications shall not exceed the variance shown in Table 23-III-RR. 

2343. 7.6.5 Gaps. Trusses shall have close-fitting wood members at every joint. Gaps in joints re­
sulting from inaccuracies in cutting and assembly shall be limited to no more than two joints or 20 
percent of the total number of joints, whichever is greater. 

2343.7.6.6 Repair. Correction of gaps exceeding the tolerances in Section 2343.7.6.4 are shown 
in Section 2343.7.8. 

2343.7.6.7 Camber. Truss camber shall be provided as specified in the engineered design. 

2343.7.6.8 Plating over lumber characteristics. Plating over off-grade knots or other lumber 
characteristics between panel points and other joints (splices) to strengthen or reinforce the wood 
member is not permitted unless so specified by the truss engineer. Such plating requirements shall 
conform to Sections 2343.7.6.9 and 2343.7.8. 
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2343.7.6.9 The 10 percent rule. On-grade lumber characteristics, such as knots, wane, pitch 
pockets, holes and gaps, in the metal connector plate area shall be permitted provided such charac­
teristics do not affect more than 10 percent of the minimum engineer-required metal connector plate 
area or required number of effective teeth in the affected member. Required area of effective teeth 
calculations are shown in Figure 23-III-32. 

2343.7.6.10 Embedment. All trusses shall have fully embedded metal connector plates at every 
joint. The bottom surface of the metal connector plates shall be in firm contact with the wood sur­
faces. The embedment tolerance shall not exceed a gap of no greater than 10 percent of the tooth 
length, or 1 I 16 inch ( 1.6 mm), whichever is greater, for no more than one third of the minimum re­
quired metal connector plate contact area, for each member as shown in Figures 23-III-33 and 
23-III-34. However, no less than two thirds of the minimum required metal connector plate contact 
area for each member shall be in firm contact with the wood. Tooth length is measured from the tip 
of the tooth to the nearest face of the metal connector plate from which it is formed. If a metal con­
nector plate has more than one length of teeth, the shortest tooth length shall be used. The metal 
connector plate embedment tolerance as shown in Figures 23-III-33 and 23-III-34 is a maximum 
tolerance as it pertains to the 10 percent rule; it shall not be used in combination with any other man­
ufacturing characteristics. 

2343.7.6.11 Rejection. More than one maximum allowable tolerance in any given joint shall be 
cause for rejection of that joint. 

2343.7.6.12 Splitting. Excessive splitting in any wood member by the metal connector plate teeth 
shall not be acceptable. Splits resulting from the manufacturing process shall not exceed those per­
mitted for the grade and species of lumber used. 

2343.7.6.13 Documentation. Fabrication inaccuracies exceeding the allowable tolerances are 
acceptable per the provisions of Sections 2343.7.8, 2343.7.9 and 2343.7.10, and/or upon approval 
and follow-up documentation by a registered engineer. Any necessary repair authorization shall be 
documented by a registered engineer subject to the approval of the building official. 

2343.7.7 Handling. 

2343.7.7.1 Structural integrity. Trusses shall not be subjected to any external force effect during 
manufacturing, packaging, storage and delivery which may impair their structural integrity. 

2343.7.7.2 Fire-retardant-treated lumber. Fire-retardant-treated (FRT) lumber shall not be 
subjected to impact load which may impair the structural integrity of the trusses manufactured from 
FRT lumber. 

2343.7.8 Overplating. 

2343.7.8.1 Prior to plating. Embedment areas prior to plating that exhibit any combination of 
knots, wane, pitch pockets, holes and gaps shall be evaluated to determine if the engineer-specified 
metal connector plate size per member has 90 percent or better of clear wood contact area. A metal 
connector plate with larger dimensions as shown in Figures 23-III-27 and 23-III-35 in one or both 
directions and of the same type and gage may be substituted for the specified size to achieve 90 
percent or better of the specified clear wood-plate contact area. This check applies to all joints; how­
ever, certain joints exhibiting gaps as defined in Section 2343.7.9 shall require shimming in addi­
tion. 

2343.7.8.2 Embedded metal connector plates. Embedded metal connector plates that exhibit 
any combination of knots, wane, pitch pockets, holes, gaps and misplacement shall be evaluated to 
determine if the clear wood-plate contact area has 90 percent or better of the engineer-specified 
clear wood-plate contact area. Embedded metal connector plates not exhibiting 90 percent or better 
of the engineer-specified clear wood-plate contact area shall be removed and overplated in accor­
dance with Section 2343.7.8. This check applies to all joints; however, certain joints exhibiting 
gaps as defined in Section 2343.7.9 shall require shimming in addition. 
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2343.7.8.3 Tooth flattening. Metal connector plates exhibiting flattened teeth in excess of the 5 
percent minimum required teeth (i.e., metal connector plate contact area) per member shall be re­
moved. A larger metal connector plate meeting the provisions of Sections 2343.7.5.7 and 
2343.7.8.1 shall be affixed provided the larger metal connector plate exhibits firm embedment and 
no flattened teeth. 

2343.7.9 Shimming. The use of galvanized metal shims, as shown in Figure 23-III-36, or alterna­
tives acceptable to a registered engineer to obtain firm bearing between members at open compres­
sion joints (spices, peaks and web-chord interfaces) is acceptable provided the number of open 
joints so treated does not exceed two per truss or 20 percent of the total number of joints, whichever 
is greater, and the gaps prior to shimming do not exceed the tolerances in Section 2343.7.6.4. Metal 
shims shall be long enough to bend over at least 1 inch (25 mm) along the member being shimmed. 
The shim shall be fixed in position with a 6d deformed shank nail to prevent accidental loss or re­
moval (see Figure 23-III-36) and shall be documented by a professional engineer. 

2343.7.10 Repressing. Embedded metal connector plates exceeding the tolerances in Section 
2343.7.6.10 shall be repressed. Other manufacturing characteristics are acceptable in the metal 
connector plate contact area per Sections 2343.7.8 and 2343.7.9 provided the repressed metal con­
nector plate exhibits firm embedment and no flattened teeth. 

2343.8 In-plant Inspection. Each truss manufacturer shall retain an approved agency having no 
financial interest in the plant being inspected to make nonscheduled inspections of truss fabrication 
and delivery operations. The inspections shall cover all phases of the truss operation including: 
lumber storage, handling, cutting, fixtures, presses or rollers, fabrication bundling and banding, 
handling and delivery. 

2343.9 Parallel Chord Truss Design. 

2343.9.1 General. The design standard shall be applicable to parallel chord wood trusses that 
have the major cross section of 2-inch by 4-inch (51 mm by 102 mm) lumber members oriented 
horizontally. 

2343.9.2 Notations and symbols. 

WHERE: 
A cross-sectional area of member. 
b width of member. 
D overall depth of truss. 

DL = dead load. 
d = critical thickness or width of members in buckling. 

d' = 
E 

Fh 

Fe 

F'c 

Fr 
G 
h 

lc 

le 

distance between centroids of chords. 
modulus of elasticity. 
design value for extreme fiber in bending. 
design value for compression parallel to grain. 
design value for compression parallel to grain adjusted for L '!d. 
design value for tension parallel to grain. 

concentrated load. 
thickness of member. 
moment of inertia of chord. 
equivalent moment of inertia of the truss. 

J = unitless factor used in the interaction equation for combined bending and axial compres­
sion. 
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K 

Kb 
L 

4: 
4, 

Lp 
4 

Lw 
L' 

LL 
M 

Me 
Mo 
Mp 

M.f 
p 

s 
Ve 
w 

WL 

X 
~ 

= 

largest slenderness ratio (L 'lei) at which the intermediate column formula applies for de­
termining design value in compression parallel to grain. 
load and span effect constant. 
nominal panel length of chords used in computing bending moment. 
length of cantilever. 
width of the rectangular opening measured from center of vertical web to center of verti­
cal web. 
center-to-center spacing of purlins. 
clear span length measured from face-to-face of supports. 
buckling length of web member. 
effective buckling length. 
live load. 
bending moment. 
moment of an equivalent beam at the location under investigation. 
moments produced at a rectangular opening due to shear. 
moment due to loads acting on chord between panel points; panel moments may be at 
midpanel or panel points. 
secondary moment. 
axial load. 
section modulus. 
shear of the equivalent beam. 
uniformly distributed load. 
wind load. 
offset of center line of rectangular opening from center line of truss. 
deflection of truss. 

2343.9.3 Truss loading. Uniformly distributed loads on top and bottom chords shall be consid­
ered as equivalent concentrated loads applied at panel points for determination of axial forces. 

Trusses having concentrated loads shall be designed specifically to carry these loads in addition 
to any other loading which may be applied to the truss within the allowable stresses defined in this 
standard. 

A nonbearing partition may be neglected in design, provided: 

1. Trusses are not over 24 inches (610 mm) on centers. 

2. Top chord panel length of supporting truss system does not exceed 30 inches (762 mm). 

3. Design live load of supporting truss system results from a residential occupancy and is not less 
than 40 psf (I. 92 kN/m2). 

4. Partition weight does not exceed 60 pounds per lineal foot (876 N/m). 

5. When partitions parallel to supporting trusses are not located on or immediately adjacent to a 
truss, the subfloor shall be adequate for the partition load. 

Trusses are to be designed for the most critical combination of gravity dead load, live load and/or 
wind load. 

2343.9.4 Axial forces. For the purpose of determining the axial forces in a truss, all members may 
be assumed to have pinned joints. Forces are assumed to act along the centroids of the chord mem­
bers. The effective depth d' of the truss is the distance between the centroids of the chords. 

The vertical component of the minimum design force in any diagonal web shall not be less than 
one sixth of the simple span total load. 
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The minimum design force for any member shall not be less than 375 pounds (1668 N). 

2343.9.5 Bending moments in chords. For the purpose of determining the bending moments in 
the chords, the chord members shall be modeled as continuous beams with the web members pin 
connected to the chords. 

Any accurate engineering method may be used, provided the method accounts for: 

1. The bending moments due to the loads acting on the chords between panel points Uoints); 
henceforth called the panel moments. 

2. The bending moments induced into the chords by the overall deformation of the truss; hence­
forth called the secondary moments. 

3. The bending moments produced at a rectangular opening due to the transfer of vertical load 
(shear) across the opening, henceforth called the open-panel moments. 

The simplified method refers to an equivalent beam. The moments and shears referred to are 
those of a beam with the same span, points of support and loading conditions as the truss under in­
vestigation. The sign convention used is one that gives the following results to a uniformly, down­
ward-loaded simple-span beam: 

I. Positive moment throughout. 

2. Positive shear on the left half of the beam and negative shear on the right half of the beam. See 
Figure 23-III-44. 

The simplified method applies only to trusses that meet the following conditions: 

I. All concentrated loads shall be located at joints. 

2. The uniform load w shall not differ by more than 20 percent (of the larger loading) in adjacent 
panels. 

3. Rectangular openings shall not exceed 24 inches (610 mm) clear width. 

4. All rectangular openings shall be located within 15 inches (381 mm) of midspan or within 15 
inches (381 mm) of the location of zero shear on an equivalent beam. The offset shall be measured 
from the center of the rectangular opening. 

5. No more than one rectangular opening shall be present in each span. 

6. If a rectangular opening is present and this opening is offset greater than 4 inches (102 mm) 
from the location of zero shear on an equivalent beam, then the moment of inertia of the top chord at 
the rectangular opening shall be equal to that of the bottom chord at the opening. 

The panel moment Mp shall be determined at the joints (panel point moment) and between the 
joints (midpanel moment). The moments determined shall be based on the uniform load acting 
downward. If the uniform load acts upward, the signs of the moments given shall be reversed. 

The panel point moments shall be taken as follows: 

Mp zero for end joints. 
Mp = -w L2!9 for joints located at one panel from the end of the chord. 
Mp = -w L2!12 for all other interior joints. 

Where L is the largest of the following: 

1. The average length of the two panels adjacent to the joint under investigation. 

2. Ninety percent of the longer of the two panels adjacent to the joint under investigation. 

The midpanel moments shall be taken as: 

Mp + wL2/I3 for end panels. 
Mp = + wL2!24 for interior panels. 
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where L is the length of the panel under investigation. 

The secondary moments shall be taken as: 

WHERE: 

1994 UNIFORM BUILDING CODE 

I. lc is the moment of inertia of the chord member under investigation. 

2. le is the equivalent moment of inertia of the truss at the location under investigation. 

3. Me is the moment of an equivalent beam at the location under investigation. 

The sign of the secondary moment shall be the same as that of the equivalent beam. 

The open-panel moments shall be considered to act at all joints adjacent to the rectangular open­
ing only. The open-panel moment shall have a magnitude of: 

M = V, X L, 
" 4 

WHERE: 
I. V, is the shear of the equivalent beam at the same location as the center of the rectangular 

opening. 

2. 4, is the width of the rectangular opening measured from center of vertical web to center of 
vertical web. 

When the shear on the equivalent beam V, is positive, the moment M0 at the joints to the left of the 
open panel shall be taken as negative and the moment M0 at joints to the right of the open panel shall 
be taken as positive. When the shear on the equivalent beam V, is negative, the above convention 
shall be reversed. 

The total moment at a given panel point is the absolute valueof the sum of the panel-point mo­
ment, the secondary moment and the open-panel moment. 

M=Mp +Ms +Mo 

The total moment at a given mid panel is the absolute value of the sum of the mid panel moment 
and the secondary moment. 

M=Mp +Ms 

The moment used in Section 2343.9.6 for a given panel shall be the larger of: 

I. The total moment at the panel point at the left of the panel. 

2. The total moment at the midpanel. 

3. The total moment at the panel point at the right of the panel. 

2343.9.6 Member design. All members subject to axial tension shall be so proportioned that: 

~ $ F, 

All members subject to axial compression shall be so proportioned that: 

~ $ F'c 

and F'c is calculated as shown in Table 23-III-SS. 
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All members subject to bending only shall be so proportioned that: 

M < Fb s -
All members subject to both bending and axial tension shall be so proportioned that: 

P/A M/S 
F', + Fb . J(P/A)::; 1.00 

Where F'c is defined in Table 23-III-SS, and 

(L' /d) - II 
1 = K-11 

except that 1 shall not be less than zero or greater than one. 

Lumber design values may be adjusted for duration of load in accordance with Section 2304.3. 

The L'!d for compression members shall not exceed 50, and L'!d for tension members, including 
tension members subject to reversal of stress, shall not exceed 80. For chords and webs the effective 
buckling length shall be as shown in Table 23-III-TT. See Figure 23-III-45. 

Where three or more trusses are positioned side by side and spaced no farther than 24 inches (610 
mm) apart and are joined by properly attached roof sheathing or flooring and/or strongbacks or oth­
er effective load-distributing elements which are properly attached to the trusses, the allowable 
stress in bending may be increased 15 percent. 

In accordance with Tables 23-1-A-1, 23-1-A-2, 23-1-A-4 and 23-1-A-5 criteria, an additional 10 
percent increase in allowable bending stress is permitted for 2-inch by 4-inch (51 mm by I 02 mm) 
lumber used flatwise. This stress increase is not dependent upon being part of a repetitive member 
system. 

2343.9.7 Joint design. Connector plates shall be designed for installation on both faces of each 
joint with sufficient plate area or wood-to-wood contact in compression or bearing to resist the criti­
cal forces or minimum forces described in Section 2343.9.4. 

Connector plates shall have the minimum properties as set forth in Section 2343.4. 

When the net plate area method is used to determine the connector plate design rating, all plates 
shall be designed using a 112-inch (13 mm) end distance measured parallel to the member and a 
114-inch (6.4 mm) edge distance measured perpendicular to the member. 

When the gross area method is used to determine the connector plate design rating, 85 percent of 
the wide face test values shall be used for plating on 1.5-inch (38 mm) surfaces. 

Plate basic design values (lateral resistance) established in accordance with Section 2343.4 shall 
be reduced 20 percent when the plates are to be installed in lumber having a moisture content greater 
than 19 percent at the time of fabrication. 

The basic design values of plated (lateral resistance) may be adjusted for various durations of 
load in accordance with Section 2304.3.4. 

The net section of plates for all tension joints shall be designed using the basic tensile design val­
ue of the metal adjusted for the plate efficiency factor. Plate tensile design values may be increased 
by 33.3 percent for wind or earthquake loads, but in no case shall the tensile design values be ex­
ceeded for dead load and other live loads. 

The net shear section of plates for all joints involving shear shall be designed using the plate shear 
design value adjusted for the plate shear efficiency factor. Plate shear design values may be in­
creased by 33.3 percent for wind or earthquake loads, but in no case shall the shear design values be 
exceeded for dead load and other live loads. 

2343.9.8 Bearings. Either top chord or bottom chord-bearing trusses are acceptable. 
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Bearing area shall be sized to develop the full design reactions in accordance with the design val­
ue in compression perpendicular to grain. 

Truss bearing (either top or bottom chord bearing) must extend a distance of not less than 3 inches 
(76 mm) over the support. Engineered anchorage may be substituted for the 3-inch (76 mm) mini­
mum support. 

For top chord supported trusses, the clearance between the outside edge of the first connector 
plate and the inside edge of the bearing shall not exceed the following: 

l. For single 4-inch by 2-inch (102 mm by 51 mm) top chord, 1/ 2 inch (13 mm) maximum. 

2. For double 4-inch by 2-inch (102 mm by 51 mm) top chord, 1 inch (25 mm) maximum. 

2343.9.9 Bridging. Continuous cross and/or horizontal bridging between trusses shall be pro­
vided at spacings of approximately 10 feet (3048 mm) for floors and 16 feet (4877 mm) for roofs. 
Cross bridging shall be minimum 1 by 3s (25 by 76 mm) with two 8d nails each end. Horizontal 
bridging shall be minimum 2-inch by 6-inch (51 mm by 152 mm) strongbacks (on edge) attached to 
each truss with three lOd nails. 

Strongbacks shall be attached to walls at their outer ends or restrained by other means. 

2343.9.10 Deflection. Deflection calculations shall be based on full live load and may be deter­
mined using beam formulas. If two grades of chord lumber having different E values are used, de­
flection calculations may be based on the average E value. Other accepted methods of calculating 
deflections may be use, provided adjustments for web shear and joint slippage are considered. 

For uniformly loaded, simply supported, parallel chord trusses, deflection may be calculated as 
follows: 

For SI: 

WHERE: 

5 wL,,4 

Kb = 384 

( 
1.33 Kb) (25.4 + 0.015X) 

El, 25.4 

t1 deflection at center line of truss in inches (mm). 
w uniformly load in pounds per lineal inch (N/mm). 
4 clear span in inches (mm). 
Ie moment of inertia of the cross-sectional areas of the top and bottom chords about the N.A. 

of the truss. See Figure 23-III-46. 
E average modules of elasticity of chord lumber [psi (N/mm2)]. 

Kh = load and span effect constant. 
X offset of centerline of opening from centerline of truss in inches (mm). See Figure 

23-III-47. [Not to exceed 15 inches (381 mm) for this deflection formula.] 

Maximum live load deflection for floor trusses shall be limited to 4,/360. 

The portion of the total truss deflection due to live load shall not exceed 4,/360 when plaster is 
used or Ls/240 when flexible-type ceiling such as drywall or a suspended ceiling is used. The 
deflection of roof trusses without a finished ceiling shall not exceed 4,/180. 

2343.9.11 Camber. The minimum recommended camber between supports shall equal the dead 
load deflection. 
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TABLE 23-111-A-APPLICABILITY OF ADJUSTMENT FACTORS FOR CONNECTIONS 

LOAD WET TEMPERA- GROUP PENETRA· METAL SIDE 
DURATION SERVICE lURE FAC· ACTION GEOMETRY liON DEPTH END GRAIN PLATE DIAPHRAGM TOENAIL 
FACTOR1 FACTOR2 TOR FACTOR FACTOR3 FACTOR3 FACTOR3 FACTOR3 FACTOR3 FACTOR3 

Bolts Z' = (Z) (CD) (CM) (Cr) (Cg) (Cd) • • • • • 
Lag screws W'=(W) (CD) (CM) (Cr) • • • (Ceg) • • • 

Z' = (Z) (CD) (CM) (Cr) (Cg) (Cd) (Cd) (Ceg) • • • 
Split ring and shear P' = (P) (CD) (CM) (Cr) (Cg) (Cd) (Cd) • (Cstl • • 
plate connectors Q'=(Q) (CD) (CM) (Cr) (Cg) (Cd) (Cd) • • • • 
Wood screws W'=(W) (CD) (CM) (Cr) • • • • • • • 

Z' = (Z) (CD) (CM) (Cr) • • (Cd) (Ceg) • • • 
Nails and spikes W'=(W) (CD) (CM) (Cr) • • • • • • (Cm) 

Z' = (Z) (CD) (CM) (Cr) • • (Cd) (Ceg) • (Cd;) (Crnl 

Metal plate Z'= (Z) (CD) (CM) (Cr) • • • • • • • 
connectors 

Drift bolts and drift W' =(W) (CD) (CM) (Cr) • • • (Ceg) • • • 
pins Z' = (Z) (CD) (CM) (Cr) (Cg) (Cd) (Cd) (Ceg) • • • 
Spike grids Z'= (Z) (CD) (CM) (Cr) • (Cd) • • • • • 

I The load duratiOn factor, CD. shall not exceed 1.6 for connectiOns [Secuon 2335.5.2]. 

2The wet service factor, CM, shall not apply to toenails loaded in withdrawal [Section 2340.2.3]. 
3Specific information concerning geometry (Cd ), penetration depth factors (Cd). end grain factors (Ce8 ), metal side plate factors (Cs1), diaphragm factors (Cd;) and toenail 

factors ( Cm) is provided in Parts II through VIII of this standard. ..... 
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TABLE 23·111-8-WET SERVICE FACTORS, CM, FOR CONNECTIONS 
CONDITION OF WOOD1 

FASTENER TYPE At Time of Fabrication In Service 

Split ring or shear plate2 Dry Dry 
connectors Partially seasoned Dry 

Wet Dry 
Dry or wet Partially seasoned or wet 

Bolts or Dry Dry 
lag screws Partially seasoned or wet Dry 

Dry or wet Exposed to weather 
Dry or wet Wet 

Laterally loaded Dry or wet Dry 
drift bolts or drift pins Dry or wet Partially seasoned or wet or subject to 

wetting and drying 

Wood screws Dry or wet Dry 
Dry or wet Exposed to weather 
Dry or wet Wet 

Common wire nails, box nails or common 
wire spikes 

-Withdrawal loads Dry Dry 
Partially seasoned or wet Wet 
Partially seasoned or wet Dry 
Dry Subject to wetting and drying 

-Lateral loads Dry Dry 
Partial! y seasoned or wet Dry or wet 
Dry Partially seasoned or wet 

Threaded hardened steel nails Dry or wet Dry or wet 

Metal connector plates Dry Dry 
Partially seasoned or wet Dry or wet 

.. 1Condltions of wood are defined as follows for determming wet service factors for connections: 
Dry wood has a moisture content ::; 19 percent. 
Wet wood has a moisture content ~ 30 percent (approximate fiber saturation point). 
Partially seasoned wood has 19 percent< moisture content< 30 percent. 

WET SERVICE FACTOR 
c., 
1.0 

see Footnote 3 
0.8 
0.67 

1.0 
see Footnote 4 

0.75 
0.67 

1.0 
0.7 

1.0 
0.75 
0.67 

1.0 
1.0 
0.25 
0.25 

1.0 
0.75 
0.75 

1.0 

1.0 
0.8 

"Exposed to weather" means that the wood will vary in moisture content from dry to partially seasoned, but is not expected to reach the fiber saturation point at times 
when the connection is supporting full design load. 

~ "Subject to wetting and drying" means that the wood will vary in moisture content from dry to partially seasoned or wet, or vice versa, with consequent effects on the 
:g tightness of the connection. 
.... 2For split ring or shear plate connectors, moisture content limitations apply to a depth of 3/4 inch (19 mm) below the surface of the wood. 
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FOOTNOTES TO TABLE 23-111-B--{Continued) 

~ ,_ 3When split ring or shear plate connectors are installed in wood that is partially seasoned at the time of fabrication, but that will be dry before full design load is applied, 
proportional intermediate wet service factors shall be permitted to be used. 

4When bolts or lag screws are installed in wood that is wet at the time of fabrication, but that will be dry before full design load is applied, the following wet service factors, 
eM, shall apply: 

Arrangement of bolts or lag screws eM 
One fastener only, or 1.0 
Two or more fasteners placed in a single row parallel to grain, or 
Fasteners placed in two or more rows parallel to grain with separate splice plates for each row 

All other arrangements 0.4 

When bolts or lag screws are installed in wood that ts parttally seasoned at the lime of fabncauon, but that wtll be dry before full destgn load ts apphed, proporttonal 
intermediate wet service factors shall be permitted to be used. 

TABLE 23-111-C-GROUP ACTION FACTORS, Cg, FOR BOLT OR LAG SCREW CONNECTIONS WITH WOOD SIDE 
MEMBERS2 FOR D = 1 INCH (25 mm), s = 4 INCHES (1 02 mm), E = 1,400,000 psi (9646 N/mm2) 

A,1in.2 NUMBER OF FASTENERS IN A ROW 

A,IA, 1 x 645.16 for mm2 2 3 4 5 6 7 8 9 10 11 

5 0.98 0.92 0.84 0.75 0.68 0.61 0.55 0.50 0.45 0.41 

12 0.99 0.96 0.92 0.87 0.81 0.76 0.70 0.65 0.61 0.57 

0.5 20 0.99 0.98 0.95 0.91 0.87 0.83 0.78 0.74 0.70 0.66 

28 1.00 0.98 0.96 0.93 0.90 0.87 0.83 0.79 0.76 0.72 

40 1.00 0.99 0.97 0.95 0.93 0.90 0.87 0.84 0.81 0.78 

64 1.00 0.99 0.98 0.97 0.95 0.93 0.91 0.89 0.87 0.84 

5 1.00 0.97 0.91 0.85 0.78 0.71 0.64 0.59 0.54 0.49 

12 1.00 0.99 0.96 0.93 0.88 0.84 0.79 0.74 0.70 0.65 

I 20 1.00 0.99 0.98 0.95 0.92 0.89 0.86 0.82 0.78 0.75 

28 1.00 0.99 0.98 0.97 0.94 0.92 0.89 0.86 0.83 0.80 

40 1.00 1.00 0.99 0.98 0.96 0.94 0.92 0.90 0.87 0.85 

6.4 1.00 1.00 0.99 0.98 0.97 0.96 0.95 0.93 0.91 0.90 
1When As/Am> 1.0, uset\s!Am and use A, instead of As. 
2Tabulated group action factors (eg) are conservative forD< I inch (25 mm), s < 4 inches (102 mm) orE> 1,400,000 psi (9646 N/mm2). 

12 

0.38 

0.53 

0.62 

0.69 

0.75 

0.82 

0.45 

0.61 

0.71 
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TABLE 23-111-0-GROUP ACTION FACTORS, Cg, FOR 4-INCH (102 mm) SPLIT RING OR SHEAR PLATE CONNECTORS WITH WOOD SIDE 
MEMBERS1 FOR s = 9 INCHES (229 mm) E = 1,400,000 psi (9646 N/mm2) 

Ag1in.2 NUMBER OF FASTENERS IN A ROW 

AsiA, 2 x 645.16 for mm2 2 3 4 5 6 7 8 9 10 11 12 

5 0.90 0.73 0.59 0.48 0.41 0.35 0.31 0.27 0.25 0.22 0.20 
12 0.95 0.83 0.71 0.60 0.52 0.45 0.40 0.36 0.32 0.29 0.27 

0.5 20 0.97 0.88 0.78 0.69 0.60 0.53 0.47 0.43 0.39 0.35 0.32 
28 0.97 0.91 0.82 0.74 0.66 0.59 0.53 0.48 0.44 0.40 0.37 
40 0.98 0.93 0.86 0.79 0.72 0.65 0.59 0.54 0.49 0.45 0.42 
64 0.99 0.95 0.91 0.85 0.79 0.73 0.67 0.62 0.58 0.54 0.50 

5 1.00 0.87 0.72 0.59 0.50 0.43 0.38 0.34 0.30 0.28 0.25 
12 1.00 0.93 0.83 0.72 0.63 0.55 0.48 0.43 0.39 0.36 0.33 

I 20 1.00 0.95 0.88 0.79 0.71 0.63 0.57 0.51 0.46 0.42 0.39 
28 1.00 0.97 0.91 0.83 0.76 0.69 0.62 0.57 0.52 0.47 0.44 
40 1.00 0.98 0.93 0.87 0.81 0.75 0.69 0.63 0.58 0.54 0.50 
64 1.00 0.98 0.95 0.91 0.87 0.82 0.77 0.72 0.67 0.62 0.58 

1Tabulated group actwn factors (C8 ) are conservative for 21/z-mch (64 mm) spilt nng connectors, 25/s-mch (67 mm) shear plate connectors, s < 9 mches (229 mm) orE 
> 1,400,000 psi (9646 N/mm2). 

2When As/Am > 1.0, use As/Am and use A, instead of As. 
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AsiA, 

12 

18 

24 

30 

35 

TABLE 23-111-E-GROUP ACTION FACTORS, C , FOR BOLT OR LAG SCREW CONNECTIONS WITH STEEL SIDE PLATES1 

FOR D- 1 INCH (25 mm) s- 4 INCHES (1 02 mmf. f'wood - 1 400 000 psi (9646 N/mm2) Esteel- 30 000 000 psi (206 700 N/mm2) - . - . - . . . - . . 
A, in.2 NUMBER OF FASTENERS IN A ROW 

x 645.16 lor mm2 2 3 4 5 6 7 8 9 10 11 

5 0.97 0.89 0.80 0.70 0.62 0.55 0.49 0.44 0.40 0.37 

8 0.98 0.93 0.85 0.77 0.70 0.63 0.57 0.52 0.47 0.43 

16 0.99 0.96 0.92 0.86 0.80 0.75 0.69 0.64 0.60 0.55 

24 0.99 0.97 0.94 0.90 0.85 0.81 0.76 0.71 0.67 0.63 

40 1.00 0.98 0.96 0.94 0.90 0.87 0.83 0.79 0.76 0.72 

64 1.00 0.99 0.98 0.96 0.94 0.91 0.88 0.86 0.83 0.80 

120 1.00 0.99 0.99 0.98 0.96 0.95 0.93 0.91 0.90 0.87 

200 1.00 1.00 0.99 0.99 0.98 0.97 0.96 0.95 0.93 0.92 

5 0.99 0.93 0.85 0.76 0.68 0.61 0.54 0.49 0.44 0.41 

8 0.99 0.95 0.90 0.83 0.75 0.69 0.62 0.57 0.52 0.48 

16 1.00 0.98 0.94 0.90 0.85 0.79 0.74 0.69 0.65 0.60 

24 1.00 0.98 0.96 0.93 0.89 0.85 0.80 0.76 0.72 0.68 

40 1.00 0.99 0.97 0.95 0.93 0.90 0.87 0.83 0.80 0.77 

64 1.00 0.99 0.98 0.97 0.95 0.93 0.91 0.89 0.86 0.83 

120 1.00 1.00 0.99 0.98 0.97 0.96 0.95 0.93 0.92 0.90 

200 1.00 1.00 0.99 0.99 0.98 0.98 0.97 0.96 0.95 0.94 

40 1.00 0.99 0.97 0.95 0.93 0.89 0.86 0.83 0.79 0.76 

64 1.00 0.99 0.98 0.97 0.95 0.93 0.91 0.88 0.85 0.83 

120 1.00 1.00 0.99 0.98 0.97 0.96 0.95 0.93 0.91 0.90 

200 1.00 1.00 0.99 0.99 0.98 0.98 0.97 0.96 0.95 0.93 

40 1.00 0.98 0.96 0.93 0.89 0.85 0.81 0.77 0.73 0.69 

64 1.00 0.99 0.97 0.95 0.93 0.90 0.87 0.83 0.80 0.77 

120 1.00 0.99 0.99 0.97 0.96 0.94 0.92 0.90 0.88 0.85 

200 1.00 1.00 0.99 0.98 0.97 0.96 0.95 0.94 0.92 0.90 

40 0.99 0.97 0.94 0.91 0.86 0.82 0.77 0.73 0.68 0.64 

64 1.00 0.98 0.96 0.94 0.91 0.87 0.84 0.80 0.76 0.73 

120 1.00 0.99 0.98 0.97 0.95 0.92 0.90 0.88 0.85 0.82 

200 1.00 0.99 0.99 0.98 0.97 0.95 0.94 0.92 0.90 0.88 

12 

0.34 
0.40 
0.52 
0.59 
0.69 
0.77 
0.85 
0.90 

0.37 
0.44 
0.56 
0.64 

0.73 
0.81 
0.88 
0.92 

0.72 
0.80 
0.88 
0.92 

0.65 
0.73 
0.83 
0.89 

0.60 
0.69 
0.79 
0.86 
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40 0.99 0.97 0.93 0.88 0.83 0.78 
42 64 0.99 0.98 0.95 0.92 0.88 0.84 

120 1.00 0.99 0.97 0.95 0.93 0.90 
200 1.00 0.99 0.98 0.97 0.96 0.94 

40 0.99 0.96 0.91 0.85 0.79 0.74 
50 64 0.99 0.97 0.94 0.90 0.85 0.81 

120 1.00 0.98 0.97 0.94 0.91 0.88 
200 1.00 0.99 0.98 0.96 0.95 0.92 

1Tabulated group action factors (Cg) are conservative forD< I inch (25 mm) or s < 4 inches (102 mm). 

0.73 0.68 0.63 
0.80 0.76 0.72 
0.88 0.85 0.81 
0.92 0.90 0.88 

0.68 0.63 0.58 
0.76 0.72 0.67 
0.85 0.81 0.78 
0.90 0.87 0.85 

0.59 0.55 
0.68 0.64 
0.78 0.75 
0.85 0.83 

0.54 0.51 
0.63 0.59 
0.74 0.71 
0.82 0.79 
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TABLE 23-111-F-GROUP ACTION FACTORS, C9 , FOR 4-INCH (102 mm) SHEAR PLATE CONNECTORS WITH STEEL SIDE PLATES1 

FOR s = 9 INCHES (229 mm), Ewood = 1,400,000 psi (9646 N/mm2), f'steel = 30,000,000 psi (206 700 N/mm2) 
A, in.2 NUMBER OF FASTENERS IN A ROW 

A,! A, x 645.161or mm2 2 3 4 5 6 7 8 9 10 11 12 

5 0.91 0.75 0.60 0.50 0.42 0.36 0.31 0.28 0.25 0.23 0.21 

8 0.94 0.80 0.67 0.56 0.47 0.41 0.36 0.32 0.29 0.26 0.24 

16 0.96 0.87 0.76 0.66 0.58 0.51 0.45 0.40 0.37 0.33 0.31 

12 
24 0.97 0.90 0.82 0.73 0.64 0.57 0.51 0.46 0.42 0.39 0.35 

40 0.98 0.94 0.87 0.80 0.73 0.66 0.60 0.55 0.50 0.46 0.43 

64 0.99 0.96 0.91 0.86 0.80 0.74 0.69 0.63 0.59 0.55 0.51 

120 0.99 0.98 0.95 0.91 0.87 0.83 0.79 0.74 0.70 0.66 0.63 

200 1.00 0.99 0.97 0.95 0.92 0.89 0.85 0.82 0.79 0.75 0.72 

5 0.97 0.83 0.68 0.56 0.47 0.41 0.36 0.32 0.28 0.26 0.24 

8 0.98 0.87 0.74 0.62 0.53 0.46 0.40 0.36 0.32 0.30 0.27 

16 0.99 0.92 0.82 0.73 0.64 0.56 0.50 0.45 0.41 0.37 0.34 

24 0.99 0.94 0.87 0.78 0.70 0.63 0.57 0.51 0.47 0.43 0.39 
18 

40 0.99 0.96 0.91 0.85 0.78 0.72 0.66 0.60 0.55 0.51 0.47 

64 1.00 0.97 0.94 0.89 0.84 0.79 0.74 0.69 0.64 0.60 0.56 

120 1.00 0.99 0.97 0.94 0.90 0.87 0.83 0.79 0.75 0.71 0.67 

200 1.00 0.99 0.98 0.96 0.94 0.91 0.89 0.86 0.82 0.79 0.76 

40 1.00 0.96 0.91 0.84 0.77 0.71 0.65 0.59 0.54 0.50 0.46 

64 1.00 0.98 0.94 0.89 0.84 0.78 0.73 0.68 0.63 0.58 0.54 
24 

120 1.00 0.99 0.96 0.94 0.90 0.86 0.82 0.78 0.74 0.70 0.66 

200 1.00 0.99 0.98 0.96 0.94 0.91 0.88 0.85 0.82 0.78 0.75 

40 0.99 0.93 0.86 0.78 0.70 0.63 0.57 0.52 0.47 0.43 0.40 

30 
64 0.99 0.96 0.90 0.84 0.78 0.71 0.66 0.60 0.56 0.51 0.48 

120 0.99 0.98 0.94 0.90 0.86 0.81 0.76 0.71 0.67 0.63 0.59 

200 1.00 0.98 0.96 0.94 0.91 0.87 0.83 0.79 0.76 0.72 0.68 

40 0.98 0.91 0.83 0.74 0.66 0.59 0.53 0.48 0.43 0.40 0.36 

35 
64 0.99 0.94 0.88 0.81 0.73 0.67 0.61 0.56 0.51 0.47 0.43 

120 0.99 0.97 0.93 0.88 0.82 0.77 0.72 0.67 0.62 0.58 0.54 

200 1.00 0.98 0.95 0.92 0.88 0.84 0.80 0.76 0.71 0.68 0.64 
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40 0.97 0.88 0.79 0.69 0.61 0.54 0.48 0.43 0.39 0.36 

42 
64 0.98 0.92 0.84 0.76 0.69 0.62 0.56 0.51 0.46 0.42 

120 0.99 0.95 0.90 0.85 0.78 0.72 0.67 0.62 0.57 0.53 
200 0.99 0.97 0.94 0.90 0.85 0.80 0.76 0.71 0.67 0.62 

40 0.95 0.86 0.75 0.65 0.56 0.49 0.44 0.39 0.35 0.32 

50 
64 0.97 0.90 0.81 0.72 0.64 0.57 0.51 0.46 0.42 0.38 

120 0.98 0.94 0.88 0.81 0.74 0.68 0.62 0.57 0.52 0.48 
200 0.99 0.96 0.92 0.87 0.82 0.77 0.71 0.66 0.62 0.58 

1Tabulated group action factors (Cg) are conservative for 25/g-inch (67 mm) shear plate connectors or s < 9 inches (229 mm). 

TABLE 23-111-G-DOWEL-BEARING STRENGTH FOR BOLTED CONNECTIONS 
DOWEL-BEARING STRENGTH IN POUNDS PER SQUARE INCH (psi) 

x 6.89 x 1~ for N/mm2 

SPECIFJC1 Fe.L Fe.L Fe.L Fe.L 
GRAVITY 0 = 1t2 1nch 0= 5t8 1nch 0= 3t4 1nch 0: 7t8 1nch 

SPECIES COMBINATION G Fell (13mm) (16mm) (19mm) (22mm) 

Aspen 0.39 4,350 2,200 1,950 1,800 1,650 
Balsam fir 0.36 4,050 1,950 1,750 1,600 1,500 
Beech-birch-hickory 0.71 7,950 5,250 4,700 4,300 3,950 
Coast sitka spruce 0.39 4,350 2,200 1,950 1,800 1,650 
Cottonwood 0.41 4,600 2,350 -2,100 1,950 1,800 
Douglas fir-larch 0.50 5,600 3,150 2,800 2,600 2,400 
Douglas fir-larch (north) 0.49 5,500 3,050 2,750 2,500 2,300 
Douglas fir-south 0.46 5,150 2,800 2,500 2,300 2,100 

Eastern hemlock 0.41 4,600 2,350 2,100 1,950 1,800 
Eastern hemlock-tamarack 0.41 4,600 2,350 2,100 1,950 1,800 
Eastern hemlock-tamarack (north) 0.47 5,250 2,900 2,600 2,350 2,200 
Eastern softwoods 0.36 4,050 1,950 1,750 1,600 1,500 
Eastern spruce 0.41 4,600 2,350 2,100 1,950 1,800 
Eastern white pine 0.36 4,050 1,950 1,750 1,600 1,500 
Engelmann spruce-lodgepole pine2 0.46 5,150 2,800 2,500 2,300 2,100 

(MSR 1650f and higher grades) 

Engelmann spruce-lodgepole pine2 0.38 4,250 2,100 1,900 1,750 1,600 
(MSR 1500f and lower grades) 

(Continued) 

0.33 
0.39 
0.49 
0.59 

0.30 
0.35 
0.45 
0.54 

Fe.L 
0= 11nch 
(25mm) 

1,550 
1,400 
3,700 
1,550 
1,650 
2,250 
2,150 
2,000 

1,650 
1,650 
2,050 
1,400 
1,650 
1,400 
2,000 

1,500 
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TABLE 23-111-G-DOWEL-BEARING STRENGTH FOR BOLTED CONNECTION5--(Continued) 
DOWEL-BEARING STRENGTH IN POUNDS PER SQUARE INCH (psi) 

x 6.89 x 1 Q-3 for Nlmm2 

SPECIFIC1 Fe.L Fe.L Fe.L Fe.L 
GRAVITY 0= 1/2 inch 0= 5J8 inch 0= 3J4 inch 0= 718 inch 

SPECIES COMBINATION G Feu (13mm) (16mm) (19mm) (22mm) 

Hem-fir 0.43 4,800 2,550 2,250 2,050 1,900 

Hem-fir (north) 0.46 5,150 2,800 2,500 2,300 2,100 

Mixed maple 0.55 6,150 3,650 3,250 2,950 2,750 

Mixed oak 0.68 7,600 4,950 4,400 4,050 3,750 

Mixed southern pine 0.51 5,700 3,250 2,900 2,650 2,450 

Mountain hemlock 0.47 5,250 2,900 2,600 2,350 2,200 

Northern pine 0.42 4,700 2,450 2,200 2,000 1,850 

Northern red oak 0.68 7,600 4,950 4,400 4,050 3,750 

Northern species 0.35 3,900 1,900 1,700 1,550 1,400 

Northern white cedar 0.31 3,450 1,600 1,400 1,300 1,200 

Ponderosa pine 0.43 4,800 2,550 2,250 2,050 1,900 

Red maple 0.58 6,500 3,900 3,500 3,200 2,950 

Red oak 0.67 7,500 4,850 4,300 3,950 3,650 

Red pine 0.44 4,950 2,600 2,350 2,150 2,000 

Redwood close grain 0.44 4,950 2,600 2,350 2,150 2,000 
Redwood open grain 0.37 4,150 2,050 1,850 1,650 1,550 

Sitka spruce 0.43 4,800 2,550 2,250 2,050 1,900 

Southern pine 0.55 6,150 3,650 3,250 2,950 2,750 
Spruce-pine-fir 0.42 4,700 2,450 2,200 2,000 1,850 

Spruce-pine-fir (south) 0.36 4,050 1,950 1,750 1,600 1,500 

Western cedars 0.36 4,050 1,950 1,750 1,600 1,500 
Western cedars (north) 0.35 3,900 1,900 1,700 1,550 1,400 

Western hemlock 0.47 5,250 2,900 2,600 2,350 2,200 

Western hemlock (north) 0.46 5,150 2,800 2,500 2,300 2,100 

Western white pine 0.40 4,500 2,300 2,050 1,850 1,750 

Western woods 0.36 4,050 1,950 1,750 1,600 1,500 
Whiteoak 0.73 8,200 5,450 4,900 4,450 4,150 
Yellow poplar 0.43 4,800 2,550 2,250 2,050 1,900 

1Specific gravity based on weight and volume when oven dry. 
2Applies only to Engelmann spruce-lodgepole pine machine stress-rated (MSR) structural lumber. 

Fe_c 
0= 1 inch 
(25mm) 

1,800 
2,000 
2,550 
3,500 

2,300 
2,050 
1,750 
3,500 
1,350 
1,100 

1,800 
2,750 
3,400 
1,850 
1,850 
1,450 
1,800 
2,550 
1,750 
1,400 

1,400 
1,350 
2,050 
2,000 
1,600 
1,400 
3,850 
1,800 
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TABLE 23-111-H-END DISTANCE REQUIREMENTS FOR BOLTS 
MINIMUM END DISTANCES 

DIRECTION OF LOADING for Reduced Design Value for Full Design Value 

Perpendicular to grain 20 40 

Parallel to grain, compression: (bolt bearing away from member end) 20 40 

Parallel to grain, tension: (bolt bearing toward member end) 
For softwoods 3.50 70 
For hardwoods 2.50 50 

TABLE 23·111-1-SPACING REQUIREMENTS FOR BOLTS IN A ROW 
MINIMUM SPACING 

DIRECTION OF LOADING for Reduced Design Value for Full Design Value 

Parallel to grain 3D 40 
Perpendicular to grain 3D Required spacing for attached member(s) 
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THICKNESS 
Main Side 

Member Member 
~inches t,inches 

x25.4formm 

11h 11h 

21h 11h 

3 1\h 

1ih 

3ih 

31h 

1ih 

4ih 

3 1h 

TABLE 23-111-J-BOLT DESIGN VALUES (Z) FOR SINGLE SHEAR (Two-member) CONNECTIONS1·2 
FOR SAWN LUMBER WITH BOTH MEMBERS OF IDENTICAL SPECIES 

G= 0.55 
G:0.67 MIXED MAPLE G:0.50 G:0.49 

RED OAK SOUTHERN PINE DOUGLAS FIR-LARCH DOUGLAS FIR-LARCH (N) 
BOLT 

DIAMETER ~~~- Z...L ~~ ~~~- Z...L ~.~ 1~. ~t ~~ ~~~- Z...L ~~ Dinches lbs. lbs. lbs. 
x4.45 for N 

lh 650 420 420 530 330 330 480 300 300 470 290 290 
5/g 810 500 500 660 400 400 600 360 360 590 350 350 
314 970 580 580 800 460 460 720 420 420 710 400 400 
7/g 1,130 660 660 930 520 520 850 470 470 830 460 460 
1 1,290 740 740 1,060 580 580 970 530 530 950 510 510 

lh 770 480 540 660 400 420 610 370 370 610 360 360 
5Js 1,070 660 630 930 560 490 850 520 430 830 520 420 
314 1,360 890 720 1,120 660 560 1,020 590 500 1,000 560 480 
7/g 1,590 960 800 1,300 720 620 1,190 630 550 1,170 600 540 
1 1,820 1,020 870 1,490 770 680 1,360 680 610 1,330 650 590 

lh 770 480 560 660 400 470 610 370 420 610 360 410 
% 1,070 660 710 940 560 550 880 520 480 870 520 470 
3j4 1,450 890 800 1,270 660 620 1,190 590 550 1,170 560 530 
7/g 1,860 960 890 1,520 720 690 1,390 630 610 1,360 600 590 
1 2,120 1,020 970 1,740 770 750 1,590 680 670 1,560 650 650 

ih 770 480 560 660 400 470 610 370 430 610 360 420 
5Js 1,070 660 760 940 560 620 880 520 540 870 520 530 
3/4 1,450 890 900 1,270 660 690 1,200 590 610 1,190 560 590 
1Js 1,890 960 990 1,680 720 770 1,590 630 680 1,570 600 650 
1 2,410 1,020 1,080 2,010 770 830 1,830 680 740 1,790 650 710 

lh 830 590 590 750 520 520 720 490 490 710 480 480 
5/g 1,290 880 880 1,170 780 780 1,120 700 700 1,110 690 690 
314 1,860 1,190 1,190 1,690 960 960 1,610 870 870 1,600 850 850 
7/g 2,540 1,410 1,410 2,170 1,160 1,160 1,970 1,060 1,060 1,940 1,040 1,040 
1 3,020 1,670 1,670 2,480 1,360 1,360 2,260 1,230 1,230 2,210 1,190 1,190 

5/g 1,070 660 760 940 560 640 880 520 590 870 520 590 
3/4 1,450 890 990 1,270 660 840 1,200 590 750 1,190 560 720 
7/g 1,890 960 1,210 1,680 720 930 1,590 630 820 1,570 600 790 
1 2,410 1,020 1,310 2,150 770 1,000 2,050 680 890 2,030 650 860 

% 1,290 880 880 1,170 780 780 1,120 700 730 1,110 690 720 
3/4 1,860 1,190 1,240 1,690 960 1,090 1,610 870 1,000 1,600 850 980 
7/g 2,540 1,410 1,630 2,300 1,160 1,300 2,190 1,060 1,160 2,170 1,040 1,130 
I 3,310 1,670 1,830 2,870 1,390 1,440 2,610 1,290 1,290 2,560 1,260 1,250 

G=0.46 
DOUGLAS FIR (S) 

HEM-RR(N) 

1~. Z...L 
lbs. ~~ 

440 270 270 
560 320 320 
670 380 380 
780 420 420 
890 480 480 

580 340 330 
780 470 390 
940 520 450 

1,090 550 500 
1,250 600 550 

580 340 380 
830 470 440 

1,090 520 500 
1,280 550 540 
1,460 600 600 

580 340 400 
830 470 490 

1,140 520 550 
1,470 550 600 
1,680 600 660 

690 460 460 
1,070 650 650 
1,540 800 800 
1,810 980 980 
2,070 1,110 1,110 

830 470 560 
1,140 520 670 
1,520 550 730 
1,930 600 800 

1,070 650 690 
1,540 800 910 
2,060 980 1,050 
2,400 1,210 1,170 
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~ ... 
g ... 

5/s 1,070 660 760 940 560 640 880 520 590 870 520 

I'h 3/4 1,450 890 990 1,270 660 850 1,200 590 790 1,190 560 
7/s 1,890 960 1,260 1,680 720 1,090 1,590 630 980 1,570 600 

5 1/z 
1 2,410 1,020 1,560 2,150 770 1,190 2,050 680 1,060 2,030 650 

5/s 1,290 880 880 1,170 780 780 1,120 700 730 1,110 690 

31h 3/4 1,860 1,190 1,240 1,690 960 1,090 1,610 870 1,030 1,600 850 
7/s 2,540 1,410 1,640 2,300 1,160 1,410 2,190 1,060 1,260 2,170 1,040 
1 3,310 1,670 1,980 2,870 1,390 1,550 2,660 1,290 1,390 2,630 1,260 

5/s 1,070 660 760 940 560 640 880 520 590 870 520 

11/z 3/4 1,450 890 990 1,270 660 850 1,200 590 790 1,190 560 
7/s 1,890 960 1,260 1,680 720 1,090 1,590 630 1,010 1,570 600 

71/z 
1 2,410 1,020 1,560 2,150 770 1,350 2,050 680 1,270 2,030 650 

5/g 1,290 880 880 1,170 780 780 1,120 700 730 1,110 690 

31/z 3/4 1,860 1,190 1,240 1,690 960 1,090 1,610 870 1,030 1,600 850 
7/g 2,540 1,410 1,640 2,300 1,160 1,450 2,190 1,060 1,360 2,170 1,040 
1 3,310 1,670 2,090 2,870 1,390 1,830 2,660 1,290 1,630 2,630 1,260 

1Tabulated lateral design values (Z) for bolted connectiOns shall be multiplied by all applicable adJustment factors (see Table 23-III-A). 
2Tabulated lateral design values (Z) are for "full diameter" bolts with a bending yield strength (Fyb) of 45,000 psi (310 N/mm2). 

590 830 
780 1,140 
940 1,520 

1,010 1,930 

720 1,070 
1,010 1,540 
1,220 2,060 
1,340 2,500 

590 830 
780 1,140 
990 1,520 

1,240 1,930 

720 1,070 
1,010 1,540 
1,340 2,060 
1,570 2,500 

470 
520 
550 
600 

650 
800 
980 

1,210 

470 
520 
550 
600 

650 
800 
980 

1,210 

560 
740 
860 
940 

690 
970 

1,130 
1,250 

560 
740 
950 

1,190 

690 
970 

1,280 
1,470 
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THICKNESS 

Main Side 
Member Member 
~inches t, inches 

x25.4formm 

I liz I liz 

21iz I liz 

3 I liz 

I liz 

31iz 

31iz 

TABLE 23·111-J-BOLT DESIGN VALUES (Z) FOR SINGLE SHEAR (Two-member) CONNECTIONS1·2 
FOR SAWN LUMBER WITH BOTH MEMBERS OF IDENTICAL SPECIES-( Continued) 

G:0.36 
EASTERN SOFTWOODS 

SPRUCE-PINE-RR (S) 
G:0.43 G=0.42 G:0.37 WESTERN CEDARS 
HEM-RR SPRUCE-PINE-FIR REDWOOD (open grain) WESTERN WOODS 

BOLT 
DIAMETER ~~u. ~ ~: ~~u. Z..L ~: ~~u. Z...L ~: I:U. 

Z...L ~j_ 
Dinches lbs. lbs. lbs. lbs. 

x4.45for N 

liz 410 250 250 410 240 240 360 210 210 350 200 200 
5fs 520 300 300 510 290 290 450 250 250 440 240 240 
3/4 620 350 350 610 340 340 540 290 290 520 280 280 
718 720 390 390 710 380 380 630 330 330 610 320 320 
I 830 440 440 810 430 430 720 370 370 700 360 360 

ih 550 320 310 540 320 300 500 290 250 490 280 240 
518 730 420 360 710 410 350 630 350 300 610 330 290 
314 870 460 410 850 450 400 750 370 340 740 360 330 
7/g 1,020 500 450 1,000 490 440 880 410 380 860 390 370 
I 1,160 540 500 1,140 530 490 1,010 440 420 980 420 410 

liz 550 320 350 540 320 330 500 290 280 490 280 270 
518 790 420 400 780 410 390 720 350 330 710 330 320 
314 1,020 460 450 1,000 450 440 880 370 370 860 360 360 
718 1,190 500 500 1,160 490 490 1,030 410 420 1,000 390 400 
I 1,360 540 550 1,330 530 540 1,170 440 460 1,150 420 440 

liz 550 320 380 540 320 370 500 290 320 490 280 300 
5fs 790 420 440 780 410 430 720 350 370 710 330 350 
3/4 1,100 460 500 1,080 450 480 1,010 370 410 990 360 400 
718 1,370 500 550 1,340 490 540 1,180 410 460 1,160 390 440 
I 1,570 540 600 1,530 530 590 1,350 440 500 1,320 420 480 

liz 660 440 440 660 430 430 620 400 400 610 390 390 
5fs 1,040 600 600 1,020 590 590 960 520 520 950 500 500 
314 1,450 740 740 1,420 730 730 1,250 650 650 1,220 630 630 
718 1,690 910 910 1,660 890 890 1,460 770 770 1,430 750 750 
I 1,930 1,030 1,030 1,890 1,000 1,000 1,670 870 870 1,630 840 840 

G=0.35 
NORTHERN SPECIES 

I:U. ~ ~: 

340 200 200 
420 240 240 
500 270 270 
590 310 310 
670 350 350 
470 280 240 
590 320 280 
710 350 320 
830 370 350 
940 410 390 
480 280 260 
690 320 310 
830 350 350 
970 370 380 

1,100 410 430 
480 280 290 
700 320 340 
950 350 380 

1,110 370 420 
1,270 410 470 

600 380 380 
930 490 490 

1,180 620 620 
1,370 720 720 
1,570 810 810 

... 
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5/s 790 420 530 780 410 520 720 350 450 710 330 
I liz 

314 1,100 460 600 1,080 450 590 1,010 370 490 990 360 
7/s 1,460 500 660 1,440 490 640 1,350 410 550 1,330 390 

41/z 
I 1,800 540 720 1,760 530 710 1,560 440 590 1,520 420 

5/s 1,040 600 660 1,020 590 650 960 520 600 950 500 
31/z 

314 1,490 740 840 1,480 730 820 1,390 650 720 1,370 630 
7/s 1,950 920 960 1,920 910 940 1,690 820 810 1,650 800 
I 2,240 1,140 1,070 2,190 1,120 1,050 1,940 1,020 900 1,890 980 

5/s 790 420 530 780 410 520 720 350 470 710 330 
11/z 

314 1,100 460 700 1,080 450 690 1,010 370 580 990 360 
7/s 1,460 500 780 1,440 490 760 1,350 410 650 1,330 390 

51/z 
I 1,800 540 860 1,760 530 830 1,560 440 700 1,520 420 

5fs 1,040 600 660 1,020 590 650 960 520 610 950 500 

31/z % 1,490 740 920 1,480 730 900 1,390 650 770 1,370 630 
7/g 1,950 920 1,030 1,920 910 1,010 1,740 820 870 1,710 800 
I 2,370 1,140 1,150 2,330 1,120 1,120 2,120 1,020 960 2,080 980 

5fs 790 420 530 780 410 520 720 350 470 710 330 
I liz 

3/4 1,100 460 700 1,080 450 690 1,010 370 630 990 360 
7/s 1,460 500 900 1,440 490 890 1,350 410 810 1,330 390 

?liz I 1,800 540 1,130 1,760 530 1,110 1,560 440 920 1,520 420 

5fs 1,040 600 660 1,020 590 650 960 520 610 950 500 
31/z 3/4 1,490 740 920 1,480 730 910 1,390 650 840 1,370 630 

7/g 1,950 920 1,210 1,920 910 1,180 1,740 820 1,010 1,710 800 
I 2,370 1,140 1,340 2,330 1,120 1,300 2,120 1,020 1,100 2,080 980 

. . 1Tabulated lateral design values (Z) for bolted connections shall be multiplied by all applicable adJustment factors (see Table 23-III-A) . 
2Tabulated lateral design values (Z) are for "full diameter" bolts with a bending yield strength (Fyb) of 45,000 psi (310 N/mm2). 

430 700 
480 970 
530 1,280 
570 1,460 
570 930 
700 1,330 
790 1,590 
880 1,820 
460 700 
570 970 
630 1,280 
680 1,460 
590 930 
750 1,330 
840 1,660 
930 2,030 
460 700 
620 970 
800 1,280 
890 1,460 
590 930 
820 1,330 
980 1,660 

1,070 2,030 

320 
350 
370 
410 
490 
620 
770 
950 
320 
350 
370 
410 
490 
620 
770 
950 
320 
350 
370 
410 
490 
620 
770 
950 

410 
460 
500 
550 
560 
670 
750 
840 
450 
550 
590 
650 
580 
720 
800 
890 
450 
600 
770 
860 
580 
810 
920 

1,030 
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ID 
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TABLE 23-111-K-BOLT DESIGN VALUES (Z) FOR SINGLE SHEAR (Two-member) CONNECTIONS1,2,3 
FOR SAWN LUMBER WITH 114-INCH (6.4 mm) ASTM A 36 STEEL SIDE PLATE 

G:0.55 G:0.50 G:0.49 
G= 0.67 MIXED MAPLE DOUGLAS DOUGLAS 

THicKNESS RED OAK SOUTHERN PINE FIR·LARCH FIR-LARCH (N) 
Main Member Steel Side Plate BOLT DIAMETER ~~~- zl. ~~~- zJ. 1~. zl. ~~~- zl. 
~Inches fslnches Dlnches lbs. lbs. lbs. lbs. 

x25.41ormm x 4.451or N 
1h 670 380 570 310 530 270 520 270 

s/s 840 430 710 350 660 320 650 310 

11h .,4 3/4 1,010 490 860 390 800 360 780 350 

7/s 1,180 540 1,000 440 930 400 920 390 

I 1,350 580 1,140 480 1,060 440 1,050 430 

lh 850 570 780 440 750 390 750 380 

s/s 1,270 640 1,100 500 1,010 440 990 430 

21h 1/4 3/4 1,580 710 1,320 550 1,210 490 1,190 480 

7/s 1,850 770 1,540 610 1,410 540 1,390 520 

I 2,110 830 1,760 650 1,620 590 1,590 560 

1h 850 570 780 500 750 450 750 440 

s/s 1,270 750 1,170 580 1,130 510 1,120 500 

3 1/4 3/4 1,800 830 1,560 640 1,430 570 1,410 550 

7/s 2,200 900 1,830 700 1,670 620 1,650 600 

1 2,510 970 2,090 750 1,910 670 1,880 650 

1h 850 570 780 500 750 470 750 460 
s/s 1,270 800 1,170 670 1,130 580 1,120 570 

31h 114 3/4 1,800 960 1,650 730 1,580 650 1,570 630 

7Js 2,420 1,040 2,120 800 1,940 710 1,900 680 
I 2,920 1,110 2,420 850 2,210 760 2,180 730 

s/s 1,270 800 1,170 710 1,130 660 1,120 660 

41h 1/4 
3/4 1,800 1,090 1,650 920 1,580 820 1,570 790 
7/s 2,420 1,310 2,220 1,010 2,130 880 2,110 850 

I 3,140 1,400 2,880 1,070 2,760 950 2,740 910 

G=0.46 
DOUGLAS FIR (S) 

HEM-AR(N) 

~~~- zl. 
lbs. 

500 250 

620 290 

740 330 

870 370 

990 410 

730 350 

940 400 

1,120 450 

1,310 480 

1,500 530 

730 410 

1,090 460 

1,330 510 

1,550 550 

1,770 610 

730 450 

1,090 520 

1,530 580 
1,790 630 
2,050 690 

1,090 630 

1,530 730 

2,050 780 

2,610 850 

... 
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5/g 1,270 800 1,170 710 

51h 1/4 
3/4 1,800 1,090 1,650 950 

7/g 2,420 1,410 2,220 1,220 

I 3,140 1,700 2,880 1,290 

5/g 1,270 800 1,170 710 

71h 1/4 
3/4 1,800 1,090 1,650 950 

7/g 2,420 1,410 2,220 1,240 

I 3,140 1,760 2,880 1,540 
3/4 1,800 1,090 1,650 950 

91h 1/4 7/g 2,420 1,410 2,220 1,240 

I 3,140 1,760 2,880 1,540 

11 1h 1/4 
7/g 2,420 1,410 2,220 1,240 

I 3,140 1,760 2,880 1,540 

J31h 1/4 1 3,140 1,760 2,880 1,540 

1,130 660 1,120 

1,580 900 1,570 

2,130 1,070 2,110 

2,760 1,150 2,740 

1,130 660 1,120 

1,580 900 1,570 

2,130 1,160 2,110 

2,760 1,460 2,740 

1,580 900 1,570 

2,130 1,160 2,110 

2,760 1,460 2,740 

2,130 1,160 2,110 

2,760 1,460 2,740 

2,760 1,460 2,740 

660 1,090 

880 1,530 

1,030 2,050 

1,100 2,660 

660 1,090 

880 1,530 

1,140 2,050 

1,420 2,660 

880 1,530 

1,140 2,050 

1,420 2,660 

1,140 2,050 

1,420 2,660 

1,420 2,660 

630 

850 

940 

1,030 

630 

850 

1,090 

1,380 

850 

1,090 

1,380 

1,090 

1,380 

1,380 

.... 
U) 

~ 
c z 
~ 
::D 
i!: 
aJ 
c 
r= 
0 z 
G) 

0 
0 
0 
m 



TABLE 23-III·K-BOLT DESIGN VALUES (Z) FOR SINGLE SHEAR (Two-member) CONNECTIONS1•2·3 
FOR SAWN LUMBER WITH 1/4-INCH (6.4 mm) ASTM A 36 STEEL SIDE PLATE-{Continued) 

G:0.36 
EASTERN 

SOFTWOODS 
G:0.37 SPRUCE·PINE-FIR(S) 

G:0.43 G:0.42 REDWOOD WESTERN CEDARS 
THICKNESS HEM-FIR SPRUCE-PINE-FIR (open grain) WESTERN WOODS 

Main Member Steel Side Plate BOLT DIAMETER .~. zj_ . ~~. zj_ . ~~. zj_ ~~~ . zj_ 
~inches fsinches Olnches lbs. lbs. lbs. lbs. 

x25.4formm x 4.45 for N 

'lz 470 240 460 230 420 210 410 200 
s/s 590 270 580 270 530 240 520 230 

1'h .,4 3/4 700 310 690 300 630 270 620 270 
7/g 820 340 810 340 740 300 720 300 
1 940 380 920 370 840 340 830 330 
ltz 700 320 690 310 620 270 600 260 

SJs 880 370 860 360 770 310 760 300 
2'h t;4 3/4 1,050 410 1,030 400 930 340 910 330 

7/g 1,230 450 1,210 440 1,080 380 1,060 370 
1 1,410 490 1,380 480. 1,240 410 1,210 400 
lh 710 370 700 360 660 310 660 300 

SJs 1,040 420 1,020 410 910 360 890 340 
3 1/4 3/4 1,240 470 1,220 460 1,090 390 1,060 380 

7/g 1,450 510 1,420 500 1,270 430 1,240 420 
1 1,660 560 1,630 540 1,450 460 1,420 450 

'h 710 430 700 410 660 350 660 340 
s/s 1,050 480 1,040 470 990 400 980 380 

31h .,4 3/4 1,440 530 1,410 520 1,250 440 1,230 420 
7/g 1,680 570 1,640 560 1,460 480 1,430 470 
1 1,910 630 1,880 610 1,670 520 1,630 500 

5/s 1,050 600 1,040 580 990 500 980 470 

41/z 1/4 
3/4 1,480 660 1,470 640 1,390 540 1,370 520 
7/g 1,990 710 1,970 700 1,860 590 1,810 570 
1 2,440 770 2,390 750 2,120 640 2,070 620 

G:0.35 
NORTHERN SPECIES 

~~~ . zj_ 
lbs. 

400 200 
500 230 
600 260 
700 290 
800 320 
580 260 
730 290 
880 330 

1,020 350 
1,170 390 

650 290 
860 330 

1,030 370 
1,200 400 
1,370 440 

650 330 
960 370 

1,180 410 
1,380 440 
1,580 490 

960 460 
1,350 510 
1,750 540 
2,000 600 

.... 
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5/s 1,050 600 1,040 600 990 550 980 

51h 1/4 
% 1,480 790 1,470 770 1,390 640 1,370 

7/s 1,990 860 1,970 830 1,860 710 1,840 

I 2,580 930 2,550 900 2,410 760 2,390 

5/s 1,050 600 1,040 600 990 550 980 

7lh 1/4 
3/4 1,480 810 1,470 800 1,390 730 1,370 

7/s 1,990 1,040 1,970 1,030 1,860 940 1,840 

I 2,580 1,250 2,550 1,210 2,410 1,010 2,390 

3/4 1,480 810 1,470 800 1,390 730 1,370 

91h 1/4 7/s 1,990 1,040 1,970 1,030 1,860 950 1,840 

I 2,580 1,310 2,550 1,290 2,410 1,180 2,390 

ll 1h 1/4 
7/s 1,990 1,040 1,970 1,030 1,860 950 1,840 

I 2,580 1,310 2,550 1,290 2,410 1,180 2,390 

13 1h 1/4 I 2,580 1,310 2,550 1,290 2,410 1,180 2,390 
1Tabulated lateral design values (Z) for bolted connections shall be mult1phed by all applicable adjustment factors (see Table 23-III-A). 
2Tabulated lateral design values (Z) are for "full diameter" bolts with a bending yield strength (Fyb) of 45,000 psi (310 N/mm2). 
3Tabulated lateral design values (Z) are based on a dowel-bearing strength (F,) of 58,000 psi (400 N/mm2) for ASTM A 36 steel. 

540 960 

620 1,350 

680 1,810 

730 2,350 

540 960 

720 1,350 

910 1,810 

980 2,350 

720 1,350 

930 1,810 

1,160 2,350 

930 1,810 

1,160 2,350 

1,160 2,350 

530 

610 

640 

710 

530 

710 

860 

940 

710 

900 

1,140 

900 

1,140 

1,140 
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TABLE 23·11l·L-BOLT DESIGN VALUES (Z) FOR SINGLE SHEAR (Two-member) CONNECTIONS1·2 
FOR GLUED-LAMINATED TIMBER MAIN MEMBER WITH SAWN LUMBER SIDE MEMBER OF IDENTICAL SPECIES 

G=0.36 
G:0.55 G=0.50 G= 0.46 G= 0.43 G= 0.42 SPRUCE-PINE-FIR ~) 

THICKNESS SOUTHERN PINE DOUGLAS FIR-LARCH DOUGLAS FIR (S) HEM-FIR SPRUCE-PINE-FIR WESTERN WOOD 

Main Side BOLT 
Mem- Mem- DIAM-

ber ber HER 

in~es inc~es D ~I Z..L [;~ lil z,.L rrs~ ~~:. iii [;~ 1~. Z..L t: ~I iii fl:'.~ .~:. iii fl:'s~ inches lbs. I tis. lbs. I tis. ltis. lbs. 

x 25.41or mm x4.451orN 

'h - - - 610 370 370 580 340 330 550 320 310 540 320 300 490 280 240 
SJs - - - 850 520 430 780 470 390 730 420 360 710 410 350 610 330 290 

21h Jlh 3/4 - - - 1,020 590 500 940 520 450 870 460 410 850 450 400 740 360 330 
7/g - - - 1,190 630 550 1,090 550 500 1,020 500 450 1,000 490 440 860 390 370 
I - - - 1,360 680 610 1,250 600 550 1,160 540 500 1,140 530 490 980 420 410 

'h 660 400 470 - - - - - - - - - - - - - - -
SJs 940 560 550 - - - - - - - - - - - - - - -

3 Jlh % 1,270 660 620 - - - - - - - - - - - - - - -
7/g 1,520 720 690 - - - - - - - - - - - - - - -
I I,740 770 750 - - - - - - - - - - - - - - -

liz - - - 610 370 430 580 340 390 550 320 360 540 320 340 490 280 280 
5Js - - - 880 520 500 830 470 450 790 420 410 780 410 400 710 330 330 

31/g 11/z 3/4 - - - 1,200 590 570 1,130 520 510 1,060 460 460 1,040 450 450 890 360 370 
7/g - - - 1,440 630 630 1,320 550 560 I,230 500 510 1,210 490 500 1,040 390 410 
I - - - 1,640 680 690 1,510 600 620 1,410 540 560 1,380 530 550 1,190 420 450 

5/g 940 560 640 - - - - - - - - - - - - - - -

5 1'/z % 1,270 660 850 - - - - - - - - - - - - - - -
7/g I,680 720 I,020 - - - - - - - - - - - - - - -
1 2,150 770 1,100 - - - - - - - - - - - - - - -

5/g - - - 880 520 590 830 470 560 790 420 530 780 410 520 710 330 460 

51/g 1lh 3/4 - - - 1,200 590 790 1,140 520 740 1,100 460 670 I,080 450 660 990 360 530 
7/g - - - I,590 630 920 1,520 550 810 1,460 500 740 1,440 490 720 1,330 390 590 
I - - - 2,050 680 990 1,930 600 890 1,800 540 810 I,760 530 780 1,520 420 640 

5/g 940 560 640 880 520 590 830 470 560 790 420 530 780 410 520 710 330 460 

6% l'fz 
3/4 1,270 660 850 1,200 590 790 I,\40 520 740 1,100 460 700 1,080 450 690 990 360 620 
7/g 1,680 720 1,090 1,590 630 1,010 1,520 550 950 I,460 500 900 I,440 490 890 1,330 390 750 
I 2,150 770 1,350 2,050 680 1,270 1,930 600 1,140 1,800 540 1,030 1,760 530 1,000 1,520 420 810 

1Tabulated lateral design values (Z) for bolted connections shall be multiplied by all applicable adjustment factors (see Table 23-111-A). 
2Tabulated lateral design values (Z) are for "full diameter" bolts with a bending yield strength (F,b) of 45,000 psi (310 N/mm2). 
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TABLE 23-111-M-BOLT DESIGN VALUES (Z) FOR SINGLE SHEAR (Two-member) 
CONNECTIONS1,2,3 FOR GLUED-LAMINATED TIMBER WITH 1/4-INCH (6.4 mm) ASTM A 36 STEEL SIDE PLATE 

6=0.36 
6=0.55 6= 0.50 6=0.46 6=0.43 6= 0.42 SPRUCE·PINE·FIR ~S) 

THICKNESS BOLT 
SOUTHERN PINE DOUGLAS FIR-LARCH DOUGLAS FIR (S) HEM-FIR SPRUCE·PINE·FIR WESTERN WOOD 

Main Member Sleel Side Plale DIAMETER, 1~. ZJ. 1~. ZJ. 1~. ZJ. 1~. ZJ. ~~~- ZJ. Zit ZJ. 
'-inches ~inches Dinches lbs. lbs. lbs. lbs. lbs. lbs. lbs. 

x25.41or mm x4.451or N 

1tz - - 750 390 730 350 700 320 690 310 600 260 

5/g - - 1,010 440 940 400 880 370 860 360 760 300 

21/z 1/4 3/4 - - 1,210 490 1,120 450 1,050 410 1,030 400 910 330 
7/g - - 1,410 540 1,310 480 1,230 450 1,210 440 1,060 370 

I - - 1,620 590 1,500 530 1,410 490 1,380 480 1,210 400 

1tz 780 500 - - - - - - - - - -
5/g 1,170 580 - - - - - - - - - -

3 1/4 3/4 1,560 640 - - - - - - - - - -
7 /g 1,830 700 - - - - - - - - - -
I 2,090 750 - - - - - - - - - -

1tz - - 750 470 730 420 710 390 700 370 660 310 
5/s - - 1,130 530 1,090 480 1,050 430 1,040 430 920 350 

31/g 1/4 % - - 1,490 590 1,380 530 1,290 480 1,270 470 1,100 390 
7/g - - 1,740 640 1,610 570 1,510 520 1,480 510 1,290 430 

I - - 1,990 690 1,840 630 1,720 570 1,690 560 1,470 460 

5Js 1,170 710 - - - - - - - - - -
1/4 

3/4 1,650 950 - - - - - - - - - -
5 7/g 2,220 1,110 - - - - - - - - - -

I 2,880 1,180 - - - - - - - - - -

5/g - - 1,130 660 1,090 630 1,050 600 1,040 600 980 530 

51/s 1/4 
3/4 - - 1,580 900 1,530 820 1,480 740 1,470 720 1,370 590 
7/s - - 2,130 1,000 2,050 880 1,990 800 1,970 780 1,840 640 

I - - 2,760 1,070 2,660 960 2,580 870 2,550 850 2,350 690 

5/g 1,170 710 1,130 660 1,090 630 1,050 600 1,040 600 980 540 

63/4 1/4 
3/4 1,650 950 1,580 900 1,530 850 1,480 810 1,470 800 1,370 720 
7/g 2,220 1,240 2,130 1,160 2,050 1,090 1,990 1,040 1,970 1,010 1,840 830 

I 2,880 1,540 2,760 1,400 2,660 1,250 2,580 1,130 2,550 1,100 2,390 890 

(Contmued) 
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TABLE 23-111-M-BOLT DESIGN VALUES (Z) FOR SINGLE SHEAR (Two-member) 
CONNECTIONS1,2,3 FOR GLUED-LAMINATED TIMBER WITH 1t4-INCH (6.4 mm) ASTM A 36 STEEL SIDE PLATE-(Continued) 

3/4 1,650 950 - - - - - - -

81/z '14 7/s 2,220 1,240 - - - - - - -
1 2,880 1,540 - - - - - - -

3/4 - - 1,580 900 1,530 850 1,480 810 1,470 

83/4 1/4 7/s - - 2,130 1,160 2,050 1,090 1,990 1,040 1,970 

1 - - 2,760 1,460 2,660 1,380 2,580 1,310 2,550 

101/z 1/4 
7/s 2,220 1,240 - - - - - - -
I 2,880 1,540 - - - - - - -

103/4 1/4 
7/s - - 2,130 1,160 2,050 1,090 1,990 1,040 1,970 

1 - - 2,760 1,460 2,660 1,380 2,580 1,310 2,550 

121/4 1/4 
7/s - - 2,130 1,160 2,050 1,090 1,990 1,040 1,970 

1 - - 2,760 1,460 2,660 1,380 2,580 1,310 2,550 

141/4 1/4 1 - - 2,760 1,460 2,660 1,380 2,580 1,310 2,550 
1Tabulated lateral design values (Z) for bolted connectiOns shall be muluphed by all applicable adjustment factors (see Table 23-III-A). 
2Tabulated lateral design values (Z) are for "full diameter" bolts with a bending yield strength (Fyb) of 45,000 psi (310 N/mm2). 

3Tabulated lateral design values (Z) are based on a dowel-bearing strength (Fe) of 58,000 psi (400 N/mm2) for ASTM A 36 steel. 
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THICKNESS 

Main Side 
Mem- Mem-
ber,~ 
inches 

ber, t, 
Inches 

x25.4formm 

lih llh 

21h llh 

3 lih 

llh 

31h 

31f2 

TABLE 23-111-N-BOLT DESIGN VALUES (Z) FOR DOUBLE SHEAR (Three-member) CONNECTIONS1·2 
FOR SAWN LUMBER WITH ALL MEMBERS OF IDENTICAL SPECIES 

G:0.46 
G:0.67 G:O.SS G:O.SO G:0.49 DOUGLAS FIR (S) 

RED OAK MIXED MAPLE DOUGLAS RR-LARCH DOUGLAS RR-LARCH (N) HEM-RR(N) 

BOLT 
DIAME-
TER,D 1:~. Z.J. t.: I:Jl. ~ ~ I:Jl. 

Z.l. t.: ~:~. Z.J. t.: I:Jl. 
Z.l. t.: Inches lbs. lbs. lbs. lbs. 

x 4.45for N 

lh 1,410 960 730 1,150 800 550 1,050 730 470 1,030 720 460 970 680 420 

5/g 1,760 1,310 810 1,440 1,130 610 1,310 1,040 530 1,290 1,030 520 1,210 940 470 

3/4 2,110 1,690 890 1,730 1,330 660 1,580 1,170 590 1,550 1,130 560 1,450 1,040 520 

7/g 2,460 1,920 960 2,020 1,440 720 1,840 1,260 630 1,800 1,210 600 1,690 1,100 550 

I 2,810 2,040 1,020 2,310 1,530 770 2,100 1,350 680 2,060 1,290 650 1,930 1,200 600 

lh 1,530 960 1,120 1,320 800 910 1,230 730 790 1,210 720 760 1,160 680 700 

5/s 2,150 1,310 1,340 1,870 1,130 1,020 1,760 1,040 880 1,740 1,030 860 1,660 940 780 

3/4 2,890 1,770 1,480 2,550 1,330 1,110 2,400 1,170 980 2,380 1,130 940 2,280 1,040 860 

7/g 3,780 1,920 1,600 3,360 1,440 1,200 3,060 1,260 1,050 3,010 1,210 1,010 2,820 1,100 920 

I 4,690 2,040 1,700 3,840 1,530 1,280 3,500 1,350 1,130 3,440 1,290 1,080 3,220 1,200 1,000 

lh 1,530 960 1,120 1,320 800 940 1,230 730 860 1,210 720 850 1,160 680 810 

5/g 2,150 1,310 1,510 1,870 1,130 1,220 1,760 1,040 1,050 1,740 1,030 1,030 1,660 940 940 

% 2,890 1,770 1,780 2,550 1,330 1,330 2,400 1,170 1,170 2,380 1,130 1,130 2,280 1,040 1,040 

7/g 3,780 1,920 1,920 3,360 1,440 1,440 3,180 1,260 1,260 3,150 1,210 1,210 3,030 1,100 1,100 

I 4,820 2,040 2,040 4,310 1,530 1,530 4,090 1,350 1,350 4,050 1,290 1,290 3,860 1,200 1,200 

lh 1,530 960 1,120 1,320 800 940 1,230 730 860 1,210 720 850 1,160 680 810 

5/g 2,150 1,310 1,510 1,870 1,130 1,290 1,760 1,040 1,190 1,740 1,030 1,170 1,660 940 1,090 

3/4 2,890 1,770 1,980 2,550 1,330 1,550 2,400 1,170 1,370 2,380 1,130 1,310 2,280 1,040 1,210 

7/s 3,780 1,920 2,240 3,360 1,440 1,680 3,180 1,260 1,470 3,150 1,210 1,410 3,030 1,100 1,290 

I 4,820 2,040 2,380 4,310 1,530 1,790 4,090 1,350 1,580 4,050 1,290 1,510 3,860 1,200 1,400 

lh 1,660 1,180 1,180 1,500 1,040 1,040 1,430 970 970 1,420 960 960 1,370 920 920 

5/g 2,590 1,770 1,770 2,340 1,560 1,420 2,240 1,410 1,230 2,220 1,390 1,200 2,150 1,290 1,090 

3/4 3,730 2,380 2,070 3,380 1,910 1,550 3,220 1,750 1,370 3,190 1,700 1,310 3,090 1,610 1,210 

7/g 5,080 2,820 2,240 4,600 2,330 1,680 4,290 2,130 1,470 4,210 2,070 1,410 3,940 1,960 1,290 

I 6,560 3,340 2,380 5,380 2,780 1,790 4,900 2,580 1,580 4,810 2,520 1,510 4,510 2,410 1,400 

(Continued) 
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TABLE 23-111-N-BOLT DESIGN VALUES (Z) FOR DOUBLE SHEAR (Three-member) CONNECTIONS1,2 
FOR SAWN LUMBER WITH ALL MEMBERS OF IDENTICAL SPECIEs-( Continued) 

G:0.46 
G:0.67 G:0.55 G:O.SO G:0.49 DOUGLAS AR (S) 

THICKNESS RED OAK MIXED MAPLE DOUGLAS FIR-LARCH DOUGLAS AR-LARCH (N) 
Main Side BOLT 
Mem- Mem- DIAME-
ber,~ ber, Is TER,D ~~~. Zs.L ~: ~~~. Zs.L ~ ~~~. Zs.L ~: ~~~. ~ ~: inches inches inches lbs. lbs. lbs. 

x25.4formm x4.45for N 

5/g 2,150 1,310 1,510 1,870 1,130 1,290 1,760 1,040 1,190 1,740 1,030 1,170 

Jltz 
3/4 2,890 1,770 1,980 2,550 1,330 1,690 2,400 1,170 1,580 2,380 1,130 1,550 

7/g 3,780 1,920 2,520 3,360 1,440 2,170 3,180 1,260 1,890 3,150 1,210 1,810 

41/z 
I 4,820 2,040 3,060 4,310 1,530 2,300 4,090 1,350 2,030 4,050 1,290 1,940 

5Js 2,590 1,770 1,770 2,340 1,560 1,560 2,240 1,410 1,460 2,220 1,390 1,450 

3itz 
3/4 3,730 2,380 2,480 3,380 1,910 1,990 3,220 1,750 1,760 3,190 1,700 1,690 

7/g 5,080 2,820 2,870 4,600 2,330 2,170 4,390 2,130 1,890 4,350 2,070 1,810 

I 6,630 3,340 3,060 5,740 2,780 2,300 5,330 2,580 2,030 5,250 2,520 1,940 

5/g 2,150 1,310 1,510 1,870 1,130 1,290 1,760 1,040 1,190 1,740 1,030 1,170 

Jltz 
3/4 2,890 1,770 1,980 2,550 1,330 1,690 2,400 1,170 1,580 2,380 1,130 1,550 

7/g 3,780 1,920 2,520 3,360 1,440 2,170 3,180 1,260 2,030 3,150 1,210 1,990 

51/z 
I 4,820 2,040 3,120 4,310 1,530 2,700 4,090 1,350 2,480 4,050 1,290 2,370 

5/g 2,590 1,770 1,770 2,340 1,560 1,560 2,240 1,410 1,460 2,220 1,390 1,450 

31/z 
314 3,730 2,380 2,480 3,380 1,910 2,180 3,220 1,750 2,050 3,190 1,700 2,020 

7/g 5,080 2,820 3,290 4,600 2,330 2,650 4,390 2,130 2,310 4,350 2,070 2,210 

1 6,630 3,340 3,740 5,740 2,780 2,810 5,330 2,580 2,480 5,250 2,520 2,370 

5/g 2,150 1,310 1,510 1,870 1,130 1,290 1,760 1,040 1,190 1,740 1,030 1,170 

Jltz 
3/4 2,890 1,770 1,980 2,550 1,330 1,690 2,400 1,170 1,580 2,380 1,130 1,550 

7/g 3,780 1,920 2,520 3,360 1,440 2,170 3,180 1,260 2,030 3,150 1,210 1,990 

71/z 
I 4,820 2,040 3,120 4,310 1,530 2,700 4,090 1,350 2,530 4,050 1,290 2,480 

5/g 2,590 1,770 1,770 2,340 1,560 1,560 2,240 1,410 1,460 2,220 1,390 1,450 

31/z 
3/4 3,730 2,380 2,480 3,380 1,910 2,180 3,220 1,750 2,050 3,190 1,700 2,020 

7/g 5,080 2,820 3,290 4,600 2,330 2,890 4,390 2,130 2,720 4,350 2,070 2,670 

I 6,630 3,340 4,190 5,740 2,780 3,680 5,330 2,580 3,380 5,250 2,520 3,230 
1 Tabulated lateral design values (Z) for bolted connections shall be muluphed by all applicable adjustment factors (see Table 23-III-A). 
2Tabulated lateral design values (Z) are for "full diameter" bolts with a bending yield strength (Fyb) of 45,000 psi (310 N/mm2). 

HEM-FIR(N) 

1~. Zs.L 
lbs. ~: 

1,660 940 1,110 

2,280 1,040 1,480 

3,030 1,100 1,650 

3,860 1,200 1,800 

2,150 1,290 1,390 

3,090 1,610 1,550 

4,130 1,960 1,650 

4,990 2,410 1,800 

1,660 940 1,110 

2,280 1,040 1,480 

3,030 1,100 1,900 

3,860 1,200 2,200 

2,150 1,290 1,390 

3,090 1,610 1,900 

4,130 1,960 2,020 

4,990 2,410 2,200 

1,660 940 1,110 

2,280 1,040 1,480 

3,030 1,100 1,900 

3,860 1,200 2,390 

2,150 1,290 1,390 

3,090 1,610 1,940 

4,130 1,960 2,560 

4,990 2,410 3,000 
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G:0.43 G:0.42 
THICKNESS 

BOLT 
HEM-AR SPRUCE-PINE·AR 

Main Side DIAME· 
Member, Member, TER,D .~~- Zs.L ~: .~~- Zs.L ~: ~~~-~Inches fs Inches Inches lbs. lbs. 

x25.4formm 

'lz 900 650 380 880 640 370 780 
5/g 1,130 840 420 1,100 830 410 970 

11/z 1'/z 3/4 1,350 920 460 1,320 900 450 1,170 

7/s 1,580 1,000 500 1,540 970 490 1,360 

1 1,800 1,080 540 1,760 1,050 530 1,560 

'lz 1,100 650 640 1,080 640 610 990 

5fs 1,590 840 700 1,570 830 690 1,450 

2'/z 1'/z 3/4 2,190 920 770 2,160 900 750 1,950 

7/s 2,630 1,000 830 2,570 970 810 2,270 

1 3,000 1,080 900 2,940 1,050 880 2,590 

'lz 1,100 650 760 1,080 640 740 990 

s/s 1,590 840 840 1,570 830 830 1,450 

3 11/z 3/4 2,190 920 920 2,160 900 900 2,010 
7/s 2,920 1,000 1,000 2,880 970 970 2,690 

1 3,600 1,080 1,080 3,530 1,050 1,050 3,110 

'h 1,100 650 760 1,080 640 740 990 
5/s 1,590 840 980 1,570 830 960 1,450 

11h % 2,190 920 1,080 2,160 900 1,050 2,010 

7/s 2,920 1,000 1,160 2,880 970 1,130 2,690 

31h 
1 3,600 1,080 1,260 3,530 1,050 1,230 3,110 

'lz 1,330 880 880 1,310 870 860 1,230 
5/s 2,070 1,190 980 2,050 1,170 960 1,930 

3'/z % 2,980 1,490 1,080 2,950 1,460 1,050 2,720 
7/g 3,680 1,840 1,160 3,600 1,810 1,130 3,180 

I 4,200 2,280 1,260 4,110 2,240 1,230 3,630 

~ .... 
C) 

(Continued) 
.... 
w 

G:0.36 
EASTERN SOFTWOODS 

G:0.37 SPRUCE·PINE·FIR(S) 
REDWOOD WESTERN CEDARS 
(open grain) WESTERN WOODS 

z,j_ 
ltis. ~: .~. z,j_ 

lbs. ~: 
x4.45for N 

580 310 760 560 290 

690 350 950 660 330 

740 370 1,140 720 360 

810 410 1,330 790 390 

870 440 1,520 840 420 

580 510 980 560 490 

690 580 1,430 660 550 

740 620 1,900 720 600 

810 680 2,210 790 660 

870 730 2,530 840 700 

580 620 980 560 590 

690 690 1,430 660 660 

740 740 1,990 720 720 

810 810 2,660 790 790 

870 870 3,040 840 840 

580 670 980 560 660 

690 810 1,430 660 770 

740 870 1,990 720 840 

810 950 2,660 790 920 

870 1,020 3,040 840 980 

800 720 1,220 780 680 

1,030 810 1,900 1,000 770 

1,290 870 2,660 1,270 840 

1,640 950 3,100 1,610 920 

2,030 1,020 3,540 1,960 980 

G:0.35 
NORTHERN SPECIES 

.~~- Zs.L 
lbs. ~: 

730 550 290 

910 640 320 
1,100 700 350 
1,280 740 370 

1,460 810 410 

950 550 480 

1,390 640 530 
1,830 700 580 
2,130 740 610 
2,440 810 680 

950 550 570 
1,390 640 640 
1,940 700 700 
2,560 740 740 

2,930 810 810 

950 550 640 
1,390 640 740 

1,940 700 810 
2,560 740 860 
2,930 810 950 

1,200 760 670 
1,870 970 740 
2,560 1,240 810 

2,990 1,550 860 
3,410 1,890 950 
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TABLE 23-111-N-BOLT DESIGN VALUES (Z) FOR DOUBLE SHEAR (Three-member) CONNECTIONS1,2 
FOR SAWN LUMBER WITH ALL MEMBERS OF IDENTICAL SPECIE5-{Continued) 

G:0.36 
EASTERN SOFTWOODS 

G:0.37 SPRUCE-PINE-FIR(S) 
G:0.43 G:0.42 REDWOOD WESTERN CEDARS 

THICKNESS 
BOLT 

HEM-FIR SPRUCE-PINE-FIR (open grain) WESTERN WOODS 

Main Side DIAME· 
Member, Member, TER,D ~~u. Z...L ~~ I~R. Z,_L ~~ I~R. Z...L ~~ I~R. Z...L ~~ ~inches fsinches inches lbs. lbs. lbs. lbs. 

x25.4formm x4.45 for N 

5/s 1,590 840 1,050 1,570 830 1,040 1,450 690 940 1,430 660 920 

J'fz 
3J4 2,190 920 1,380 2,160 900 1,350 2,010 740 1,110 1,990 720 1,080 

7/s 2,920 1,000 1,500 2,880 970 1,460 2,690 810 1,220 2,660 790 1,180 

4'/z 
I 3,600 1,080 1,620 3,530 1,050 1,580 3,110 870 1,310 3,040 840 1,260 

5/s 2,070 1,190 1,270 2,050 1,170 1,240 1,930 1,030 1,040 1,900 1,000 980 

3'/z 
3/4 2,980 1,490 1,380 2,950 1,460 1,350 2,770 1,290 1,110 2,740 1,270 1,080 

7/s 3,900 1,840 1,500 3,840 1,810 1,460 3,480 1,640 1,220 3,410 1,610 1,180 

1 4,730 2,280 1,620 4,660 2,240 1,580 4,240 2,030 1,310 4,170 1,960 1,260 
5/s 1,590 840 1,050 1,570 830 1,040 1,450 690 940 1,430 660 920 

11/z 
3/4 2,190 920 1,400 2,160 900 1,380 2,010 740 1,250 1,990 720 1,230 

7/s 2,920 1,000 1,800 2,880 970 1,780 2,690 810 1,490 2,660 790 1,440 

5'/z 
1 3,600 1,080 1,980 3,530 1,050 1,930 3,110 870 1,600 3,040 840 1,540 

5/s 2,070 1,190 1,320 2,050 1,170 1,310 1,930 1,030 1,210 1,900 1,000 1,180 

3'/z 
3/4 2,980 1,490 1,690 2,950 1,460 1,650 2,770 1,290 1,360 2,740 1,270 1,320 

7/s 3,900 1,840 1,830 3,840 1,810 1,780 3,480 1,640 1,490 3,410 1,610 1,440 

1 4,730 2,280 1,980 4,660 2,240 1,930 4,240 2,030 1,600 4,170 1,960 1,540 

5/s 1,590 840 1,050 1,570 830 1,040 1,450 690 940 1,430 660 920 

11/z 
% 2,190 920 1,400 2,160 900 1,380 2,010 740 1,250 1,990 720 1,230 

7/s 2,920 1,000 1,800 2,880 970 1,780 2,690 810 1,630 2,660 790 1,600 

7'/z 
1 3,600 1,080 2,270 3,530 1,050 2,240 3,110 870 2,040 3,040 840 2,010 

5/s 2,070 1,190 1,320 2,050 1,170 1,310 1,930 1,030 1,210 1,900 1,000 1,180 

3'/z 
3/4 2,980 1,490 1,850 2,950 1,460 1,820 2,770 1,290 1,670 2,740 1,270 1,650 

7/s 3,900 1,840 2,450 3,840 1,810 2,420 3,480 1,640 2,030 3,410 1,610 1,970 

1 4,730 2,280 2,700 4.660 2,240 2,630 4,240 2,030 2,180 4,170 1,960 2,100 
1Tabulated lateral design values (Z) for bolted connections shall be multiplied by all applicable adjustment factors (see Table 23-111-A). 
2Tabulated lateral design values (Z) are for "full diameter" bolts with a bending yield strength (Fyb) of 45,000 psi (310 N/mm2). 

G:0.35 
NORTHERN SPECIES 

~~u. Z...L 
lbs. ~~ 

1,390 640 900 
1,940 700 1,050 

2,560 740 1,100 

2,930 810 1,220 

1,870 970 960 
2,660 1,240 1,050 

3,320 1,550 1,100 

4,050 1,890 1,220 

1,390 640 900 

1,940 700 1,210 

2,560 740 1,350 

2,930 810 1,490 

1,870 970 1,160 

2,660 1,240 1,280 

3,320 1,550 1,350 
4,050 1,890 1,490 

1,390 640 900 
1,940 700 1,210 

2,560 740 1,550 

2,930 810 1,970 

1,870 970 1,160 

2,660 1,240 1,620 

3,320 1,550 1,840 

4,050 1,890 2,030 

..... 
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TABLE 23-111-0--BOLT DESIGN VALUES (Z) FOR DOUBLE SHEAR (Three-member) CONNECTIONS1•2•3 
FOR SAWN LUMBER WITH 1/4-INCH (6.4 mm) ASTM A 36 STEEL SIDE PLATE 

G:0.55 G:0.50 G:0.49 
G:0.67 MIXED MAPLE DOUGLAS FIR- DOUGLAS FIR· 

THICI(JIESS RED OAK SOUTHERN PINE LARCH LARCH (N) 
Main Member Steel Side Plate BOLT DIAMETER 

1.Jves 
zl. im~!lfes zl. lm~~es zl. 

in:!lfes 
zl. 

~Inches t, Inches Dinches inches inches Inches inches 

x25.4formm x4.45 for N 

'lz 1,410 730 1,150 550 1,050 470 1,030 460 

5fs 1,760 810 1,440 610 1,310 530 1,290 520 

I 1/z 1/4 % 2,110 890 1,730 660 1,580 590 1,550 560 

7;8 2,460 960 2,020 720 1,840 630 1,800 600 

I 2,810 1,020 2,310 770 2,100 680 2,060 650 

'lz 1,700 1,130 1,570 910 1,510 790 1,500 760 

s;8 2,550 1,340 2,350 1,020 2,190 880 2,150 860 

2'1z 114 3/4 3,520 1,480 2,880 1,110 2,630 980 2,580 940 

7;8 4,100 1,600 3,360 1,200 3,060 1,050 3,010 1,010 

I 4,690 1,700 3,840 1,280 3,500 1,130 3,440 1,080 

'lz 1,700 1,130 1,570 1,000 1,510 940 1,500 920 

s;8 2,550 1,610 2,350 1,220 2,250 1,050 2,240 1,030 

3 114 3/4 3,590 1,780 3,300 1,330 3,150 1,170 3,090 1,130 

7;8 4,830 1,920 4,040 1,440 3,680 1,260 3,610 1,210 

I 5,630 2,040 4,610 1,530 4,200 1,350 4,130 1,290 

'lz 1,700 1,130 1,570 1,000 1,510 940 1,500 930 

5fs 2,550 1,610 2,350 1,420 2,250 1,230 2,240 1,200 

3'/z 114 3/4 3,590 2,070 3,300 1,550 3,170 1,370 3,150 1,310 
7;8 4,830 2,240 4,440 1,680 4,260 1,470 4,210 1,410 

I 6,270 2,380 5,380 1,790 4,900 1,580 4,810 1,510 

5f8 2,550 1,610 2,350 1,420 2,250 1,330 2,240 1,320 

4'/z 114 
3;4 3,590 2,170 3,300 1,910 3,170 1,760 3,150 1,690 

7;8 4,830 2,810 4,440 2,170 4,260 1,890 4,220 1,810 

I 6,270 3,060 5,750 2,300 5,520 2,030 5,480 1,940 

(Continued) 

G: 0.46 
DOUGLAS FIR (S) 

HEM-FIR(N) 

in:lles 
zl. 

Inches 

970 420 

1,210 470 

1,450 520 

1,690 550 

1,930 600 

1,460 700 

2,010 780 

2,410 860 

2,820 920 

3,220 1,000 

1,460 840 

2,170 940 

2,900 1,040 

3,380 1,100 

3,860 1,200 

1,460 890 
2,170 1,090 
3,060 1,210 
3,940 1,290 

4,510 1,400 

2,170 1,260 

3,060 1,550 

4,100 1,650 

5,320 1,800 
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TABLE 23·111-0-BOLT DESIGN VALUES (Z) FOR DOUBLE SHEAR (Three-member) CONNECTIONS1·2,3 
FOR SAWN LUMBER WITH 1/4-INCH (6.4 mm) ASTM A 36 STEEL SIDE PLATE-{Continued) 

G:0.55 G:0.50 G:0.49 
G: 0.67 MIXED MAPLE DOUGLAS FIR· DOUGLAS FIR· 

THICKNESS RED OAK SOUTHERN PINE LARCH LARCH(N) 

Main Member Steel Side Plate BOLT DIAMETER 
1ncflles 

zj_ 
in:lles 

zj_ 
in:lles 

zj_ l~es ~Inches Is Inches Olnches Inches Inches Inches 

x25.4formm x4.45 for N 

5;g 2,550 1,610 2,350 1,420 2,250 1,330 2,240 

51h 1/4 
3/4 3,590 2,170 3,300 1,910 3,170 1,800 3,150 

7/g 4,830 2,810 4,440 2,470 4,260 2,310 4,220 

1 6,270 3,530 5,750 2,810 5,520 2,480 5,480 

5fs 2,550 1,610 2,350 1,420 2,250 1,330 2,240 

71h 1
/4 

3/4 3,590 2,170 3,300 1,910 3,170 1,800 3,150 

7/g 4,830 2,810 4,440 2,470 4,260 2,320 4,220 

1 6,270 3,530 5,750 3,090 5,520 2,910 5,480 

3/4 3,590 2,170 3,300 1,910 3,170 1,800 3,150 

91/z 1/4 7/g 4,830 2,810 4,440 2,470 4,260 2,320 4,220 

1 6,270 3,530 5,750 3,090 5,520 2,910 5,480 

lll!z 1/4 
7/g 4,830 2,810 4,440 2,470 4,260 2,320 4,220 

1 6,270 3,530 5,750 3,090 5,520 2,910 5,480 

13'/z 1/4 I 6,270 3,530 5,750 3,090 5,520 2,910 5,480 
1Tabulated lateral design values (Z) for bolted connections shall be multiplied by all applicable adjustment factors (see Table 23-III-A). 
2Tabulated lateral design values (Z) are for "full diameter" bolts with a bending yield strength (Fyb) of 45i000 psi (31 0 N/mm2). 
3Tabulated lateral design values (Z) are based on a dowel-bearing strength (F,) of 58,000 psi (400 N/mm ) for ASTM A 36 steel. 

zj_ 
inches 

1,320 

1,770 

2,210 

2,370 

1,320 

1,770 

2,280 

2,850 

1,770 

2,280 

2,850 

2,280 

2,850 

2,850 

G-0.46 
DOUGLAS AR (S) 

HEM-FIR(N) 

ln:lles 
zj_ 

Inches 

2,170 1,260 

3,060 1,700 

4,100 2,020 

5,320 2,200 

2,170 1,260 

3,060 1,700 

4,100 2,180 

5,320 2,750 

3,060 1,700 

4,100 2,180 

5,320 2,750 

4,100 2,180 

5,320 2,750 

5,320 2,750 
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G:0.43 G:0.42 
THICKNESS HEM-FIR SPRUCE-PINE-FIR 

Main Member Steel Side Plate BOLT DIAMETER 
ln.;wes 

ZJ. ln!~es ZJ. 
~Inches to Inches Dlnches Inches Inches 

x25.4formm 

ltz 900 380 880 370 

5/g 1,130 420 1,100 410 

Jltz 1/4 3/4 1,350 460 1,320 450 

7/g 1,580 500 1,540 490 

1 1,800 540 1,760 530 

ltz 1,410 640 1,400 610 

5/g 1,880 700 1,840 690 

21/z 1/4 3/4 2,250 770 2,200 750 

7/g 2,630 830 2,570 810 

1 3,000 900 2,940 880 

ltz 1,410 770 1,400 740 

5/g 2,110 840 2,090 830 

3 1/4 3/4 2,700 920 2,640 900 

7/g 3,150 1,000 3,080 970 

I 3,600 1,080 3,530 1,050 

ltz 1,410 860 1,400 840 

5fs 2,110 980 2,090 960 

31/z 1/4 3/4 2,960 1,080 2,940 1,050 

7/g 3,680 1,160 3,600 1,130 

1 4,200 1,260 4,ll0 1,230 

(Continued) 

G=0.36 
EASTERN 

SOFTWOODS 
G:0.37 SPRUCE-PINE-FIR(S) 

REDWOOD WESTERN CEDARS 
(open grain) WESTERN WOODS 

in!~s ZJ. in!~es ZJ. 
Inches inches 

x4.45 for N 

780 310 760 290 

970 350 950 330 

1,170 370 1,140 360 

1,360 410 1,330 390 

1,560 440 1,520 420 

1,300 510 1,270 490 

1,620 580 1,580 550 

1,950 620 1,900 600 

2,270 680 2,210 660 

2,590 730 2,530 700 

1,330 620 1,310 590 

1,950 690 1,900 660 

2,330 740 2,280 720 

2,720 810 2,660 790 

3,110 870 3,040 840 

1,330 720 1,310 680 

1,980 810 1,960 770 

2,720 870 2,660 840 

3,180 950 3,100 920 

3,630 1,020 3,540 980 

G:0.35 
NORTHERN 

SPECIES 

In:~ ZJ. 
inches 

730 290 

910 320 

1,100 350 

1,280 370 

1,460 410 

1,220 480 

1,520 530 

1,830 580 

2,130 610 

2,440 680 

1,290 570 

1,830 640 

2,190 700 

2,560 740 

2,930 810 

1,290 670 

1,930 740 

2,560 810 

2,990 860 

3,410 950 
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TABLE 23-111-0-BOLT DESIGN VALUES (Z) FOR DOUBLE SHEAR (Three-member) CONNECTIONS1,2,3 
FOR SAWN LUMBER WITH 114-INCH (6.4 mm) ASTM A 36 STEEL SIDE PLATE-(Continued) 

G= 0.36 
EASTERN 

SOFTWOODS 
G=0.37 SPRUCE-PINE-FIR(S) 

G=0.43 G=0.42 REDWOOD WESTERN CEDARS 
THICKNESS HEM-FIR SPRUCE-PINE-FIR (open grain) WESTERN WOODS 

Main Member Steel Side Plate BOLT DIAMETER . zu zj_ int'~es zj_ int'~es zj_ in{~es t, inches Is Inches Dinches oncl'ies inches Inches Inches 

x25.4formm x 4.45for N 

5/g 2,110 1,200 2,090 1,190 1,980 1,040 1,960 

4'/z 1/4 

314 2,960 1,380 2,940 1,350 2,780 1,110 2,750 
7/g 3,980 1,500 3,940 1,460 3,730 1,220 3,690 

I 5,150 1,620 5,110 1,580 4,670 1,310 4,560 
5/g 2,110 1,200 2,090 1,190 1,980 1,100 1,960 

51h 1/4 

3/4 2,960 1,610 2,940 1,590 2,780 1,360 2,750 
7/g 3,980 1,830 3,940 1,780 3,730 1,490 3,690 

I 5,150 1,980 5,110 1,930 4,830 1,600 4,770 
5/s 2,110 1,200 2,090 1,190 1,980 1,100 1,960 

71h 1/4 

314 2,960 1,610 2,940 1,590 2,780 1,460 2,750 

7/g 3,980 2,080 3,940 2,060 3,730 1,890 3,690 

I 5,150 2,620 5,110 2,590 4,830 2,180 4,770 
314 2,960 1,610 2,940 1,590 2,780 1,460 2,750 

9 1h 1/4 7/g 3,980 2,080 3,940 2,060 3,730 1,890 3,690 

I 5,150 2,620 5,110 2,590 4,830 2,370 4,770 

11 1h 1/4 
7/g 3,980 2,080 3,940 2,060 3,730 1,890 3,690 

I 5,150 2,620 5,110 2,590 4,830 2,370 4,770 

13 1h 1/4 I 5,150 2,620 5,110 2,590 4,830 2,370 4,770 
1Tabulated lateral design values (Z) for bolted connectiOns shall be multiphed by all applicable adjustment factors (see Table 23-III-A). 
2Tabulated lateral design values (Z) are for "full diameter" bolts with a bending yield strength <Fvb) of 45,000 psi (3 10 N/mm2). 
3Tabulated lateral design values (Z) are based on a dowel-bearing strength <Fe) of 58,000 psi (400 N/m2) for ASTM A 36 steel. 

zj_ 
inches 

980 

1,080 

1,180 

1,260 

1,070 

1,320 

1,440 

1,540 

1,070 

1,440 

1,860 

2,100 

1,440 

1,860 

2,330 

1,860 

2,330 

2,330 

G=0.35 
NORTHERN 

SPECIES 

in~es zj_ 
inches 

1,930 960 

2,700 1,050 

3,620 1,100 

4,390 1,220 

1,930 1,060 

2,700 1,280 

3,620 1,350 

4,690 1,490 

1,930 1,060 

2,700 1,410 

3,620 1,800 

4,690 2,030 

2,700 1,410 

3,620 1,800 

4,690 2,290 

3,620 1,800 

4,690 2,290 

4,690 2,290 
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TABLE 23-III·P-eOLT DESIGN VALUES (Z) FOR DOUBLE SHEAR (Three-member) CONNECTIONS1,2 FOR GLUED-LAMINATED TIMBER MAIN 
MEMBER WITH SAWN LUMBER SIDE MEMBERS OF IDENTICAL SPECIES 

6= 0.36 
BDLT 6= 0.55 6=0.50 6=0.46 6= 0.43 6= 0.42 SPRUCE-PINE-FIR ~S) 

THICKNESS DIAM· SOUTHERN PINE DOUGLAS FIR-LARCH DOUGLAS FIR (S) HEM·FIR SPRUCE-PINE-FIR WESTERN WOOD 
Main Side ETER, 

Member Member 0, lil ~t. ~~ '~- ~ ~~ lil ~.L ~~ ~~~- ~ ~~ ~~~- ~.l ~~ ~~~- ~.l ~~ '-Inches ~inches inches lbs. lbs. I tis. !tis. !tis. 
x25.4formm x 4.45for N 

'h - - - 1,230 730 790 1,160 680 700 1,100 650 640 1,080 640 610 980 560 490 
5Js - - - 1,760 1,040 880 1,660 940 780 1,590 840 700 1,570 830 690 1,430 660 550 

21h l'fz % - - - 2,400 1,170 980 2,280 1,040 860 2,190 920 770 2,160 900 750 1,900 720 600 
7/s - - - 3,060 1,260 1,050 2,820 1,100 920 2,630 1,000 830 2,570 970 810 2,210 790 660 
I - - - 3,500 1,350 1,130 3,220 1,200 1,000 3,000 1,080 900 2,940 1,050 880 2,530 840 700 

'h 1,320 800 940 - - - - - - - - - - - - - - -
5Js 1,870 1,130 1,220 - - - - - - - - - - - - - - -

3 11/z % 2,550 1,330 1,330 - - - - - - - - - - - - - - -
7/s 3,360 1,440 1,440 - - - - - - - - - - - - - - -
I 4,310 1,530 1,530 - - - - - - - - - - - - - - -
'h - - - 1,230 730 860 1,160 680 810 1,100 650 760 1,080 640 740 980 560 610 
5/s - - - 1,760 1,040 1,090 1,660 940 980 1,590 840 880 1,570 830 860 1,430 660 680 

31/s l'h % - - - 2,400 1,170 1,220 2,280 1,040 1,080 2,190 920 960 2,160 900 940 1,990 720 750 
7/s - - - 3,180 1,260 1,310 3,030 1,100 1,150 2,920 1,000 1,040 2,880 970 1,010 2,660 790 820 
I - - - 4,090 1,350 1,410 3,860 1,200 1,250 3,600 1,080 1,130 3,530 1,050 1,090 3,040 840 880 

5/s 1,870 1,130 1,290 - - - - - - - - - - - - - - -

5 1'/z 
314 2,550 1,330 1,690 - - - - - - - - - - - - - - -
7/s 3,360 1,440 2,170 - - - - - - - - - - - - - - -
I 4,310 1,530 2,550 - - - - - - - - - - - - - - -

5/s - - - 1,760 1,040 1,190 1,660 940 1,110 1,590 840 1,050 1,570 830 1,040 1,430 660 920 

51/s 11h 
314 - - - 2,400 1,170 1,580 2,280 1,040 1,480 2,190 920 1,400 2,160 900 1,380 1,990 720 1,230 
1Js - - - 3,180 1,260 2,030 3,030 1,100 1,880 2,920 1,000 1,700 2,880 970 1,660 2,660 790 1,350 
I - - - 4,090 1,350 2,310 3,860 1,200 2,050 3,600 1,080 1,850 3,530 1,050 1,790 3,040 840 1,440 

5/s 1,870 1,130 1,290 1,760 1,040 1,190 1,660 940 1,110 1,590 840 1,050 1,570 830 1,040 1,430 660 920 

6% l'h 
314 2,550 1,330 1,690 2,400 1,170 1,580 2,280 1,040 1,480 2,190 920 1,400 2,160 900 1,380 1,990 720 1,230 
1Js 3,360 1,440 2,170 3,180 1,260 2,030 3,030 1,100 1,900 2,920 1,000 1,800 2,880 970 1,780 2,660 790 1,600 
I 4,310 1,530 2,700 4,090 1,350 2,530 3,860 1,200 2,390 3,600 1,080 2,270 3,530 1,050 2,240 3,040 840 1,890 

1Tabulated lateral design values (Z) for bolted connections shall be multiplied by all applicable adjustment factors (see Table 23-III-A). 
2Tabulated lateral design values (Z) are for "full diameter" bolts with a bending yield strength (Fyb) of 45,000 psi (310 N/mm2). 
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TABLE 23·111-Q-BOLT DESIGN VALUES (Z) FOR DOUBLE SHEAR (Three-member) CONNECTIONS1•2·3 FOR GLUED-LAMINATED TIMBER 
WITH 1f4-1NCH (6.4 mm) ASTM A 36 STEEL SIDE PLATE 

G:O.SO G: 0.36 
G:O.SS DOUGLAS FIR- G: 0.46 G:0.43 G:0.42 SPRUCE·PINE-FIR (S) 

THICKNESS SOUTHERN PINE LARCH DOUGLAS FIR (S) HEM-FIR SPRUCE-PINE-FIR WESTERN WOODS 

Steel Side BOLT 
Main Member Plate DIAMETER, ~:u. ZJ. ~:u. ZJ. ~:u. ZJ. ~:u. ZJ. ~:u. ZJ. ~:u. ZJ. 
~inches t,inches Oinches lbs. lbs. lbs. lbs. lbs. lbs. 

x25.4formm x4.45 for N 

Ih - - 1,510 790 1,460 700 1,410 640 1,400 610 1,270 490 

5/g - - 2,190 880 2,010 780 1,880 700 1,840 690 1,580 550 

21h 1/4 314 - - 2,630 980 2,410 860 2,250 770 2,200 750 1,900 600 

7/g - - 3,060 1,050 2,820 920 2,630 830 2,570 810 2,210 660 

I - - 3,500 1,130 3,220 1,000 3,000 900 2,940 880 2,530 700 

Ih 1,570 1,000 - - - - - - - - - -

5/s 2,350 1,220 - - - - - - - - - -
3 1/4 314 3,300 1,330 - - - - - - - - - -

7/g 4,040 1,440 - - - - - - - - - -

1 4,610 1,530 - - - - - - - - - -
Ih - - 1,510 940 1,460 880 1,410 800 1,400 770 1,310 610 
5/s - - 2,250 1,090 2,170 980 2,110 880 2,090 860 1,960 680 

31/g 1/4 314 - - 3,170 1,220 3,020 1,080 2,810 960 2,750 940 2,370 750 

7/g - - 3,830 1,310 3,520 1,150 3,280 1,040 3,210 1,010 2,770 820 

I - - 4,380 1,410 4,020 1,250 3,750 1,130 3,670 1,090 3,160 880 

5/g 2,350 1,420 - - - - - - - - - -

1/4 
314 3,300 1,910 - - - - - - - - - -

5 
7/g 4,440 2,410 - - - - - - - - - -
I 5,750 2,550 - - - - - - - - - -

5/g - - 2,250 1,330 2,170 1,260 2,110 1,200 2,090 1,190 1,960 1,070 

51/g 1/4 
314 - - 3,170 1,800 3,060 1,700 2,960 1,580 2,940 1,540 2,750 1,230 

7/g - - 4,260 2,150 4,100 1,880 3,980 1,700 3,940 1,660 3,690 1,350 

I - - 5,520 2,310 5,320 2,050 5,150 1,850 5,110 1,790 4,770 1,440 

..... 
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5/g 2,350 1,420 2,250 1,330 2,170 1,260 2,110 1,200 2,090 

63/4 1/4 
3/4 3,300 1,910 3,170 1,800 3,060 1,700 2,960 1,610 2,940 

7/s 4,440 2,470 4,260 2,320 4,100 2,180 3,980 2,080 3,940 

I 5,750 3,090 5,520 2,910 5,320 2,700 5,150 2,430 5,110 

3/4 3,300 1,910 - - - - - - -
8lh 1/4 7/g 4,440 2,470 - - - - - - -

I 5,750 3,090 - - - - - - -
3/4 - - 3,170 1,800 3,060 1,700 2,960 1,610 2,940 

83/4 1/4 7/g - - 4,260 2,320 4,100 2,180 3,980 2,080 3,940 

I - - 5,520 2,910 5,320 2,750 5,150 2,620 5,110 

JOlh 1/4 
7/g 4,440 2,470 - - - - - - -

I 5,750 3,090 - - - - - - -

10% 1/4 
7/s - - 4,260 2,320 4,100 2,180 3,980 2,080 3,940 

I - - 5,520 2,910 5,320 2,750 5,150 2,620 5,110 

121/4 1/4 
7/g - - 4,260 2,320 4,100 2,180 3,980 2,080 3,940 

I - - 5,520 2,910 5,320 2,750 5,150 2,620 5,110 

J41/4 1/4 I - - 5,520 2,910 5,320 2,750 5,150 2,620 5,110 
1Tabulated lateral design values (Z) for bolted connections shall be mult!phed by all applicable adJustment factors (see Table 23-111-A). 
2Tabulated lateral design values (Z) are for "full diameter" bolts with a bending yield strength (Fyb) of 45,000 psi (31 0 N/mm2). 

3Tabulated lateral design values (Z) are based on a dowel-bearing strength (F,) of 58,000 psi (400 N/mm2) for ASTM A 36 steel. 

1,190 1,960 

1,590 2,750 

2,060 3,690 

2,360 4,770 

- -
- -
- -

1,590 2,750 

2,060 3,690 

2,590 4,770 

- -
- -

2,060 3,690 

2,590 4,770 

2,060 3,690 

2,590 4,770 

2,590 4,770 

1,070 

1,440 

1,770 

1,890 

-

-
-

1,440 

1,860 

2,330 

-
-

1,860 

2,330 

1,860 

2,330 

2,330 
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TABLE 23-111-R-DOWEL-BEARING STRENGTH FOR LAG SCREW CONNECTIONS 

DOWEL-BEARING STRENGTH IN POUNDS PER SQUARE INCH (psi) 

x 6.89 x 1o-3 for Nlmm2 

SPE- Fel. Fel. Fel. ~';_]_ Fel. Fel. Fel. Fel. 
CIFIC1 0:1/4 D=511& D=3f8 D= 11& D:1f2 D=51s D=3f4 D=1fa 

GRAVITY Inch inch inch inch inch inch Inch Inch 
SPECIES COMBINATION G Fell (6.4mm) (7.9mm) (9.5mm) (11 mm) (13mm) (16mm) (19mm) (22mm) 

Aspen 0.39 4,350 3,100 2,800 2,550 2,350 2,200 1,950 1,800 1,650 

Balsam fir 0.36 4,050 2,750 2,500 2,250 2,100 1,950 1,750 1,600 I ,500 

Beech-birch-hickory 0.71 7,950 7,400 6,650 6,050 5,600 5,250 4,700 4,300 3,950 

Coast sitka spruce 0.39 4,350 3,100 2,800 2,550 2,350 2,200 1,950 1,800 1,650 

Cottonwood 0.41 4,600 3,350 3,000 2,750 2,550 2,350 2,100 1,950 1,800 

Douglas frr-larch 0.50 5,600 4,450 4,000 3,650 3,400 3,150 2,800 2,600 2,400 

Douglas fir-larch (north) 0.49 5,500 4,350 3,900 3,550 3,300 3,050 2,750 2,500 2,300 

Douglas fir-south 0.46 5,150 3,950 3,550 3,250 3,000 2,800 2,500 2,300 2,100 

Eastern hemlock 0.41 4,600 3,350 3,000 2,750 2,550 2,350 2,100 1,950 1,800 

Eastern hemlock-tamarack 0.41 4,600 3,350 3,000 2,750 2,550 2,350 2,100 1,950 1,800 

Eastern hemlock-tamarack 0.47 5,250 4,100 3,650 3,350 3,100 2,900 2,600 2,350 2,200 
(north) 

Eastern softwoods 0.36 4,050 2,750 2,500 2,250 2,100 1,950 1,750 1,600 1,500 

Eastern spruce 0.41 4,600 3,350 3,000 2,750 2,550 2,350 2,100 1,950 1,800 

Eastern white pine 0.36 4,050 2,750 2,500 2,250 2,100 1,950 1,750 1,600 1,500 

Engelmann spruce- 0.46 5,150 3,950 3,550 3,250 3,000 2,800 2,500 2,300 2,100 
lodgepole pine2 (MSR I 650f 
and higher grades) 

Engelmann spruce-
lodgepole pine2 (MSR 1500f 

0.38 4,250 3,000 2,700 2,450 2,250 2,100 1,900 1,750 1,600 

and lower grades) 

Fel. 
Fel. D=11f8 

0=1 inch inches 
(25mm) (29mm) 

1,550 1,450 
1,400 1,300 

3,700 3,500 
1,550 1,450 
1,650 1,600 
2,250 2,100 
2,150 2,050 

2,000 1,850 

1,650 1,600 

1,650 1,600 
2,050 1,900 

1,400 1,300 
1,650 1,600 
1,400 1,300 
2,000 1,850 

1,500 1,400 

Fel. 
D=11f4 
inches 

(32mm) 

1,400 
1,250 

3,300 
1,400 

1,500 
2,000 

1,950 
1,750 

1,500 
1,500 
1,850 

1,250 
1,500 

1,250 
1,750 

1,350 
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Hem-fir 0.43 4,800 3,600 3,200 2,950 2,700 2,550 
Hem-fir (north) 0.46 5,150 3,950 3,550 3,250 3,000 2,800 
Mixed maple 0.55 6,150 5,150 4,600 4,200 3,900 3,650 

Mixed oak 0.68 7,600 6,950 6,250 5,700 5,250 4,950 
Mixed southern pine 0.51 5,700 4,600 4,100 3,750 3,450 3,250 
Mountain hemlock 0.47 5,250 4,100 3,650 3,350 3,100 2,900 
Northern pine 0.42 4,700 3,450 3,100 2,850 2,600 2,450 
Northern red oak 0.68 7,600 6,950 6,250 5,700 5,250 4,950 
Northern species 0.35 3,900 2,650 2,400 2,150 2,000 1,900 
Northern white cedar 0.31 3,450 2,250 2,000 1,800 1,700 1,600 

Ponderosa pine 0.43 4,800 3,600 3,200 2,950 2,700 2,550 
Red maple 0.58 6,500 5,550 4,950 4,500 4,200 3,900 
Red oak 0.67 7,500 6,850 6,100 5,550 5,150 4,850 
Red pine 0.44 4,950 3,700 3,300 3,050 2,800 2,600 
Redwood, close grain 0.44 4,950 3,700 3,300 3,050 2,800 2,600 
Redwood, open grain 0.37 4,150 2,900 2,600 2,350 2,200 2,050 
Sitka spruce 0.43 4,800 3,600 3,200 2,950 2,700 2,550 
Southern pine 0.55 6,150 5,150 4,600 4,200 3,900 3,650 
Spruce-pine-fir 0.42 4,700 3,450 3,100 2,850 2,600 2,450 
Spruce-pine-fir (south) 0.36 4,050 2,750 2,500 2,250 2,100 1,950 

Western cedars 0.36 4,050 2,750 2,500 2,250 2,100 1,950 
Western cedars (north) 0.35 3,900 2,650 2,400 2,150 2,000 1,900 
Western hemlock 0.47 5,250 4,100 3,650 3,350 3,100 2,900 
Western hemlock (north) 0.46 5,150 3,950 3,550 3,250 3,000 2,800 
Western white pine 0.40 4,500 3,250 2,900 2,650 2,450 2,300 
Western woods 0.36 4,050 2,750 2,500 2,250 2,100 1,950 
Whiteoak 0.73 8,200 7,750 6,900 6,300 5,850 5,450 
Yellow poplar 0.43 4,800 3,600 3,200 2,950 2,700 2,550 

1Specific gravity based on weight and volume when oven dry. 
2App1ies only to Engelmann spruce-lodgepole pine machine-stress-rated (MSR) structural lumber. 

2,250 2,050 1,900 
2,500 2,300 2,100 
3,250 2,950 2,750 
4,400 4,050 3,750 
2,900 2,650 2,450 
2,600 2,350 2,200 
2,200 2,000 1,850 
4,400 4,050 3,750 
1,700 1,550 1,400 
1,400 1,300 1,200 

2,250 2,050 1,900 
3,500 3,200 2,950 
4,300 3,950 3,650 
2,350 2,150 2,000 
2,350 2,150 2,000 
1,850 1,650 1,550 
2,250 2,050 1,900 
3,250 2,950 2,750 
2,200 2,000 1,850 
1,750 1,600 1,500 

1,750 1,600 1,500 
1,700 1,550 1,400 
2,600 2,350 2,200 
2,500 2,300 2,100 
2,050 1,850 1,750 
1,750 1,600 1,500 
4,900 4,450 4,150 
2,250 2,050 1,900 

1,800 1,700 
2,000 1,850 
2,550 2,400 
3,500 3,300 
2,300 2,150 
2,050 1,900 
1,750 1,650 
3,500 3,300 
1,350 1,250 
1,100 1,050 

1,800 1,700 
2,750 2,600 
3,400 3,200 
1,850 1,750 
1,850 1,750 
1,450 1,350 
1,800 1,700 
2,550 2,400 
1,750 1,650 
1,400 1,300 

1,400 1,300 
1,350 1,250 
2,050 1,900 
2,000 1,850 
1,600 1,500 
1,400 1,300 
3,850 3,650 
1,800 1,700 

1,600 
1,750 
2,300 
3,100 
2,050 
1,850 
1,550 
3,100 
1,200 
1,000 

1,600 
2,500 
3,050 
1,650 
1,650 
1,300 
1,600 
2,300 
1,550 
1,250 

1,250 
1,200 
1,850 
1,750 
1,450 
1,250 
3,450 
1,600 
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TABLE 23-111-S--LAG SCREW WITHDRAWAL DESIGN VALUES (W)1 

Tabulated withdrawal design values are in pounds per inch (N/mm2) of thread penetration into side grain of main member. 

SPECIAC GRAVITY, G 

0.73 
0.71 
0.68 
0.67 
0.58 
0.55 
0.51 
0.50 
0.49 
0.47 
0.46 
0.44 
0.43 
0.42 
0.41 
0.40 
0.39 
0.38 
0.37 
0.36 
0.35 
0.31 

Length of thread penetration in main member shall not include the length of the tapered tip (see Table 23-111-SS). 
(x 6.89 X 1 o-3 for N/mm2) 

LAG SCREW UNTHREADED SHANK DIAMETER, 0 
1i4 1nch 511& inch 3fa Inch 7!16 inch 1f2 inch 5fa inch 3f4 inch 118 inch 1 inch 1118 inches 

(6.4mm) (7.9mm) (9.5mm) (11 mm) (13mm) (16mm) (19mm) (22mm) (25mm) (29mm) 

397 469 538 604 668 789 905 1,016 1,123 1,226 
381 450 516 579 640 757 868 974 1,077 1,176 
357 422 484 543 600 709 813 913 1,009 1,103 
349 413 473 531 587 694 796 893 987 1,078 
281 332 381 428 473 559 641 719 795 869 
260 307 352 395 437 516 592 664 734 802 
232 274 314 353 390 461 528 593 656 716 
225 266 305 342 378 447 513 576 636 695 
218 258 296 332 367 434 498 559 617 674 
205 242 278 312 345 408 467 525 580 634 
199 235 269 302 334 395 453 508 562 613 
186 220 252 283 312 369 423 475 525 574 
179 212 243 273 302 357 409 459 508 554 
173 205 235 264 291 344 395 443 490 535 
167 198 226 254 281 332 381 428 473 516 
161 190 218 245 271 320 367 412 455 497 
155 183 210 236 261 308 353 397 438 479 
149 176 202 227 251 296 340 381 422 461 
143 169 194 218 241 285 326 367 405 443 
137 163 186 209 231 273 313 352 389 425 
132 156 179 200 222 262 300 337 373 407 
110 130 149 167 185 218 250 281 311 339 

1Tabulated withdrawal design values (W) for Jag screw connections shall be multiplied by all applicable adjustment factors (see Table 23-111-A). 

11/4 inches 
(32mm) 

1,327 
1,273 
1,193 
1,167 

940 
868 
775 
752 
730 
686 
664 

621 
600 
579 
559 
538 
518 
498 
479 
460 
441 
367 
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SIDE LAG 
MEMBER SCREW 
THICK· DIAME· 
NESS TER 

Is D 
inches inches 

x 25.4for mm 

1/4 

'h 5h6 
3/s 
1/4 

5/g 51J6 

3/g 

114 
314 51J6 

3/g 

1/4 

I 5h6 
3/g 

,,4 

11/4 5h6 
% 
1/4 

Jltz 5"6 
3/s 

TABLE 23·111-T-LAG SCREW DESIGN VALUES (Z) FOR SINGLE SHEAR (Two-member) CONNECTIONS1•2 

WITH BOTH MEMBERS OF IDENTICAL SPECIES 

G: 0.55 G:0.46 
G: 0.67 MIXED MAPLE G:0.50 G:0.49 DOUGLAS FIR (S) 

RED OAK SOUTHERN PINE DOUGLAS FIR-LARCH DOUGLAS FIR-LARCH (N) HEM-FIR(N) 

zu Z..J. ~1. zu Z..J. ~1. Zil Z..J. ~1. Zil Z..l. ~1. zu Z..J. 
lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. 

x4.45for N 

190 !50 !50 170 130 130 160 110 120 160 110 120 !50 100 
270 190 210 240 140 180 220 130 170 210 120 170 200 llO 
340 210 250 290 160 220 260 140 200 260 130 200 240 120 
210 160 160 180 130 140 170 120 130 170 120 130 160 120 
290 210 220 250 180 190 240 160 180 240 150 170 230 140 
350 250 260 310 200 230 290 170 210 290 170 210 280 !50 
230 170 180 200 140 !50 180 130 140 180 130 140 170 120 
310 220 240 270 190 200 250 170 190 250 170 180 240 160 
380 260 280 330 220 240 310 210 220 310 200 220 290 180 
260 200 200 230 160 180 210 !50 160 210 !50 160 200 140 
360 250 270 300 210 230 280 190 210 280 190 210 270 170 
430 290 330 370 240 270 350 220 250 340 220 250 330 210 
260 200 200 230 180 180 220 170 170 220 170 170 210 150 
370 280 280 340 230 250 320 210 240 320 210 230 300 190 
470 330 340 420 270 300 390 240 290 390 240 280 370 220 
260 200 200 230 180 180 220 170 170 220 170 170 210 160 
370 280 280 340 250 250 320 230 240 320 230 230 310 210 
470 340 340 420 300 300 400 270 290 400 260 280 390 240 

(Continued) 

~1. 
lbs. 

120 
160 
190 
120 
170 
200 
130 
170 
210 
!50 
200 
240 
160 
220 
270 
160 
220 
270 
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SIDE LAG 
MEMBER SCREW 
THICK- OIAME-
NESS TER 

Is D 
Inches Inches 

x25.4formm 

7h6 
liz 

I liz 5Js 
cont. 3/4 

7/g 

I 

11/g 

11/4 

1/4 
5h6 
3/g 
7h6 
liz 

2liz 5/g 
314 
7/g 

I 

11/g 

11/4 

TABLE 23-111-T-LAG SCREW DESIGN VALUES (Z) FOR SINGLE SHEAR (Two-member) CONNECTIONS1,2 
WITH BOTH MEMBERS OF IDENTICAL SPECIES-(Continued) 

G:O.SS G:0.46 
G:0.67 MIXED MAPLE G:O.SO G:0.49 DOUGLAS FIR (S) 

RED OAK SOUTHERN PINE DOUGLAS FIR-LARCH DOUGLAS FIR-LARCH (N) HEM-FIR (N) 

zu Zsl. ~1. Zit Zsl. ~1. zu Zsl. ~1. zu Zsl. ~1. Zil Zsl. 
lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. 

x4.45 for N 

630 430 460 570 350 400 540 320 380 540 310 380 510 290 

830 510 590 710 420 500 660 380 460 650 370 450 610 350 

1,140 670 800 980 570 680 920 530 620 910 520 620 870 470 

1,510 890 1,040 1,320 660 880 1,240 590 820 1,220 560 800 1,170 520 

1,940 960 1,300 1,710 720 1,110 1,620 630 1,040 1,600 600 1,020 1,540 550 

2,450 1,020 1,600 2,170 770 1,370 2,060 680 1,290 2,040 650 1,260 1,930 600 

3,030 1,080 1,930 2,590 810 1,670 2,360 710 1,560 2,320 690 1,540 2,170 620 

3,520 1,140 2,300 2,880 860 2,000 2,630 750 1,860 2,580 730 1,840 2,410 660 

260 200 200 230 180 180 220 170 170 220 170 170 210 160 

370 280 280 340 250 250 320 240 240 320 230 230 310 220 

470 340 340 420 300 300 400 290 290 400 280 280 390 270 

630 460 460 570 400 400 550 380 380 540 380 380 520 360 

830 590 590 750 520 520 710 480 480 710 480 480 690 450 

1,290 860 880 1,170 700 780 1,120 630 730 1,110 620 720 1,070 580 

1,860 1,060 1,240 1,680 870 1,090 1,570 800 1,020 1,550 780 1,010 1,470 740 

2,460 1,290 1,640 2,100 1,080 1,400 1,950 1,000 1,280 1,930 970 1,260 1,830 920 

2,970 1,550 1,980 2,560 1,280 1,660 2,390 1,130 1,530 2,360 1,080 1,500 2,250 1,000 

3,550 1,800 2,320 3,080 1,350 1,950 2,880 1,180 1,800 2,850 1,150 1,770 2,720 1,040 

4,190 1,910 2,680 3,650 1,440 2,270 3,430 1,250 2,100 3,390 1,220 2,070 3,250 1,090 

I Tabulated lateral design values (Z) for lag screw connections shall be multiplied by all applicable adjustment factors (see Table 23-111-A). 

~1. 
lbs. 

360 

430 

580 

760 

970 

1,210 

1,460 

1,750 

160 

220 

270 

360 

460 

690 

970 

1,180 

1,430 

1,670 

1,950 

2Tabulated lateral design values (Z) are for "full diameter" lag screws inserted in side grain with lag screw axis perpendicular to wood fibers, and with the following lag 
screw bending yield strengths (Fyb): 
Fyb = 70,000 psi (482 N/mm2) forD = 1/4 inch (6.4 mm) 
Fyh = 60,000 psi (413 N/mm2) forD = 5h6 inch (7.9 mm) 
Fyh = 45,000 psi (310 N/mm2) forD ~ 3/g inch (9.5 mm) 
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SIDE LAG 
MEMBER SCREW 
THICK- DIAME· G=0.43 G= 0.42 

NESS TEA HEM-FIR SPRUCE-PINE-FIR 

Is 0 Zil Zs.L ~.L Zrr Zs.L ~.L zu 
Inches inches lbs. lbs. lbs. lbs. lbs. lbs. lbs. 

x25.4 formm 
1/4 !50 90 110 !50 90 110 !30 

'lz 5"6 190 100 !50 180 100 !50 160 

3fs 230 110 180 220 110 180 !90 
1/4 160 110 120 150 110 110 140 

5/s 5"6 220 130 160 210 120 160 200 
3/s 270 140 190 270 130 190 240 
1/4 160 110 120 160 110 120 150 

3/4 51!6 230 150 170 220 150 160 210 
3/s 280 170 200 280 160 200 260 

'14 190 !30 140 190 120 140 170 

1 5h6 250 160 190 250 160 180 230 

3fs 310 190 220 300 190 220 280 
1/4 210 140 !50 200 140 !50 190 

11/4 5h6 280 180 210 280 170 210 250 
3/s 350 210 250 340 200 250 310 
114 210 !50 150 200 150 150 190 

11/z 
5h6 300 200 210 300 190 210 280 
3/g 370 230 260 370 220 260 340 
71!6 480 270 340 470 270 330 430 

(Continued) 

G=0.36 
EASTERN SOFTWOODS 

G= 0.37 SPRUCE-PINE-FIR(S) 
REDWOOD WESTERN CEDARS 
(open grain) WESTERN WOODS 

Zs.L ~.L Zir Zs.L ~.L 
lbs. lbs. lbs. lbs. lbs. 

x4.451or N 

70 100 130 70 100 
80 130 160 80 130 
90 160 190 80 !50 
90 100 140 90 100 

100 140 200 100 140 
110 170 240 110 170 
100 110 150 100 110 
120 150 200 120 150 
130 180 250 130 170 
110 120 170 110 120 
140 160 220 !40 160 
170 200 270 170 190 
120 140 190 120 140 
160 180 250 150 180 
180 220 300 180 210 
140 140 190 130 140 
170 190 270 160 190 
190 240 340 190 230 
240 300 420 230 290 

G= 0.35 
NORTHERN SPECIES 

Zir Zs.L ~.L 
lbs. lbs. lbs. 

120 70 100 
!50 80 120 
180 80 !50 
140 80 100 
190 90 140 
230 100 160 
140 100 100 
200 110 140 
250 120 170 
160 100 120 
220 140 160 
270 160 190 
180 110 130 
240 150 170 
300 170 210 
190 130 130 
270 160 190 
330 180 230 
410 230 280 
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SIDE LAG 
MEMBER SCREW 
THICK-

TABLE 23-111-T-LAG SCREW DESIGN VALUES (Z) FOR SINGLE SHEAR (Two-member) CONNECTIONS1,2 
WITH BOTH MEMBERS OF IDENTICAL SPECIES-( Continued) 

G:0.36 
EASTERN SOFTWOODS 

G:0.37 SPRUCE-PINE-FIR(S) 
G:0.43 G:0.42 REDWOOD WESTERN CEDARS G:0.35 DIAME-

NESS TER HEM-FIR SPRUCE-PINE-FIR (open grain) WESTERN WOODS NORTHERN SPECIES 

t, 0 Zj; Z.l. 4.J. Zj; Z..J. ~1. Zj; Z..J. 4.J. Zj; Z.l. 4.J. Z;; Z..J. 4.J. 
Inches Inches lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. 

x25.4for mm x 4.45 for N 

If2 580 330 400 570 320 400 520 290 350 510 290 350 500 280 340 
5/g 820 420 550 810 410 540 750 350 490 730 330 480 720 320 470 
314 1,120 460 720 1,100 450 710 1,020 370 640 1,010 360 630 980 350 620 

llh 7/g 1,470 500 920 1,450 490 900 1,350 410 820 1,330 390 810 1,280 370 780 
I 1,800 540 1,150 1,760 530 1,130 1,560 440 1,030 1,520 420 1,010 1,460 410 990 
Ills 2,030 570 1,400 1,980 560 1,380 1,750 460 1,250 1,710 440 1,230 1,650 420 1,200 
11/4 2,250 600 1,670 2,200 580 1,650 1,950 490 1,510 1,900 470 1,480 1,830 450 1,450 
1/4 210 150 150 200 150 150 190 140 140 190 140 140 190 130 130 
5h6 300 210 210 300 210 210 280 190 190 270 190 190 270 190 190 

% 370 260 260 370 260 260 350 240 240 340 230 230 340 230 230 
7h6 510 340 340 500 340 340 470 310 310 470 300 310 460 290 300 
If2 660 420 440 650 410 430 620 360 400 610 340 390 600 340 390 

21f2 5/g 1,030 540 660 1,020 530 650 960 470 600 940 460 590 910 450 580 
314 1,390 690 910 1,360 680 890 1,240 610 800 1,220 600 780 1,180 580 760 
7/g 1,740 830 1,110 1,710 810 1,090 1,560 680 980 1,540 660 960 1,500 610 930 
I 2,140 900 1,340 2,110 880 1,320 1,940 730 1,180 1,910 700 1,160 1,860 680 1,130 
Ills 2,600 960 1,590 2,560 930 1,560 2,360 760 1,400 2,330 730 1,370 2,270 700 1,340 
11/4 3,110 1,000 1,850 3,070 970 1,820 2,840 810 1,650 2,800 780 1,620 2,740 750 1,580 

1Tabulated lateral destgn values (Z) for lag screw connections shall be multiplied by all applicable adjustment factors (see Table 23-III-A). 
2Tabulated lateral design values (Z) are for "full diameter" lag screws inserted in side grain with lag screw axis perpendicular to wood fibers, and with the following lag 

screw bending yield strengths (Fyb): 
&b = 70,000 psi (482 N/mm2) forD = 1/4 inch (6.4 mm) 
':Yh = 60,000 psi (413 N/mm2) forD = 5h6 inch (7.9 mm) 
Fyb = 45,000 psi (310 N/mm2) forD c 3fs inch (9.5 mm) 
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TABLE 23-111-U-LAG SCREW DESIGN VALUES (Z) FOR SINGLE SHEAR (Two-member) CONNECTIONS1•2·3 
WITH 1/4-INCH (6.4 mm) ASTM A 36 STEEL SIDE PLATE OR ASTM A 446 GRADE A STEEL SIDE PLATE [For fs < 1/4 inch (6.4 mm)] 

G: 0.55 G:0.46 
G= 0.67 MIXED MAPLE G:0.50 G: 0.49 DOUGLAS FIR (S) 

STEEL LAG SCREW RED OAK SOUTHERN PINE DOUGLAS FIR-LARCH DOUGLAS FIR-LARCH (N) HEM-FIR (N) 

SIDE PLATE DIAMETER zll zj_ Zj; zj_ Zj; zj_ Zj; zj_ zll ZJ. 
fs inches Dinches lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. 

x25.4for mm x4.45 lorN 

1/4 330 260 310 230 300 220 300 210 290 200 
5h6 450 330 410 290 400 280 400 270 390 260 
3/g 550 390 510 350 490 330 480 320 470 310 
7h6 700 480 650 510 620 480 620 470 600 460 
lh 870 580 810 600 780 560 770 560 750 540 
5jg 1,290 820 1,190 840 1,140 790 1,140 780 1,100 750 
3/4 1,810 1,100 1,660 1,130 1,600 1,060 1,580 1,050 1,540 1,010 
7/g 2,420 1,410 2,220 1,750 2,130 1,640 2,120 1,620 2,060 1,560 

I 3,130 1,760 2,870 2,120 2,750 1,990 2,730 1,970 2,650 1,890 
Jljg 3,930 2,150 3,610 2,540 3,460 2,380 3,430 2,350 3,340 2,260 
Jl/4 4,840 2,580 4,440 2,990 4,260 2,800 4,220 2,770 4,100 2,660 

3 gage 1f4 300 230 270 210 260 190 260 190 260 180 
5h6 400 300 370 270 360 250 360 250 350 240 

ts = 0.239" 
3/g 500 350 460 320 440 300 440 290 430 280 

7 gage 1f4 270 210 250 160 240 !50 240 !50 230 140 
5h6 370 270 340 210 330 200 330 200 320 190 

ts = 0.179" 
3Js 460 320 420 250 410 240 400 230 390 220 

10 gage 1/4 250 190 230 130 220 120 220 120 210 llO 
5h6 350 260 330 170 310 160 310 160 300 150 

t5 = 0.134" % 440 310 400 210 390 200 390 200 380 190 

11 gage 1f4 250 190 230 170 220 160 220 160 210 !50 
5h6 350 260 320 230 310 210 310 210 300 200 

t5 =0.!2" 
3/g 430 310 400 270 380 260 380 250 370 240 

12 gage 1f4 240 190 220 140 210 130 210 130 210 130 
5h6 350 250 320 190 310 180 300 180 300 170 

ts = 0.105" 
3Js 430 300 400 230 380 220 380 210 370 200 

14 gage 1/4 240 180 220 120 210 110 210 110 200 110 
ts = 0.075" 

(Continued) 
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TABLE 23-111-U-LAG SCREW DESIGN VALUES (Z) FOR SINGLE SHEAR (Two-member) CONNECTIONS1,2,3WITH 1t4-INCH (6.4 mm) 
ASTM A 36 STEEL SIDE PLATE OR ASTM A 446 GRADE A STEEL SIDE PLATE [For fs < 1/4 inch (6.4 mm)]--{Continued) 

G:0.36 
EASTERNSOFnNOODS 

G= 0.37 SPRUCE·PINE·FIR(S) 
G:0.43 G:0.42 REDWOOD WESTERN CEDARS G:0.35 

STEEL LAG SCREW HEM-FIR SPRUCE-PINE-FIR (open grain) WESTERN WOODS NORTHERN SPECIES 

SIDE PLATE DIAMETER zll z.L Zj; z.L Zj; z.L Zj; z.L Zj; z.L 
Is Inches Olnches lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. lbs. 

x25.4formm x 4.45for N 

1/4 280 200 280 190 260 180 260 170 250 170 
5116 370 250 370 250 350 230 350 230 340 220 
3jg 460 300 450 290 430 270 430 270 420 260 
7116 580 370 580 430 550 400 540 390 540 390 
ih 730 440 720 510 680 470 680 460 670 450 

1/4 % 1,070 610 1,060 710 1,010 650 1,000 640 980 630 
314 1,490 820 1,480 950 1,400 870 1,390 850 1,360 830 
7/g 1,990 1,050 1,980 1,470 1,870 1,350 1,850 1,330 1,820 1,300 

I 2,570 1,310 2,550 1,770 2,410 1,640 2,380 1,600 2,340 1,570 
Jl/g 3,230 1,600 3,200 2,120 3,030 1,950 2,990 1,920 2,940 1,880 
11/4 3,970 1,910 3,930 2,500 3,720 2,290 3,680 2,240 3,610 2,190 
1/4 250 180 250 170 240 160 230 160 230 160 

3 gage 5116 340 230 340 230 320 210 320 210 310 200 
Is= 0.239" 

3/g 420 270 410 270 390 250 390 240 380 240 
1/4 220 160 220 130 210 120 210 120 200 120 

7 gage 5116 310 210 310 180 290 160 290 160 280 160 
Is =0.179" 

3jg 380 250 380 210 360 190 360 190 350 190 
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1/4 210 ISO 210 110 200 100 190 100 190 90 
10 gage 5h6 290 200 290 ISO 280 130 270 130 270 130 

Is= 0.134" 
3/g 360 240 360 180 340 160 340 160 330 160 

lj4 200 140 200 140 190 130 190 130 190 130 
II gage 5h6 290 190 290 190 270 180 270 170 260 170 

Is= 0.12" 
3/g 360 230 360 230 340 210 330 210 330 200 
114 200 140 200 120 190 110 190 110 180 110 

12 gage 5h6 290 190 280 160 270 ISO 270 ISO 260 140 
Is= 0.10S" 

3/g 360 230 3SO 190 330 180 330 170 320 170 

14 gage 1/4 200 140 190 100 180 90 180 90 180 90 
ts = 0.07S" 

I Tabulated lateral design values (Z) for lag screw connections shall be mulllplied by all applicable adjustment factors (see Table 23-III-A). 

2Tabulated lateral design values (Z) are for "full diameter" lag screws inserted in side grain with lag screw axis perpendicular to wood fibers, and with the following lag 
screw bending yield strengths (Fyb ). 

Fyb = 70,000 psi (482 N/mm2) forD= 1!4 inch (6.4 mm) 
Fyh = 60,000 psi (413 N/mm2) forD= 5h6 inch (7.9 mm) 
Fyb = 45,000 psi (310 N/mm2) forD 2': 3/g inch (9.S mm) 

3Tabulated lateral design values (Z) are based on dowel-bearing strength (F,) of S8,000 psi (400 N/mm2) for ASTM A 36 steel and 4S,OOO psi (31 0 N/mm2) for ASTM A 
446 Grade A steel. 
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TABLE 23-III-V-5PECIES GROUPS FOR SPLIT RING AND SHEAR PLATE CONNECTORS 

GROUP A GROUPS GROUPC GROUPO 

Beech-birch-hickory Douglas fir-larch Douglas fir-south Apsen 

Douglas fir-larch (dense) Douglas frr-larch (north) Eastern hemlock-tamarack (north) Balsam fir 

Mixed oak Mixed maple Hem-fir Coast sitka spruce 

Northern red oak Mixed southern pine Hem-fir (north) Cottonwood 

Red oak Red maple Mountain hemlock Eastern hemlock 

Southern pine (dense) Southern pine 1 Northern pine Eastern hemlock-tamarack 

Whiteoak Ponderosa pine Eastern softwoods 

Red pine Eastern spruce 

Redwood (close grain) Eastern white pine 

Sitka spruce Northern species 

Spruce-pine-fir Northern white cedar 

Western hemlock Redwood (open grain) 

Western hemlock (north) Spruce-pine-fir (south) 

Yellow poplar Western cedars 

Western cedars (north) 

Western white pine 

Western woods 

1Coarse grain southern pine, as used in some glued-laminated timber combinations, is in Group C. 
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SPLIT RING BOLT 
DIAMETER, DIAMETER, 

inches Inches 

x25.4formm 

21h Jh 

4 3/4 

TABLE 23-111-W-SPLIT RING CONNECTOR UNIT DESIGN VALUES 
TABULATED DESIGN VALUES APPLY TO ONE SPLIT RING AND BOLT IN SINGLE SHEAR1 

LOADED PARALLEL TO GRAIN COO) LOADED PERPENDICULAR TO GRAIN (90°) 

NUMBER OF 
NET THICKNESS Design value, P, per connector unit and bolt, pounds Design value, Q, per connector unit and bolt, pounds 

OF MEMBER, 
FACES OF inches x 4.45 for N 

MEMBER WITH 
CONNECTORS Group A Group 8 Groupe Group D Group A Group 8 Groupe Group D 
ON SAME BOLT x25.4for mm species species species species species species species species 

I minimum 2,630 2,270 1,900 1,640 1,900 1,620 1,350 1,160 
I 

11 h or thicker 3,160 2,730 2,290 1,960 2,280 1,940 1,620 1,390 

11hminimum 2,430 2,100 1,760 1,510 1,750 1,500 1,250 1,070 
2 

2 or thicker 3,160 2,730 2,290 1,960 2,280 1,940 1,620 1,390 

I minimum 4,090 3,510 2,920 2,520 2,840 2,440 2,040 1,760 

I 1lh 6,020 5,160 4,280 3,710 4,180 3,590 2,990 2,580 

15 Is or thicker 6,140 5,260 4,380 3,790 4,270 3,660 3,050 2,630 

11hminimum 4,110 3,520 2,940 2,540 2,980 2,450 2,040 1,760 

2 4,950 4,250 3,540 
2 

3,050 3,440 2,960 2,460 2,120 

21h 5,830 5,000 4,160 3,600 4,050 3,480 2,890 2,500 

3 or thicker 6,140 5,260 4,380 3,790 4,270 3,660 3,050 2,630 

I Tabulated lateral design values (P,Q) for split ring connector units shall be multiplied to all applicable adjustment factors (see Table 23-III-A). 
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TABLE 23-III-X-5HEAR PLATE CONNECTOR UNIT DESIGN VALUES 
TABULATED DESIGN VALUES APPLY TO ONE SHEAR PLATE UNIT AND BOLT IN SINGLE SHEAR1,2 

SHEAR LOADED PARALLEL TO GRAIN (0 degrees) LOADED PERPENDICULAR TO GRAIN (90 degrees) 
PLATE BOLT NUMBER OF NET THICKNESS Design value, P, per connector unit and bolt, pounds Design value, 0, per connector unit and bolt, pounds DIAMETER, DIAMETER, FACES OF OF MEMBER, 
inches inches MEMBER WITH inches x 4.451or N 

CONNECTORS Group A GroupS Groupe Group D Group A Group B Groupe 
x25.41ormm ON SAME BOLT x25.41ormm species species species species species species 

I i 1hminimum 3,110* 2,670 2,220 2,010 2,170 1,860 

25jg % 
11hminimum 2,420 2,080 1,730 1,500 1,690 1,450 

2 2 3,190* 2,730 2,270 1,960 2,220 1,910 

2ih or thicker 3,330* 2,860 2,380 2,060 2,320 1,990 

Jlhminimum 4,370 3,750 3,130 2,700 3,040 2,620 
I 

! 3/4 or thicker 5,090* 4,360 3,640 3,140 3,540 3,040 

3;4 ! 3/4 minimum 3,390 2,910 2,420 2,090 2,360 2,020 

4 or 2 3,790 3,240 2,700 2,330 2,640 2,260 
7/s 

2 21h 4,310 3,690 3,080 2,660 3,000 2,550 

3 4,830* 4,140 3,450 2,980 3,360 2,880 

31 h or thicker 5,030* 4,320 3,600 3,110 3,500 3,000 
1Tabulated lateral design values (P,Q) for shear plate connector units shall be multiplied to all applicable adJustment factors (see Table 23-III-A). 
2Ailowable design values for shear plate connector units shall not exceed the following: 

(a) 25fs-inch (67 mm) shear plate 2,900 pounds (12 905 N) 
(b) 4-inch (102 mm) shear plate with %-inch (19 mm) bolt 4,400 pounds (19 580 N) 
(c) 4-inch (102 mm) shear plate with 7/g-inch (22 mm) bolt 6,000 pounds (26 700 N) 

species 

1,550 

1,210 

1,580 

1,650 

2,170 

2,530 

1,680 

1,880 

2,140 

2,400 

2,510 

Group D 
species 

1,330 

1,040 

1,370 

1,440 

1,860 

2,200 

1,410 

1,630 

1,850 

2,060 

2,160 

The design values in Footnote 2 shall be permitted to be increased in accordance with the American Institute of Steel Construction (AISC) Manual of Steel Construction, 
9th edition, Section A5.2 "Wind and Seismic Stresses," except when design loads have already been reduced by load combination factors. 

*These loads exceed those permitted by Footnote 2, but are needed for determination of design values for other angles of load to grain. Footnote 2 limitations apply in all 
cases. 
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21/z" (64 mm) split ring 
4" (102 mm) split ring 
4" (102 mm) shear plate 

25/8" (67 mm) shear plate 

TABLE 23·111-V-PENETRATION DEPTH FACTORS, Cd, FOR SPLIT RING AND 
SHEAR PLATE CONNECTORS USED WITH LAG SCREWS 

PENETRATION OF LAG SCREW INTO MAIN MEMBER 
(NUMBER OF SHANK DIAMETERS) 

Species Group (see Table 23-111-V) 

SIDE MEMBER PENETRATION Group A GroupB Groupe Group D 

Minimum for full 
7 8 10 Wood design value 

or 
metal Minimum for reduced 

3 31/2 4 
design value 

Minimum for full 
4 5 7 

Wood 
design value 

Minimum for reduced 
3 31/z 4 

design value 

Metal 
Minimum for full 

3 31/z 4 
design value 

TABLE 23·111-Z-METAL SIDE PLATE FACTORS, Cst• FOR 4-INCH (102 mm) SHEAR PLATE 
CONNECTORS LOADED PARALLEL TO GRAIN 

SPECIES GROUPING Cst 

A 1.18 

B 1.11 

c 1.05 

D 1.00 

II 

41/z 

8 

41/z 

41/z 

PENETRATION 
DEPTH FACTOR, 

c.t 

1.0 

0.75 

1.0 

0.75 

1.0 
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Edge 
distance 

End distance 

Spacing 

TABLE 23-111-AA-GEOMETRY FACTORS, C, , FOR SPLIT RING AND SHEAR PLATE CONNECTORS 

21/:riNCH (64 mm) SPLIT RING CONNECTORS AND 4-INCH (102 mm) SPLIT RING CONNECTORS AND 
25fa-1NCH (67 mm) SHEAR PLATE CONNECTORS 4-INCH (102 mm) SHEAR PLATE CONNECTORS 

x25.4formm 

Parallel-to-Grain Loading Perpendicular-to-Grain Loading Parallel-to-Grain Loading Perpendicular-to-Grain Loading 

Minimum for Minimum for Minimum for Minimum for Minimum for Minimum for Minimum for Minimum for 
Reduced Full Design Reduced Full Design Reduced Full Design Reduced Full Design 

Design Value Value Design Value Value Design Value Value Design Value Value 

Unloaded edge )3/4" )3/4" )3/4'' )3/4" 23/4" 23/4" 23/4" 23/4" 
c, 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

Loaded edge )3/4" )3/4" J3/4" 23/4" 23/4" 23/4" 23/4" 33/4" 
c, 1.0 1.0 0.83 1.0 1.0 1.0 0.83 1.0 

Tension member 23/4" 5 1h" 23/4" 51h" 31h" 7" 31h" 7" 
c, 0.625 1.0 0.625 1.0 0.625 1.0 0.625 1.0 

Compression 2 1h" 4" 23/4" 51/2'' 31/4" 5 1h" 31h" 7" 
member Ct. 0.625 1.0 0.625 1.0 0.625 1.0 0.625 1.0 

Parallel to grain C,. 31h" 63/4" 31h" 31h" 5" 9" 5" 5" 
0.5 1.0 1.0 1.0 0.5 1.0 1.0 1.0 

Perpendicular to 31h" 31h" 31h" 41/4" 5" 5" 5" 6" 
grain Ct. 1.0 1.0 0.5 1.0 1.0 1.0 0.5 1.0 
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TABLE 23-111-BB-DOWEL-BEARING STRENGTH FOR WOOD SCREW CONNECTIONS 

DOWEL-BEARING STRENGTH IN POUNDS PER SQUARE INCH (psi), Fe 

SPECIES COMBINATION SPECIFIC1 GRAVITY, G x 0.00689 for Nimm2 

Aspen 0.39 2,950 
Balsam fir 0.36 2,550 
Beech-birch-hickory 0.71 8,850 
Coast sitka spruce 0.39 2,950 
Cottonwood 0.41 3,200 
Douglas fir-larch 0.50 4,650 
Douglas fir-larch (north) 0.49 4,450 
Douglas fir-south 0.46 4,000 

Eastern hemlock 0.41 3,200 
Eastern hemlock-tamarack 0.41 3,200 
Eastern hemlock-tamarack (north) 0.47 4,150 
Eastern softwoods 0.36 2,550 
Eastern spruce 0.41 3,200 
Eastern white pine 0.36 2,550 
Engelmann spruce-lodgepole pine2 0.46 4,000 

(MSR 1650f and higher grades) 
Engelmann spruce-lodgepole pine2 0.38 2,800 

(MSR 1500f and lower grades) 

Hem-fir 0.43 3,500 
Hem-fir (north) 0.46 4,000 
Mixed maple 0.55 5,550 
Mixed oak 0.68 8,150 
Mixed southern pine 0.51 4,800 
Mountain hemlock 0.47 4,150 
Northern pine 0.42 3,350 
Northern red oak 0.68 8,150 
Northern species 0.35 2,400 
Northern white cedar 0.31 1,900 

(Continued) 
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TABLE 23·111-BB-DOWEL-BEARING STRENGTH FOR WOOD SCREW CONNECTIONS-(Continued) 

DOWEL-BEARING STRENGTH IN POUNDS PER SQUARE INCH (psi), Fe 

SPECIES COMBINATION SPECIFIC1 GRAVITY, G x 0.00689 for N/mm2 

Ponderosa pine 0.43 3,500 
Red maple 0.58 6,100 
Red oak 0.67 7,950 
Red pine 0.44 3,650 
Redwood, close grain 0.44 3,650 
Redwood, open grain 0.37 2,650 
Sitka spruce 0.43 3,500 
Southern pine 0.55 5,550 
Spruce-pine-fir 0.42 3,350 
Spruce-pine-fir (south) 0.36 2,550 

Western cedars 0.36 2,550 
Western cedars (north) 0.35 2,400 
Western hemlock 0.47 4,150 
Western hemlock (north) 0.46 4,000 
Western white pine 0.40 3,100 
Western woods 0.36 2,550 
White oak 0.73 9,300 
Yellow poplar 0.43 3,500 

1Spec1fc gravity based on weight and volume when oven dry. 
2Applies only to Engelmann spruce-lodgepole pine machine stress-rated (MSR) structural lumber. 
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TAEfLE 23·111-CC-CUT THREAD OR ROLLED THREAD WOOD SCREW WITHDRAWAL DESIGN VALUES ( W)1 

Tabulated withdrawal design values (W) are in pounds per inch (N/mm) of thread penetration into side grain of main member. 
Thread length is approximately two thirds the total wood screw length. 

WOOD SCREW GAGE 
x 0.175 for Nlmm 

SPECIRC GRAVITY, G 6d 7d 8d 9d 10d 12d 14d 16d 18<1 20d 

0.73 209 229 249 268 288 327 367 406 446 485 
0.71 198 216 235 254 272 310 347 384 421 459 
0.68 181 199 216 233 250 284 318 352 387 421 
0.67 176 193 209 226 243 276 309 342 375 409 

0.58 132 144 157 169 182 207 232 256 281 306 
0.55 119 130 141 152 163 186 208 231 253 275 
0.51 102 112 121 131 141 160 179 198 217 237 
0.50 98 107 117 126 135 154 172 191 209 228 
0.49 94 103 112 121 130 147 165 183 201 219 
0.47 87 95 103 Ill 119 136 152 168 185 201 
0.46 83 91 99 107 114 130 146 161 177 193 
0.44 76 83 90 97 105 119 133 148 162 176 
0.43 73 79 86 93 100 114 127 141 155 168 
0.42 69 76 82 89 95 108 121 134 147 161 
0.41 66 72 78 85 91 103 116 128 141 153 
0.40 63 69 75 81 86 98 110 122 134 146 
0.39 60 65 71 77 82 93 105 116 127 138 
0.38 57 62 67 73 78 89 99 110 121 131 
0.37 54 59 64 69 74 84 94 104 114 125 
0.36 51 56 60 65 70 80 89 99 108 118 
0.35 48 53 57 62 66 75 84 93 102 Ill 

0.31 38 41 45 48 52 59 66 73 80 87 
1Tabulated withdrawal design values (W) for wood screw connections shall be multiplied by all applicable adjustment factors (see Table 23-111-A). 

24d 

564 
533 
489 
475 
356 
320 
275 
264 
254 
234 
224 
205 
196 
187 
178 
169 
161 
153 
145 
137 
130 
102 
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TABLE 23·111-DD-CUT THREAD WOOD SCREW DESIGN VALUES (Z)1,2 
FOR SINGLE SHEAR (Two-member) CONNECTIONS WITH BOTH MEMBERS OF IDENTICAL SPECIES 

G=0.55 G=0.50 

SIDE MEMBER WOOD SCREW G= 0.67 MIXED MAPLE DOUGLAS FIR· G=0.49 

THICKNESS DIAMETER RED OAK SOUTHERN PINE LARCH DOUGLAS FIR·LARCH (N) 

t, D WOOD z z z z 
inches inches SCREW lbs. lbs. lbs. lbs. 

x 25.4for mm GAGE x4.45for N 

0.138 6d Ill 85 75 73 
0.151 7d 123 95 84 82 
0.164 8d 140 108 96 94 
0.177 9d 152 ll9 107 104 

ih 0.190 IOd 156 122 109 106 
0.216 12d 173 138 124 121 
0.242 14d 183 146 132 128 
0.268 16d 212 171 155 151 
0.294 18d 235 190 172 168 
0.138 6d 127 95 83 80 
0.151 7d 140 105 92 89 
0.164 8d 157 119 105 101 
0.177 9d 170 130 114 Ill 

5/g 0.190 IOd 173 133 117 114 
0.216 12d 189 147 131 127 
0.242 14d 198 155 138 134 
0.268 16d 227 179 161 156 
0.294 18d 252 199 178 174 

G= 0.46 
DOUGLAS FIR (S) 

HEM-FIR(N) 

z 
lbs. 

68 
76 
88 
97 

100 
114 
121 
143 
159 
74 
83 
94 

103 
106 
119 
125 
147 
163 
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0.138 6d 132 106 
0.151 7d 150 117 

0.164 8d 177 132 
0.177 9d 190 142 
0.190 10d 193 145 

3/4 0.216 12d 208 159 
0.242 14d 217 166 
0.268 16d 246 190 
0.294 18d 272 210 

0.320 20d 310 242 

0.372 24d 362 283 
0.138 6d 132 110 
0.151 7d 150 125 

0.164 8d 177 148 

0.177 9d 199 167 
0.190 lOd 205 171 

1 0.216 12d 239 186 
0.242 14d 256 193 
0.268 16d 290 217 
0.294 18d 320 240 

0.320 20d 359 272 
0.372 24d 419 317 

(Continued) 

~ .... 
g .... 

92 88 
102 98 
114 Ill 

124 120 

127 123 
140 135 
146 142 
169 164 
187 182 

216 210 
252 246 
101 99 
115 112 

135 132 
147 142 
150 144 
161 156 
168 162 
190 184 

210 203 
239 232 

279 270 

81 
90 

102 
111 
114 
126 
132 
153 
170 
197 
230 
93 

106 
121 
130 
132 
143 
150 
170 
188 
215 
251 
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TABLE 23-111-DD--CUT THREAD WOOD SCREW DESIGN VALUES (Z)1,2 
FOR SINGLE SHEAR (Two-member) CONNECTIONS WITH BOTH MEMBERS OF IDENTICAL SPECIES-( Continued) 

G= 0.55 G= 0.50 G: 0.46 

SIDE MEMBER WOOD SCREW G:0.67 MIXED MAPLE DOUGLAS FIR- G:0.49 DOUGLAS FIR (S) 

THICKNESS DIAMETER RED OAK SOUTHERN PINE LARCH DOUGLAS FIR-LARCH (N) HEM-FIR(N) 

fs D WOOD z z z z z 
Inches inches SCREW lbs. lbs. lbs. lbs. lbs. 

x25.4formm GAGE x 4.45for N 

0.138 6d 132 110 101 99 93 
0.151 7d ISO 125 115 112 106 
0.164 8d 177 148 135 132 125 
0.177 9d 199 167 !52 149 141 
0.190 !Od 205 171 !57 !53 145 

Jl/4 0.216 12d 239 200 183 179 164 
0.242 14d 256 213 193 186 170 
0.268 16d 305 249 215 208 191 
0.294 18d 340 275 238 229 211 
0.320 20d 403 308 268 259 238 
0.372 24d 471 359 312 302 278 

0.138 6d 132 110 101 99 93 
0.151 7d 150 125 115 112 106 
0.164 8d 177 148 135 132 125 
0.177 9d 199 167 !52 149 141 
0.190 !Od 205 171 !57 !53 145 

Jltz 0.216 12d 239 200 183 179 169 
0.242 14d 256 213 195 191 181 
0.268 16d 305 255 233 228 214 
0.294 !8d 340 284 260 254 236 
0.320 20d 403 336 300 289 265 
0.372 24d 471 394 349 337 309 

1Tabulated lateral design values (Z) for wood screw connections shall be multiplied by all applicable adjustment factors (see Table 23-III-A). 
2Tabulated lateral design values (Z) are for cut thread wood screws inserted in side grain with wood screw axis perpendicular to wood fibers, and with the following wood 

screw bending yield strength q'yb): 
F h = 100,000 psi (690 N/mm ) for 6d wood screws. &b = 90,000 psi (620 N/mm2) for 7d, 8d and 9d wood screws. 
Fyb = 80,000 psi (55! N/mm2) for I Od and 12d wood screws. 

F-b = 70,000 psi (482 N/mm2) for 14d and 16d wood screws. &b = 60,000 psi ( 413 N/mm2) for 18d and 20d wood screws. 
f<yb = 45,000 psi (310 N/mm2) for 24d wood screws. 

(Table continues) 
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SIDE MEMBER WOOD SCREW G=0.43 

THICKNESS DIAMETER HEM-FIR 

t, D WOOD z 
Inches Inches SCREW lbs. 

x25.41ormm GAGE 

0.138 6d 62 
0.151 7d 70 
0.164 8d 81 
0.177 9d 90 

lh 0.190 10d 92 
0.216 12d 105 
0.242 14d 112 
0.268 16d 133 
0.294 18d 148 
0.138 6d 67 
0.151 7d 75 
0.164 8d 86 
0.177 9d 95 

5/s 0.190 10d 97 
0.216 12d 109 
0.242 14d 116 
0.268 16d 136 
0.294 18d 151 

G=0.37 
G= 0.42 REDWOOD 

SPRUCE-PINE-FIR (open grain) 

z z 
lbs. lbs. 

x4.451or N 

60 52 
68 59 
79 68 
87 77 
90 79 

103 91 
110 97 
130 115 
145 128 
65 55 

73 62 
83 72 

92 79 
94 81 

106 93 
113 99 
132 116 
147 129 

(Continued) 

G=0.36 
EASTERNSOFnNOODS 

SPRUCE-PINE-FIR(S) 
WESTERN CEDARS 
WESTERN WOODS 

z 
lbs. 

51 
58 
67 
75 
77 
89 
95 

113 
125 
54 
61 
70 
78 
79 
91 
96 

114 
127 

G=0.35 
NORTHERN 

SPECIES 

z 
lbs. 

49 
56 
65 
72 

74 
86 
92 

107 
118 
52 
58 
67 
75 
77 
88 
93 

110 
123 
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TABLE 23-111-DD-CUT THREAD WOOD SCREW DESIGN VALUES (2)1,2 
FOR SINGLE SHEAR (Two-member) CONNECTIONS WITH BOTH MEMBERS OF IDENTICAL SPECIES-(Continued) 

G: 0.36 
EASTERNSOFrWOODS 

G: 0.37 SPRUCE-PINE-FIR(S) 

SIDE MEMBER WOOD SCREW G:0.43 G:0.42 REDWOOD WESTERN CEDARS 

THICKNESS DIAMETER HEM-FIR SPRUCE-PINE-FIR (open grain) WESTERN WOODS 

Is D WOOD z z z z 
inches inches SCREW lbs. lbs. lbs. lbs. 

x25.4formm GAGE x 4.45 for N 

0.138 6d 73 71 60 58 
0.151 7d 82 79 67 65 

0.164 8d 92 90 76 74 

0.177 9d 101 98 83 81 

0.190 !Od 103 100 85 83 

3/4 0.216 12d 115 112 96 94 

0.242 14d 121 118 102 99 

0.268 16d 141 137 119 116 

0.294 18d !56 !52 132 129 
0.320 20d 182 177 !55 !52 

0.372 24d 212 207 181 177 

0.138 6d 87 84 69 67 
0.151 7d 97 93 77 75 

0.164 8d 108 104 87 84 

0.177 9d 117 113 94 91 

0.190 !Od 119 115 96 93 
I 0.216 12d 129 125 106 103 

0.242 14d 135 131 Ill 108 

0.268 16d !54 !50 128 124 

0.294 18d 171 166 141 138 
0.320 20d 196 190 163 160 

0.372 24d 229 222 191 186 

G:0.35 
NORTHERN 

SPECIES 

z 
lbs. 

55 
62 
71 
78 
80 
90 
96 

112 
125 
147 
171 
64 
71 
80 
87 
89 
99 

104 
120 
133 
!54 
179 
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0.138 6d 87 86 76 75 72 

0.151 7d 99 97 86 85 82 

0.164 8d 117 115 99 96 92 

0.177 9d 132 129 107 104 99 

0.190 !Od 136 132 109 106 101 
Jl/4 0.216 12d 147 142 118 114 109 

0.242 14d !53 147 123 119 114 

0.268 16d 172 166 139 135 130 
0.294 18d 190 184 !54 !50 144 

0.320 20d 215 208 176 171 164 

0.372 24d 251 243 206 200 192 

0.138 6d 87 86 76 75 72 

0.151 7d 99 97 86 85 82 

0.164 8d 117 115 102 100 97 

0.177 9d 132 129 115 113 110 

0.190 !Od 136 133 118 116 113 
Jlh 0.216 12d !59 !55 132 127 121 

0.242 14d 170 166 137 132 126 

0.268 16d 192 185 !53 149 142 

0.294 18d 212 204 169 164 !57 

0.320 20d 238 230 191 186 178 

0.372 24d 277 268 223 217 207 
1Tabulated lateral design values (Z) for wood screw connections shall be multiplied by all applicable adjustment factors (see Table 23-III-A). 
2Tabulated lateral design values (Z) are for cut thread wood screws inserted in side grain with wood screw axis perpendicular to wood fibers, and with the following wood 

screw bending yield strength g_'yb): 
f!yb = 100,000 psi (690 N/mm ) for 6d wood screws. 
ljb = 90,000 psi (620 N/mm2) for 7d, 8d and 9d wood screws. 
Fyb = 80,000 psi (551 N/mm2) for lOd and 12d wood screws. 

f!yb = 70,000 psi (482 N/mm2) for 14d and 16d wood screws. 
ljb = 60,000 psi (413 N/mm2) for 18d and 20d wood screws. 
Fyb = 45,000 psi (310 N/mm2) for 24d wood screws. 
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TABLE 23·111-EE-CUT THREAD WOOD SCREW DESIGN VALUES (Z)1,2,3 
FOR SINGLE SHEAR (Two-member) CONNECTIONS WITH ASTM A 446, GRADE A STEEL SIDE PLATE 

WOOD G= 0.55 
SCREW G=0.67 MIXED MAPLE G=0.50 G= 0.49 

DIAMETER RED OAK SOUTHERN PINE DOUGLAS FIR-LARCH DOUGLAS FIR-LARCH (N) 

STEEL SIDE D WOOD z z z z 
PLATE inches SCREW lbs. lbs. lbs. lbs. 

x25.41ormm GAGE x 4.451or N 

0.242 14d 276 241 225 221 
0.268 16d 315 275 256 252 

3 gage 0.294 18d 349 304 283 278 
15=0.239" 

0.320 20d 400 348 325 319 
0.372 24d 467 407 379 372 
0.190 10d 210 184 171 168 
0.216 12d 234 204 190 186 
0.242 14d 247 215 200 196 

7 gage 0.268 16d 286 248 231 227 
15=0.179" 

0.294 18d 318 276 256 252 
0.320 20d 369 320 297 292 
0.372 24d 431 374 347 341 
0.138 6d 131 114 107 105 
0.151 7d 147 128 119 117 
0.164 8d 169 147 137 134 
0.177 9d 187 162 151 148 
0.190 10d 192 166 155 152 

10 gage 0.216 12d 217 188 175 172 
15 =0.!34" 

0.242 14d 230 199 185 182 
0.268 16d 271 234 217 213 
0.294 18d 301 260 241 237 
0.320 20d 353 304 282 277 
0.372 24d 413 356 330 324 

G=0.46 
DOUGLAS FIR (S) 

HEM-FIR(N) 

z 
lbs. 

211 
241 
267 
305 
356 
161 
178 
188 
217 
241 
279 
326 
100 
112 
129 
142 
145 
164 
174 
204 
226 
265 
309 
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0.138 6d 127 llO 
0.151 7d 142 124 
0.164 8d 164 143 
0.177 9d 182 !58 
0.190 10d 187 162 

11 gage 0.216 12d 213 184 t5=0.12" 
0.242 14d 226 196 
0.268 16d 267 230 
0.294 18d 297 256 
0.320 20d 349 301 
0.372 24d 408 352 
0.138 6d 122 106 
0.151 7d 138 119 
0.164 8d 160 138 
0.177 9d 178 !54 
0.190 !Od 183 !58 

12 gage 0.216 12d 209 181 
t.=D.105" 

0.242 14d 223 192 
0.268 16d 264 227 
0.294 18d 294 253 
0.320 20d 346 298 
0.372 24d 405 348 

(Continued) 

103 101 
115 113 
133 130 
147 144 
!51 148 
171 168 
182 178 
214 210 
238 233 
279 274 
326 320 
99 97 

111 109 
129 126 
143 140 
147 144 
168 165 
178 175 
211 207 
234 230 
276 271 
323 317 

96 
108 
125 
138 
141 
160 
170 
200 
223 
261 
306 
93 

104 
121 
134 
138 
157 
167 
197 
219 
258 
302 
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TABLE 23-111-EE-CUT THREAD WOOD SCREW DESIGN VALUES (Z)1,2,3 
FOR SINGLE SHEAR (Two-member) CONNECTIONS WITH ASTM A 446, GRADE A STEEL SIDE PLATE-{ Continued) 

WOOD G= 0.55 G= 0.46 
SCREW G:0.67 MIXED MAPLE G:O.SD G:0.49 DOUGLAS AR (S) 

DIAMETER RED OAK SOUTHERN PINE DOUGLAS FIR-LARCH DOUGLAS FIR-LARCH (N) HEM-FIR(N) 

STEEL SIDE D WOOD z z z z z 
PLATE inches SCREW Jbs. lbs. Jbs. lbs. lbs. 

x25.4formm GAGE x4.45 for N 

0.138 6d 116 100 93 91 87 
0.151 7d 131 113 105 103 98 
0.164 8d 153 132 122 120 115 
0.177 9d 172 148 137 135 128 

14 gage 
0.190 lOd 177 152 141 138 132 

t5 =0.075" 
0.216 12d 205 176 163 160 152 
0.242 14d 219 188 174 170 163 
0.268 16<1 261 223 207 203 193 
0.294 18d 290 249 230 226 215 

0.138 6d 114 98 90 89 85 
0.151 7d 129 Ill 103 101 96 

16 gage 
0.164 8d 151 130 120 118 113 

t5=0.06" 
0.177 9d 171 146 135 133 127 
0.190 lOd 175 150 139 136 130 

0.138 6d 113 97 89 88 84 
18 gage 

0.151 7d 128 110 101 99 95 t5=0.048" 
0.164 8d 151 129 119 117 112 

'Tabulated lateral design values (Z) for wood screw connections shall be multiplied by all applicable adjustment factors (see Table 23-III-A). 

2Tabulated lateral design values (Z) are for cut thread wood screws inserted in side grain with wood screw axis perpendicular to wood fibers, and with the following wood 
screw bending yield strength (Fyb): 
Fyb = 100,000 psi (690 N/mm2) for 6d wood screws. Fyb = 70,000 psi (483 N/mm2) for 14d and 16<1 wood screws. 
Fyb = 90,000 psi (621 N/mm2) for 7d, 8d and 9d wood screws. Fyb = 60,000 psi (414 N/mm2) for 18d and 20d wood screws. 
Fyb = 80,000 psi (552 N/mm2) for lOd and 12d wood screws. Fyb = 45,000 psi (310 N/mm2) for 24d wood screws. 

3Tabulated lateral design values (Z) are based on a dowel bearing strength <Fe) of 45,000 psi (310 N/mm2) for ASTM A 446, Grade A steel. 

(Table continues) 
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WOOD 
S(:REW G:0.43 

D!AMETE!I HEM-RR 

STEEL SIDE D WOOD z 
PLATE Inches SCREW lbs. 

x25.4formm GAGE 

0.242 14d 200 

3 gage 
0.268 16d 228 

ts=0.239" 0.294 18d 252 
0.320 20d 289 
0.372 24d 337 
0.190 IOd 152 
0.216 12d 169 

7 gage 
0.242 14d 178 

ts=0.179" 0.268 16d 205 
0.294 18d 228 
0.320 20d 264 
0.372 24d 308 
0.138 6d 95 
0.151 7d 106 
0.164 8d 122 
0.177 9d 134 

10 gage 
0.190 IOd 137 

r.=O.I34" 0.216 12d 155 
0.242 14d 164 
0.268 16d 192 
0.294 18d 213 
0.320 20d 250 
0.372 24d 292 

G:0.37 
G:0.42 REDWOOD 

SPRUCE-PINE-FIR (open grain) 

z z 
lbs. lbs. 

x4.45 for N 

197 178 
224 203 
248 224 
283 257 
331 299 
150 135 
166 150 
174 158 
201 182 
223 202 
259 234 
302 273 

93 84 
104 94 
119 108 
132 119 
135 122 
152 137 
161 145 
188 170 
209 189 
245 221 
286 258 

(Continued) 

G:0.36 
EASTERNSOFnNOODS 

SPRUCE-PINE-FIR (S) 
WESTERN CEDARS 
WESTERN WOODS 

z 
lbs. 

175 
199 
221 
252 
294 
133 
147 
155 
179 
199 
230 
268 
83 
93 

106 
117 
120 
135 
143 
167 
186 
217 
254 

G: 0.35 
NORTHERN SPECIES 

z 
lbs. 

171 
194 
215 
246 
287 
130 
144 
151 
174 
193 
224 
261 

81 
90 

103 
114 
117 
131 
139 
163 
181 
211 
247 
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TABLE 23-111-EE-CUT THREAD WOOD SCREW DESIGN VALUES (2)1,2,3 
FOR SINGLE SHEAR (Two-member) CONNECTIONS WITH ASTM A 446, GRADE A STEEL SIDE PLATE-(Continued) 

G=0.36 
EASTERNSOFnNOODS 

WOOD G=0.37 SPRUCE-PINE-FIR (S) 

SCREW G=0.43 G=0.42 REDWOOD WESTERN CEDARS G= 0.35 

DIAMETER HEM-FIR SPRUCE-PINE-FIR (open grain) WESTERN WOODS NORTHERN SPECIES 

STEEL SIDE D WOOD z z z z z 
PLATE Inches SCREW lbs. lbs. lbs. lbs. lbs. 

x25.4for mm GAGE x4.45for N 

0.138 6d 91 89 81 80 77 
0.151 7d 102 100 91 89 87 
0.164 8d 118 115 104 103 100 
0.177 9d 130 128 115 113 110 
0.190 10d 133 131 118 116 113 

11 gage 0.216 12d 152 149 134 132 128 
ts=0.12" 

0.242 14d 161 158 142 140 136 
0.268 16d 189 185 167 164 160 
0.294 18d 210 206 186 182 177 
0.320 20d 246 242 218 214 208 
0.372 24d 288 283 254 250 243 
0.138 6d 88 86 78 76 74 
0.151 7d 98 97 87 86 84 
0.164 8d 114 112 101 99 97 
0.177 9d 127 124 112 110 107 
0.190 10d 130 127 115 113 110 

12 gage 0.216 12d 148 145 131 129 125 
ts=0.105" 

0.242 14d 158 155 139 137 133 
0.268 16d 186 182 164 161 157 
0.294 18d 207 203 183 179 175 
0.320 20d 243 239 215 211 205 
0.372 24d 285 279 251 247 240 
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0.138 6d 82 80 72 71 69 

0.151 7d 92 91 82 80 78 

0.164 8d 108 106 95 94 91 
0.177 9d 121 119 107 105 102 

14 gage 
0.190 10d 124 122 110 108 105 t5 =0.075" 
0.216 12d 144 141 127 124 121 
0.242 14d 153 150 135 133 129 
0.268 16d 182 178 160 157 153 
0.294 18d 203 199 178 175 170 

0.138 6d 80 78 70 69 67 
0.151 7d 90 89 80 78 76 

16 gage 
0.164 8d 106 104 93 92 89 t5 =0.06" 
0.177 9d 119 117 105 103 100 
0.190 10d 122 120 108 106 103 

0.138 6d 79 77 69 68 66 
18 gage 

0.151 7d 89 88 79 77 75 
15=0.048" 

0.164 8d 105 103 92 91 88 
1Tabulated lateral design values (Z) for wood screw connections shall be multiplied by all applicable adjustment factors (see Table 23-111-A). 
2Tabulated lateral design values (Z) are for cut thread wood screws inserted in side grain with wood screw axis perpendicular to wood fibers, and with the following wood 

screw bending yield strength (Fyb): 

Fyb = 100,000 psi (690 N/mm2) for 6d wood screws. Fyb = 70,000 psi (483 N/mm2) for 14d and 16d wood screws. 
Fyb = 90,000 psi (621 N/mm2) for 7d, 8d and 9d wood screws. Fyb = 60,000 psi (414 N/mm2) for 18d and 20d wood screws. 
Fyb = 80,000 psi (552 N/mm2) for 10d and 12d wood screws. Fyb = 45,000 psi (310 N/mm2) for 24d wood screws. 

3Tabulated lateral design values (Z) are based on a dowel-bearing strength (F,) of 45,000 psi (310 N/mm2) for ASTM A 446, Grade A steel. 
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TABLE 23-111-FF-DOWEL-BEARING STRENGTH FOR NAIL OR SPIKE CONNECTIONS 

DOWEL-BEARING STRENGTH IN POUNDS PER SQUARE INCH (psi), Fe 

SPECIES COMBINATION SPECIFIC1 GRAVITY, G x 0.00689 for Nlmm2 

Aspen 0.39 2,950 
Balsam fir 0.36 2,550 
Beech-birch-hickory 0.71 8,850 
Coast sitka spruce 0.39 2,950 
Cottonwood 0.41 3,200 
Douglas frr-larch 0.50 4,650 
Douglas fir-larch (north) 0.49 4,450 
Douglas frr-south 0.46 4,000 

Eastern hemlock 0.41 3,200 
Eastern hemlock-tamarack 0.41 3,200 
Eastern hemlock-tamarack (north) 0.47 4,150 
Eastern softwoods 0.36 2,550 
Eastern spruce 0.41 3,200 
Eastern white pine 0.36 2,550 
Engelmann spruce-lodgepole pine2 0.46 4,000 

(MSR 1650f and higher grades) 
Engelmann spruce-lodgepole pine2 0.38 2,800 

(MSR 1500f and lower grades) 

Hem-fir 0.43 3,500 
Hem-fir (north) 0.46 4,000 
Mixed maple 0.55 5,550 
Mixed oak 0.68 8,150 
Mixed southern pine 0.51 4,800 
Mountain hemlock 0.47 4,150 
Northern pine 0.42 3,350 
Northern red oak 0.68 8,150 
Northern species 0.35 2,400 
Northern white cedar 0.31 1,900 
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Ponderosa pine 0.43 
Red maple 0.58 
Red oak 0.67 
Red pine 0.44 
Redwood, close grain 0.44 
Redwood, open grain 0.37 
Sitka spruce 0.43 
Southern pine 0.55 
Spruce-pine-fir 0.42 
Spruce-pine-fir (south) 0.36 

Western cedars 0.36 
Western cedars (north) 0.35 
Western hemlock 0.47 
Western hemlock (north) 0.46 
Western white pine 0.40 
Western woods 0.36 
White oak 0.73 
Yellow poplar 0.43 

1Specific gravity based on weight and volume when oven dry. 
2Applies only to Engelmann spruce-lodgepole pine machine stress-rated (MSR) structural lumber. 

3,500 
6,100 
7,950 
3,650 
3,650 
2,650 
3,500 
5,550 
3,350 
2,550 

2,550 
2,400 
4,150 
4,000 
3,100 
2,550 
9,300 
3,500 

... 
I 
c z 
:;; 
0 
::u 
3: 
Ul 
c 
i= c 
~ 
0 
0 c 
m 



TABLE 23-111-GG-NAIL AND SPIKE WITHDRAWAL DESIGN VALUES (W)1 
Tabulated withdrawal design values (ltV) are in pounds per inch (N/mm) of penetration into side grain of main member. 

CDMMDN WIRE NAILS, BOX NAILS, AND CDMMDN WIRE SPIKES 
Diameter, 0 

THREADED NAILS 
SPECIFIC x25.41or mm Wire Diameter, 0 
GRAVITY 

G 0.099" 0.113" 0.128" 0.131" 0.135" 0.148" 0.162" 0.192" 0.207" 0.225" 0.244" 0.263" 0.28S" 0.312" 0.375" 0.12" 0.135" 0.148" 0.117" 

x 0.175 lor N/mm 

0.73 62 71 80 82 85 93 102 121 130 141 !53 165 178 196 236 82 93 102 121 
0.71 58 66 75 77 79 87 95 113 121 132 143 !54 166 183 220 77 87 95 113 
0.68 52 59 67 69 71 78 85 101 109 118 128 138 149 164 197 69 78 85 101 
0.67 50 57 65 66 68 75 82 97 105 114 124 133 144 !58 190 66 75 82 97 

0.58 35 40 45 46 48 52 57 68 73 80 86 93 100 110 133 46 52 57 68 
0.55 31 35 40 41 42 46 50 59 64 70 76 81 88 97 116 41 46 50 59 
0.51 25 29 33 34 35 38 42 49 53 58 63 67 73 80 96 34 38 42 49 
0.50 24 28 31 32 33 36 40 47 50 55 60 64 69 76 91 32 36 40 47 

0.49 23 26 30 30 31 34 38 45 48 52 57 61 66 72 87 30 34 38 45 
0.47 21 24 27 27 28 31 34 40 43 47 51 55 59 65 78 27 31 34 40 
0.46 20 22 25 26 27 29 32 38 41 45 48 52 56 62 74 26 29 32 38 
0.44 18 20 23 23 24 26 29 34 37 40 43 47 50 55 66 23 26 29 34 

0.43 17 19 21 22 23 25 27 32 35 38 41 44 47 52 63 22 25 27 32 
0.42 16 18 20 21 21 23 26 30 33 35 38 41 45 49 59 21 23 26 30 
0.41 15 17 19 19 20 22 24 29 31 33 36 39 42 46 56 19 22 24 29 
0.40 14 16 18 18 19 21 23 27 29 31 34 37 40 44 52 18 21 23 27 

0.39 13 15 17 17 18 19 21 25 27 29 32 34 37 41 49 17 19 21 25 
0.38 12 14 16 16 17 18 20 24 25 28 30 32 35 38 46 16 18 20 24 
0.37 II 13 15 15 16 17 19 22 24 26 28 30 33 36 43 15 17 19 22 
0.36 11 12 14 14 14 16 17 21 22 24 26 28 30 33 40 14 16 17 21 
0.35 10 11 13 13 14 15 16 19 21 23 24 26 28 31 38 13 15 16 19 
0.31 7 8 9 10 10 II 12 14 15 17 18 19 21 23 28 lO 11 12 14 

1Tabulated withdrawal design values (W) for wood screw connections shall be mult!phed by all applicable adjustment factors (see Table 23-III-A). 
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SIDE MEMBER 
THICKNESS 

t, 
Inches 

ltz 

5/s 

3/4 

TABLE 23-111-HH-BOX NAIL DESIGN VALUES (Z) FOR SINGLE SHEAR (Two-member) CONNECTIONS1•2 

WITH BOTH MEMBERS OF IDENTICAL SPECIES 

G= 0.55 G= 0.50 G= 0.49 
G=0.67 MIXED MAPLE DOUGLAS FIR- DOUGLAS FIR-

NAIL LENGTH NAIL DIAMETER RED OAK SOUTHERN PINE LARCH LARCH (N) 

L D z z z z 
inches inches lbs. lbs. lbs. lbs. 

x 25.4for mm PENNYWEIGHT x 4.45 for N 

2 0.099 6d 73 55 48 47 
21/z 0.113 8d 88 67 59 57 
3 0.128 10d 106 82 73 71 
31/4 0.128 12d 106 82 73 71 
31h 0.135 16d 115 89 79 77 
4 0.148 20d 129 101 90 87 
41/z 0.148 30d 129 101 90 87 
5 0.162 40d 149 117 105 102 
2 0.099 6d 73 61 55 53 
21/z 0.113 8d 94 76 66 64 
3 0.128 10d 120 91 79 77 

31/4 0.128 12d 120 91 79 77 
31/z 0.135 16d 130 98 86 84 
4 0.148 20d 144 110 97 94 
41/z 0.148 30d 144 110 97 94 
5 0.162 40d 165 126 112 109 
2 0.099 6d 73 61 55 54 
21/z 0.113 8d 94 79 72 71 
3 0.128 10d 121 101 87 84 
31/4 0.128 12d 121 101 87 84 
31/z 0.135 16d 135 108 94 91 
4 0.148 20d 154 121 105 102 
41/z 0.148 30d !54 121 105 102 
5 0.162 40d 183 138 121 117 

(Continued) 

G= 0.46 
DOUGLAS FIR (S) 

HEM-FIR(N) 

z 
lbs. 

43 
53 
66 
66 
72 
82 
82 
96 
48 
59 
71 
71 
78 
87 
87 

101 
51 
65 
78 
78 
84 
94 
94 

108 
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TABLE 23-111-HH-BOX NAIL DESIGN VALUES (Z) FOR SINGLE SHEAR (Two-member) CONNECTIONS1·2 
WITH BOTH MEMBERS OF IDENTICAL SPECIES-(Continued) 

G:0.55 G:0.50 G:0.49 G:0.46 

SIDE MEMBER G: 0.67 MIXED MAPLE DOUGLAS FIR- DOUGLAS FIR- DOUGLAS FIR (S) 

THICKNESS NAIL LENGTH NAIL DIAMETER RED OAK SOUTHERN PINE LARCH LARCH(N) HEM-FIR (N) 

Is L D z z z z z 
inches inches inches lbs. lbs. lbs. lbs. lbs. 

x25.4formm PENNYWEIGHT x 4.45for N 

2 112 0.113 8d 94 79 72 71 67 

3 0.128 !Od 121 !01 93 91 86 

31/4 0.128 12d 121 101 93 91 86 
I 31h 0.135 16d 135 113 103 101 96 

4 0.148 20d !54 !28 118 115 109 

4 112 0.148 30d !54 128 118 115 109 

5 0.162 40d 184 !54 141 !37 125 

3 0.128 IOd 121 101 93 91 86 

31/4 0.128 12d 121 101 93 91 86 

! 1/4 
31h 0.135 16d 135 !13 103 101 96 

4 0.148 20d !54 128 118 115 109 

4112 0.148 30d !54 !28 118 115 109 

5 0.162 40d 184 !54 141 !38 131 

3 1/4 0.128 12d 121 101 93 91 86 

31h 0.135 16d 135 113 103 !01 96 

1112 4 0.148 20d !54 !28 118 115 109 

4 112 0.148 30d !54 128 118 115 109 

5 0.162 40d 184 !54 141 !38 131 
1Tabulated lateral design values (Z) for nailed connections shall be multiplied by all applicable adjustment factors (see Table 23-III-A). 

2Tabulated lateral design values (Z) are for box nails inserted in side grain with nail axis perpendicular to wood fibers, and with the following nail bending yield strength 
(Fyb): 
Fyb = 100,000 psi (690 N/mm2) for 0.099-inch- (2.5 mm), 0.113-inch- (2.9 mm), 0.128-inch- (3.3 mm) and 0.135-inch-diameter (3.4 mm) box nails. 
Fyb = 90,000 psi (621 N/mm2) for 0.148-inch- (3.8 mm) and 0.162-inch-diameter (4.1 mm) box nails. 

(Table continues) 
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SIDE MEMBER G= 0.43 

THICKNESS NAIL LENGTH NAIL DIAMETER HEM-FIR 

fs L D z 
inches inches inches lbs. 

x25.4formm PENNYWEIGHT 

2 0.099 6d 39 
21/z 0.113 8d 49 
3 0.128 !Od 61 

liz 31/4 0.128 12d 61 
31/z 0.135 16d 66 
4 0.148 20d 75 
41/z 0.148 30d 75 
5 0.162 40d 89 
2 0.099 6d 44 
21/z 0.113 8d 53 
3 0.128 10d 65 

s;g 31/4 0.128 12d 65 
31/z 0.135 16d 71 
4 0.148 20d 80 
41/z 0.148 30d 80 
5 0.162 40d 93 
2 0.099 6d 48 
21/z 0.113 8d 58 
3 0.128 10d 70 

3/4 
31/4 0.128 12d 70 
31/z 0.135 16d 76 
4 0.148 20d 85 
41/z 0.148 30d 85 
5 0.162 40d 99 

(Continued) 

G:0.42 G: 0.37 
SPRUCE-PINE- REDWOOD 

FIR (open grain) 

z z 
lbs. lbs. 

x 4.45 for N 

38 33 
47 41 
59 51 
59 51 
65 56 
73 64 
73 64 
87 76 
42 35 
52 44 
63 54 
63 54 
69 59 
77 67 
77 67 
90 78 
47 39 
57 47 
68 57 
68 57 
74 63 
83 70 
83 70 
96 82 

G= 0.36 
EASTERN SOFTWOODS 

SPRUCE-PINE-FIR(S) 
WESTERN CEDARS 
WESTERN WOODS 

z 
lbs. 

32 
40 
50 
50 
55 
63 
63 
74 
34 
43 
53 
53 
58 
65 
65 
77 

38 
46 
56 
56 
61 
69 
69 
80 

G= 0.35 
NORTHERN 

SPECIES 

z 
lbs. 

31 
38 
48 
48 
53 
61 
61 
72 

33 
41 
51 
51 
55 
63 
63 
74 
36 
44 

54 
54 
58 
66 
66 
77 
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SIDE MEMBER 
THICKNESS 

Is 
inches 

1 

J1f4 

11h 

TABLE 23-111-HH-BOX NAIL DESIGN VALUES (Z) FOR SINGLE SHEAR (Two-member) CONNECTIONS1,2 
WITH BOTH MEMBERS OF IDENTICAL SPECIES--{Continued) 

G:0.36 
EASTERN SOFTWOODS 

G=0.42 G:0.37 SPRUCE-PINE-FIR(S) 
G:0.43 SPRUCE-PINE- REDWOOD WESTERN CEDARS 

NAIL LENGTH NAIL DIAMETER HEM-FIR FIR (open grain) WESTERN WOODS 

L D z z z z 
inches inches lbs. lbs. lbs. lbs. 

x 25.4for mm PENNYWEIGHT x 4.45 for N 

21h 0.113 8d 63 61 55 54 
3 0.128 !Od 80 79 66 64 

31/4 0.128 12d 80 79 66 64 

31h 0.135 16d 89 86 71 69 
4 0.148 20d 99 96 80 77 
41h 0.148 30d 99 96 80 77 
5 0.162 40d 113 109 91 89 

3 0.128 !Od 80 79 70 69 

31/4 0.128 12d 80 79 70 69 

31h 0.135 16d 89 88 78 76 
4 0.148 20d 102 100 89 87 
41h 0.148 30d 102 100 89 87 
5 0.162 40d 122 120 103 100 

31/4 0.128 12d 80 79 70 69 

31h 0.135 16d 89 88 78 76 
4 0.148 20d 102 100 89 87 

41h 0.148 30d 102 100 89 87 
5 0.162 40d 122 120 106 104 

- -Tabulated lateral des1gn values (Z) for nailed connections shall be muluphed by all applicable adjustment factors (see Table 23 III A). 

G: 0.35 
NORTHERN 

SPECIES 

z 
lbs. 

51 
61 
61 
66 
74 
74 
85 

67 
67 
74 
84 
84 
95 

67 
74 
84 
84 

101 

2Tabulated lateral design values (Z) are for box nails inserted in side grain with nail axis perpendicular to wood fibers, and with the following nail bending yield strength 
(Fyb): 
f<Yb = 100,000 psi (690 N/mm2) for 0.099-inch- (2.5 mm), 0.113-inch- (2.9 mm), 0.128-inch- (3.3 mm) and 0.135-inch-diameter (3.4 mm) box nails. 
Fyb = 90,000 psi (621 N/mm2) for 0.148-inch- (3.8 mm) and 0.162-inch-diameter (4.1 mm) box nails. 
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SIDE MEMBER 
THICKNESS NAIL LENGTH 

fs L 
inches inches 

x25.4formm 

2 
21/z 
3 
3114 

'h 
3'h 
4 

4'h 
5 

51/z 
6 
2 
2'h 
3 
3114 

sis 31/z 
4 

4'h 
5 
51/z 
6 

TABLE 23-111-11-COMMON WIRE NAIL DESIGN VALUES (Z) FOR SINGLE SHEAR1,2 
(Two-member) CONNECTIONS WITH BOTH MEMBERS OF IDENTICAL SPECIES 

G:0.55 G= 0.50 
G:0.67 MIXED MAPLE DOUGLAS FIR-

NAIL DIAMETER RED OAK SOUTHERN PINE LARCH 

D z z z 
inches lbs. lbs. lbs. 

PENNYWEIGHT x 4.45 for N 

0.113 6d 88 67 59 
0.131 8d 110 85 76 
0.148 10d 129 101 90 
0.148 12d 129 101 90 
0.162 16d 149 117 105 
0.192 20d 172 137 124 
0.207 30d 185 148 134 
0.225 40d 200 162 147 
0.244 SOd 205 166 151 
0.263 60d 230 188 171 
0.113 6d 94 76 66 
0.131 8d 124 94 82 
0.148 10d 144 110 97 
0.148 12d 144 110 97 
0.162 16d 165 126 112 
0.192 20d 188 146 130 
0.207 30d 199 156 140 
0.225 40d 213 169 151 
0.244 SOd 218 173 155 
0.263 60d 242 194 175 

(Continued) 

G= 0.49 
DOUGLAS FIR-

LARCH(N) 

z 
lbs. 

57 
73 
87 
87 

102 
121 
131 
143 
147 
167 
64 

80 
94 
94 

109 
126 
136 
147 
151 
170 

G:0.46 
DOUGLAS FIR (S) 

HEM-FIR(N) 

z 
lbs. 

53 
69 
82 
82 
96 

114 
123 
135 
139 
158 
59 
74 
87 
87 

101 
118 
127 
138 
142 
160 
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SIDE MEMBER 
THICKNESS 

Is 
inches 

314 

1 

11/4 

TABLE 23·111-11-COMMON WIRE NAIL DESIGN VALUES (Z) FOR SINGLE SHEAR1,2 
(Two-member) CONNECTIONS WITH BOTH MEMBERS OF IDENTICAL SPECIES-( Continued) 

G:0.55 G:0.50 G:0.49 
G:0.67 MIXED MAPLE DOUGLAS FIR- DOUGLAS FIR-

NAIL LENGTH NAIL DIAMETER RED OAK SOUTHERN PINE LARCH LARCH(N) 

L D z z z z 
inches inches lbs. lbs. lbs. lbs. 

x25.4formm PENNYWEIGHT x 4.45for N 

21/z 0.131 8d 127 104 90 87 
3 0.148 10d 154 121 105 102 

31/4 0.148 12d 154 121 105 102 
31/z 0.162 16d 183 138 121 117 
4 0.192 20d 206 157 138 134 
41/z 0.207 30d 216 166 147 143 
5 0.225 40d 229 178 158 154 
51/z 0.244 50d 234 182 162 158 
6 0.263 60d 258 203 181 176 
3 0.148 10d 154 128 118 115 

31/4 0.148 12d 154 128 118 115 
31/z 0.162 16d 184 154 141 137 
4 0.192 20d 222 183 159 154 
41/z 0.207 30d 243 192 167 162 
5 0.225 40d 268 202 177 171 
51/z 0.244 50d 274 207 181 175 
6 0.263 60d 298 227 199 193 

31/4 0.148 12d 154 128 118 115 
31/z 0.162 16d 184 154 141 138 
4 0.192 20d 222 185 170 166 
41/z 0.207 30d 243 203 186 182 
5 0.225 40d 268 224 200 193 
51/z 0.244 50d 276 230 204 197 
6 0.263 60d 314 256 222 215 

G:0.46 
DOUGLAS FIR (S) 

HEM-FIR(N) 

z 
lbs. 

80 
94 
94 

108 
125 
133 
144 
147 
165 
109 
109 
125 
142 
149 
159 
162 
179 
109 
131 
157 
169 
177 
181 
198 
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31h 0.162 16d 184 154 141 138 131 

4 0.192 20d 222 185 170 166 157 

llh 
41h 0.207 30d 243 203 186 182 172 

5 0.225 40d 268 224 205 201 190 

51h 0.244 SOd 276 230 211 206 196 

6 0.263 60d 314 262 240 235 220 
1Tabulated lateral des1gn values (Z) for na1led connections shall be multiplied by all applicable adjustment factors (see Table 23-III-A). 
2Tabulated lateral design values (Z) are for common wire nails inserted in side grain with nail axis perpendicular to wood fibers, and with the following nail bending yield 

strength (Fyb): 

Fyh = 100,000 psi (690 N/mm2) for 0.1 13-inch- (2.9 mm) and 0.131-inch-diameter (3.3 mm) common wire nails. 
Fyh 90,000 psi (621 N/mm2) for 0.148-inch- (3.8 mm) and 0.162-inch-diameter (3.8 mm) common wire nails. 
Fyb 80,000 psi (552 N/mm2) for 0.192-inch- (4.9 mm), 0.207-inch- (5.3 mm) and 0.225-inch-diameter (5.7 mm) common wire nails. 
Fyh 70,000 psi (483 N/mm2) for 0.244-inch- (6.2 mm) and 0.263-inch-diameter (6.7 mm) common wire nails. 

(Table continues) 
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SIDE MEMBER 
THICKNESS 

Is 
inches 

lh 

5/s 

TABLE 23-111-11-COMMON WIRE NAIL DESIGN VALUES (Z) FOR SINGLE SHEAR1·2 
(Two-member) CONNECTIONS WITH BOTH MEMBERS OF IDENTICAL SPECIES-( Continued) 

G :0.36 
EASTERN 

SOFTWOODS 
G :0.42 G = 0.37 SPRUCE-PINE-FIR(S) 

G = 0.43 SPRUCE-PINE- REDWOOD WESTERN CEDARS 

NAIL LENGTH NAIL DIAMETER HEM-FIR FIR (open grain) WESTERN WOODS 

L D z z z z 
inches inches lbs. lbs. lbs. lbs. 

x25.4formm PENNYWEIGHT x4.45for N 

2 0.113 6d 49 47 41 40 
2[h 0.131 8d 63 61 53 52 
3 0.148 !Od 75 73 64 63 
31/4 0.148 12d 75 73 64 63 
3lh 0.162 !6d 89 87 76 74 
4 0.192 20d 105 103 91 89 
4[h 0.207 30d 115 112 99 97 
5 0.225 40d 126 123 108 104 
5lh 0.244 SOd 130 127 110 106 
6 0.263 60d 147 144 116 112 
2 0.113 6d 53 52 44 43 
2lh 0.131 8d 67 65 56 55 
3 0.148 !Od 80 77 67 65 
31/4 0.148 !2d 80 77 67 65 
3lh 0.162 16d 93 90 78 77 
4 0.192 20d 109 106 93 91 
41h 0.207 30d 118 115 100 98 
5 0.225 40d 128 125 110 108 
st;z 0.244 SOd 132 129 113 Ill 

6 0.263 60d 149 145 128 126 

G = 0.35 
NORTHERN 

SPECIES 

z 
lbs. 

38 
50 
61 
61 
72 

86 
94 
98 

100 
105 
41 
53 
63 
63 
74 
88 
95 

105 
107 
122 
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21/z 0.131 8d 73 
3 0.148 10d 85 

31/4 0.148 12d 85 
3'/z 0.162 16d 99 

3/4 4 0.192 20d 114 

4'/z 0.207 30d 122 
5 0.225 40d 132 

51/z 0.244 SOd 136 
6 0.263 60d !52 
3 0.148 !Od 99 

31/4 0.148 12d 99 

31h 0.162 16d 113 
4 0.192 20d 128 

I 
41h 0.207 30d 135 
5 0.225 40d 144 

51h 0.244 SOd 148 
6 0.263 60d 164 

31/4 0.148 12d 102 

31h 0.162 16d 122 
4 0.192 20d 145 ,,,4 4'h 0.207 30d !52 
5 0.225 40d 160 

51/z 0.244 50d 163 
6 0.263 60d 179 

(Continued) 

70 60 

83 70 
83 70 
96 82 
Ill 96 
119 103 
129 112 
132 115 
149 130 
96 80 
96 80 
109 91 
124 105 
131 Ill 

140 120 
143 123 

!59 137 
100 89 
120 103 
140 116 
147 123 
!55 130 
!58 133 
174 147 

58 
69 
69 
80 
93 

101 
110 
113 
127 
77 

77 

89 
102 
109 
117 
120 
134 
87 

100 
113 
119 
127 
129 
143 

56 
66 
66 
77 

90 
97 

106 
109 
123 
74 
74 
85 
98 

104 
112 
115 
129 
84 
95 

108 
114 
121 
124 
137 
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SIDE MEMBER 
THICKNESS 

Is 
Inches 

llh 

TABLE 23-111-11-COMMON WIRE NAIL DESIGN VALUES (Z) FOR SINGLE SHEAR1,2 
(Two-member) CONNECTIONS WITH BOTH MEMBERS OF IDENTICAL SPECIES-(Continued) 

G = 0.36 
EASTERN 

SOFTWOODS 
G:0.42 G:0.37 SPRUCE-PINE-FlR(S) 

G= 0.43 SPRUCE-PINE- REDWOOD WESTERN CEDARS 

NAIL LENGTH NAIL DIAMETER HEM-FIR FIR (open grain) WESTERN WOODS 

L D z z z z 
inches inches lbs. lbs. lbs. lbs. 

x25.4formm PENNYWEIGHT x4.45 for N 

3112 0.162 !Od 122 120 106 104 

4 0.192 20d 147 144 128 126 

4112 0.207 30d 161 158 135 131 

5 0.225 40d 178 172 143 138 

51h 0.244 50d 181 175 146 141 

6 0.263 60d 197 191 159 155 
1Tabulated lateral design values (Z) for nailed connectiOns shall be multiplied by all applicable adJustment factors (see Table 23-III-A). 

G:0.35 
NORTHERN 

SPECIES 

z 
lbs. 

101 

120 

125 

132 

135 

148 

2Tabulated lateral design values (Z) are for common wire nails inserted in side grain with nail axis perpendicular to wood fibers, and with the following nail bending yield 
strength (Fyb): 
Fyb = 100,000 psi (690 N/mm2) for 0.113-inch- (2.9 mm) and 0.131-inch-diameter (3.3 mm) common wire nails. 
Fyb 90,000 psi (621 N/mm2) for 0.148-inch- (3.8 mm) and 0.162-inch-diameter (4.1 mm) common wire nails. 
Fyb 80,000 psi (552 N/mm2) for 0.192-inch- (4.9 mm), 0.207-inch- (5.3 mm) and 0.225-inch-diameter (5.7 mm) common wire nails. 
Fyb 70,000 psi (483 N/mm2) for 0.244-inch- (6.2 mm) and 0.263-inch-diameter (6.7 mm) common wire nails. 
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SIDE MEMBER 
THICKNESS 

"' inches 

l!z 

5/g 

TABLE 23-111-JJ-THREADED HARDENED-STEEL NAIL DESIGN VALUES (Z) FOR SINGLE SHEAR1•2·3 
(Two-member) CONNECTIONS WITH BOTH MEMBERS OF IDENTICAL SPECIES 

G= 0.55 G= 0.50 G:0.49 

NAIL LENGTH WIRE DIAMETER G= 0.67 MIXED MAPLE DOUGLAS FIR- DOUGLAS FIR-

L D RED OAK SOUTHERN PINE LARCH LARCH(N) 

inches inches Zlbs. Zlbs. Zlbs. Zlbs. 

x 25.41ormm PENNYWEIGHT x 4.45for N 

2 0.120 6d 103 80 71 69 
2'/z 0.120 8d 103 80 71 69 
3 0.13S 10d 124 98 88 8S 
31/4 0.13S 12d 124 98 88 8S 
31/z 0.148 16d 139 110 98 96 
4 0.177 20d 182 147 133 129 

4'/z 0.177 30d 182 147 133 129 
s 0.177 40d 182 147 133 129 
Sl!z 0.177 SOd 182 147 133 129 
6 0.177 60d 182 147 133 129 
21/z 0.120 8d 116 88 77 7S 
3 0.13S 10d 137 106 93 91 
31/4 0.13S 12d 137 106 93 91 
31/z 0.148 16d 1S3 118 104 101 
4 0.177 20d 196 1S4 138 134 
41/z 0.177 30d 196 1S4 138 134 
s 0.177 40d 196 1S4 138 134 
Sl!z 0.177 SOd 196 1S4 138 134 
6 0.177 60d 196 1S4 138 134 

(Continued) 

G= 0.46 
DOUGLAS FIR (S) 

HEM-FIR(N) 

Zlbs. 

6S 
6S 
80 
80 
90 

122 
122 
122 
122 
122 
70 
84 
84 
9S 

126 
126 
126 
126 
126 
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SIDE MEMBER 
THICKNESS 

Is 
inches 

% 

I 

TABLE 23-111-JJ-THREADED HARDENED-STEEL NAIL DESIGN VALUES (Z) FOR SINGLE SHEAR1,2,3 
(Two-member) CONNECTIONS WITH BOTH MEMBERS OF IDENTICAL SPECIES-( Continued) 

G= 0.55 G:0.50 G= 0.49 

NAIL LENGTH WIRE DIAMETER G= 0.67 MIXED MAPLE DOUGLAS FIR- DOUGLAS FIR· 

L 0 RED OAK SOUTHERN PINE LARCH LARCH (N) 

inches inches Zlbs. Zlbs. Zlbs. Zlbs. 

x25.4formm PENNYWEIGHT x 4.45 for N 

21h 0.120 Sd 121 97 S4 S2 
3 0.135 IOd 152 115 101 97 

31/4 0.135 12d 152 115 101 97 

3'h 0.14S 16d 169 12S 112 109 
4 0.177 20d 212 164 145 141 

41h 0.177 30d 212 164 145 141 
5 0.177 40d 212 164 145 141 

51h 0.177 50d 212 164 145 141 
6 0.177 60d 212 164 145 141 
7 0.207 70d 229 178 159 155 
s 0.207 SOd 229 17S 159 155 
9 0.207 90d 229 17S 159 155 

2'h 0.120 Sd 121 102 93 91 
3 0.135 IOd 154 12S liS 114 

31/4 0.135 12d 154 12S liS 114 

31/z 0.14S 16d 174 145 131 126 
4 0.177 20d 241 ISS 164 159 

4'h 0.177 30d 241 ISS 164 159 
5 0.177 40d 241 ISS 164 159 

51/z 0.177 50d 241 ISS 164 159 
6 0.177 60d 241 ISS 164 159 
7 0.207 70d 26S 202 177 171 
s 0.207 SOd 26S 202 177 171 
9 0.207 90d 26S 202 177 171 

G: 0.46 
DOUGLAS FIR (S) 

HEM-FIR (N) 

Zlbs. 

75 
90 
90 

101 
131 
131 
131 
131 
131 
145 
145 
145 
S6 

104 
104 
116 
146 
146 
146 
146 
146 
159 
159 
159 
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3 0.13S lOd 1S4 128 118 llS 109 

3 1/4 0.13S 12d 1S4 128 118 llS 109 

3'/z 0.148 16d 174 14S 133 130 123 

4 0.177 20d 241 201 184 180 16S 

4'h 0.177 30d 241 201 184 180 16S 

11/4 s 0.177 40d 241 201 184 180 16S 

S'h 0.177 SOd 241 201 184 180 16S 

6 0.177 60d 241 201 184 180 16S 

7 0.207 70d 271 227 199 192 177 

8 0.207 80d 271 227 199 192 177 

9 0.207 90d 271 227 199 192 177 

3 1/4 0.13S 12d 1S4 128 118 llS 109 

3 1/z 0.148 16d 174 14S 133 130 123 

4 0.177 20d 241 201 184 180 171 

4'h 0.177 30d 241 201 184 180 171 

11h 
s 0.177 40d 241 201 184 180 171 

S'h 0.177 SOd 241 201 184 180 171 

6 0.177 60d 241 201 184 180 171 

7 0.207 70d 271 227 208 203 193 

8 0.207 80d 271 227 208 203 193 

9 0.207 90d 271 227 208 203 193 
1Tabulated lateral design values (Z) for nailed connections shall be multiplied by all applicable adjustment factors (see Table 23-Ill-A). 
2Tabulated lateral design values (Z) are for threaded hardened-steel nails inserted in side grain with nail axis perpendicular to wood fibers, and with the following nail bending 

yield strength (Fyb): 
Fvh = 130,000 psi (897 N/mm2) for 0.120-inch- (3.0 mm) and 0.13S-inch-diameter (3.4 mm) threaded hardened-steel nails. 
Fyb = llS,OOO psi (793 N/mm2) for 0.148-inch- (3.8 mm) and 0.177-inch-diameter (4.S mm) threaded hardened-steel nails. 
F)·b = 100,000 psi (690 N/mm2) for 0.207-inch-diameter (S.3 mm) threaded hardened-steel nails. 

3Tabulated lateral design values (Z) shall not apply for annularly threaded nails when threads occur at the shear plane (see Section 2340.3.1 ). 

(Table continues) 
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SIDE 
MEMBER 

THICKNESS 
t, inches 

'h 

s;g 

NAIL 
LENGTH 

L 
Inches 

TABLE 23-111-JJ-THREADED HARDENED-STEEL NAIL DESIGN VALUES (Z) FOR SINGLE SHEAR1·2,3 
(Two-member) CONNECTIONS WITH BOTH MEMBERS OF IDENTICAL SPECIEs-{Continued) 

G-0.36 
EASTERN SOFTWOODS 

WIRE G=0.37 SPRUCE-PINE-FIR (S) 

DIAMETER G=0.63 G=0.42 REDWOOD WESTERN CEDARS 

D HEM-AR SPRUCE-PINE-AR (open grain) WESTERN WOODS 

Inches PENNY- Zlbs. Zlbs. Zlbs. Zlbs. 

x25.4formm WEIGHT x4.45for N 

2 0.120 6d 60 58 51 50 
2'/z 0.120 8d 60 58 51 50 

3 0.135 !Od 74 72 63 62 
31/4 0.135 12d 74 72 63 62 
3'/z 0.148 16d 83 81 72 70 
4 0.177 20d 114 111 98 96 

41/z 0.177 30d 114 Ill 98 96 
5 0.177 40d 114 Ill 98 96 

5th 0.177 50d 114 Ill 98 96 
6 0.177 60d 114 Ill 98 96 

zttz 0.120 8d 63 62 53 52 
3 0.135 !Od 78 75 65 64 

31/4 0.135 12d 78 75 65 64 
31/z 0.148 16d 87 85 73 72 
4 0.177 20d 116 113 99 97 

41/z 0.177 30d 116 113 99 97 
5 0.177 40d 116 113 99 97 

51/z 0.177 50d 116 113 99 97 
6 0.177 60d 116 113 99 97 

G= 0.35 
NORTHERN 

SPECIES 

Zlbs. 

48 
48 
60 
60 
68 
94 
94 
94 
94 
94 
50 
62 
62 
69 
94 
94 
94 
94 
94 

N 
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L c.. 
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21h 0.120 8d 68 
3 0.135 IOd 82 

31/4 0.135 12d 82 
31/z 0.148 16d 92 
4 0.177 20d 121 

3;4 
41/z 0.177 30d 121 
5 0.177 40d 121 

51/z 0.177 50d 121 
6 0.177 60d 121 
7 0.207 70d 133 
8 0.207 80d 133 
9 0.207 90d 133 

z1fz 0.120 8d 80 
3 0.135 IOd 94 

31/4 0.135 12d 94 
31/z 0.148 16d 105 
4 0.177 20d 133 

I 
41/z 0.177 30d 133 

5 0.177 40d 133 
51/z 0.177 50d 133 
6 0.177 60d 133 
7 0.207 70d 145 
8 0.207 80d 145 
9 0.207 90d 145 
3 0.135 IOd 102 

31/4 0.135 12d 102 
Jl/4 31/z 0.148 16d 115 

4 0.177 20d 149 
41h 0.177 30d 149 

66 56 55 
80 68 67 
80 68 67 
89 77 75 

117 102 100 
117 102 100 
117 102 100 
117 102 100 
117 102 100 
130 ll3 Ill 
130 113 Ill 
130 ll3 lll 

77 64 62 
91 76 74 
91 76 74 

101 85 83 
129 llO 107 
129 llO 107 
129 110 107 
129 110 107 
129 110 107 
140 120 117 
140 120 ll7 
140 120 117 
100 86 83 
100 86 83 
113 95 93 
144 120 117 
144 120 117 

(Continued) 

52 
64 
64 
72 
96 
96 
96 
96 
96 

107 
107 
107 
59 
71 
71 
79 

103 
103 
103 
103 
103 
113 
113 
ll3 
79 
79 
88 

ll2 
112 
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~ .... 
0 ..... 
0 

SIDE 
MEMBER 

THICKNESS 
Is inches 

11/4 

llh 

NAIL 
LENGTH 

L 
Inches 

TABLE 23-111-JJ-THREADED HARDENED-STEEL NAIL DESIGN VALUES (Z) FOR SINGLE SHEAR1,2,3 
(Two-member) CONNECTIONS WITH BOTH MEMBERS OF IDENTICAL SPECIES--( Continued) 

G= 0.36 
EASTERN SOFTWOODS 

WIRE G:0.37 SPRUCE-PINE-FIR (S) 

DIAMETER G= 0.63 G: 0.42 REDWOOD WESTERN CEDARS 

D 
HEM-FIR SPRUCE-PINE-FIR (open grain) WESTERN WOODS 

inches PENNY- Zlbs. Zlbs. Zlbs. Zlbs. 

x25.4formm WEIGHT x 4.45 for N 

s 0.177 40d 149 144 120 117 

S1h 0.177 SOd 149 144 120 117 

6 0.177 60d 149 144 120 117 

7 0.207 70d 160 lSS 130 127 

8 0.207 80d 160 lSS 130 127 

9 0.207 90d 160 lSS 130 127 

31/4 0.13S 12d 102 100 89 87 

31h 0.148 16d 11S 113 100 98 

4 0.177 20d 160 1S6 132 129 

41h 0.177 30d 160 1S6 132 129 

s 0.177 40d 160 1S6 132 129 

S1h 0.177 SOd 160 1S6 132 129 

6 0.177 60d 160 1S6 132 129 

7 0.207 70d 177 171 142 138 

8 0.207 80d 177 171 142 138 

9 0.207 90d 177 171 142 138 
1Tabulated lateral design values (Z) for nailed conneclions shall be mul!iphed by all applicable adJustment factors (see Table 23-Ill-A). 

G= 0.35 
NORTHERN 

SPECIES 

Zlbs. 

112 

112 

112 

121 

121 

121 

84 

9S 

123 

123 

123 

123 

123 

132 

132 

132 

2Tabulated lateral design values (Z) are for threaded hardened-steel nails inserted in side grain with nail axis perpendicular to wood fibers, and with the following nail bending 
yield strength (Fyb ): 
Fvb = 130,000 psi (897 N/mm2) for 0.120-inch- (3.0 mm) and 0.13S-inch-diameter (3.4 mm) threaded hardened-steel nails. 
Fvb = llS,OOO psi (793 N/mm2) for 0.148-inch- (3.8 mm) and 0.177-inch-diameter (4.S mm) threaded hardened-steel nails. 
Fyb = 100,000 psi (690 N/mm2) for 0.207-inch-diameter (S.3 mm) threaded hardened-steel nails. 

3Tabulated lateral design values (Z) shall not apply for annularly threaded nails when threads occur at the shear plane (see Section 2340.3.1 ). 
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SIDE 
MEMBER 

THICKNESS 
Is 

inches 

lh 

5/g 

3/4 

SPIKE 
LENGTH 

L 
inches 

TABLE 23-111-KK-COMMON WIRE SPIKE DESIGN VALUES (Z) FOR SINGLE SHEAR (Two-member)1,2 
CONNECTIONS WITH BOTH MEMBERS OF IDENTICAL SPECIES 

G= 0.55 G:0.5D 

SPIKE G= 0.67 MIXED MAPLE DOUGLAS G:0.49 

DIAMETER RED OAK SOUTHERN PINE FIR-LARCH DOUGLAS FIR-LARCH (N) 

D z z z z 
Inches PENNY· lbs. lbs. lbs. lbs. 

x25.4formm WEIGHT x 4.45 for N 

3 0.192 !Od 172 137 124 121 

31/4 0.192 12d 172 137 124 121 

31h 0.207 16d 185 148 134 131 
4 0.225 20d 200 162 147 143 

41h 0.244 30d 205 166 151 147 
5 0.263 40d 230 188 171 167 

51h 0.283 50d 247 201 183 179 
6 0.283 60d 247 201 183 179 

3 0.192 !Od 188 146 130 126 

31/4 0.192 12d 188 146 130 126 

31h 0.207 16d 199 156 140 136 
4 0.225 20d 213 169 151 147 

41h 0.244 30d 218 173 155 151 
5 0.263 40d 242 194 175 170 

51h 0.283 50d 260 208 187 183 
6 0.283 60d 260 208 187 183 

31/4 0.192 12d 206 !57 138 134 

31h 0.207 16d 216 166 147 143 
4 0.225 20d 229 178 !58 154 

41h 0.244 30d 234 182 162 158 
5 0.263 40d 258 203 181 176 

51h 0.283 50d 277 217 194 189 
6 0.283 60d 277 217 194 189 
7 0.312 5h6 325 257 231 225 

glh 0.375 3/g 401 319 287 279 

(Continued) 

G:0.46 
DOUGLAS FIR (S) 

HEM-FIR(N) 

z 
lbs. 

114 
114 
123 
135 
139 
158 
169 
169 
118 
118 
127 
138 
142 
160 
172 
172 
125 
133 
144 
147 
165 
177 
177 
211 
263 
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SIDE 
MEMBER 

THICKNESS 
Is 

inches 

I 

Jl/4 

11/z 

21h 

31h 

SPIKE 
LENGTtt 

L 
inches 

TABLE23·111·KK-COMMON WIRE SPIKE DESIGN VALUES (Z) FOR SINGLE SHEAR (Two-member)1,2 
CONNECTIONS WITH BOTH MEMBERS OF IDENTICAL SPECIE5-(Continued) 

G: 0.55 G: 0.50 

SPIKE G:0.67 MIXED MAPLE DOUGLAS G: 0.49 

DIAMETER RED OAK SOUTHERN PINE FIR-LARCH DOUGLAS FIR-LARCH (N) 

D z z z z 
inches PENNY- lbs. lbs. lbs. lbs. 

x25.4formm WEIGHT x 4.45 for N 

31h 0.207 16d 243 192 167 162 
4 0.225 20d 268 202 177 171 

41h 0.244 30d 274 207 181 175 
5 0.263 40d 298 227 199 193 

51/z 0.283 50d 321 243 214 207 
6 0.283 60d 321 243 214 207 
7 0.312 5h6 369 283 250 243 

81/z 0.375 3Js 452 348 309 300 
4 0.225 20d 268 224 200 193 

4'h 0.244 30d 276 230 204 197 
5 0.263 40d 314 256 222 215 

51/z 0.283 50d 337 275 239 231 
6 0.283 60d 337 275 239 231 
7 0.312 5h6 409 316 276 267 

81/z 0.375 3/g 512 386 338 327 
41h 0.244 30d 276 230 211 206 

5 0.263 40d 314 262 240 235 
51/z 0.283 50d 337 281 257 252 
6 0.283 60d 337 281 257 252 
7 0.312 5h6 409 342 305 295 

81/z 0.375 3Js 512 428 373 360 
6 0.283 60d 337 281 257 252 
7 0.312 5h6 409 342 313 306 

81h 0.375 3Js 512 428 391 383 

81/z 0.375 3/g 512 428 391 383 

G= 0.46 
DOUGLAS FIR (S) 

HEM-FIR (N) 

z 
lbs. 

149 
!59 
162 
179 
192 
192 
226 
279 
177 
181 
198 
213 
213 
247 
303 
196 
220 
236 
236 
271 
331 
239 
290 
363 
363 

1Tabulated lateral des1gn values (Z) for spike connectiOns shall be multiplied by all applicable adjustment factors (see Table 23-III-A). 
2Tabulated lateral design values (Z) are for common wire spikes inserted in side grain with spike axis perpendicular to wood fibers, and with the following spike bending 

yield strength (Fyb): 

... 
~ 
c: z 
=n 
0 
::1:1 
::::: 
1:11 
c: 
r= 
c z 
C) 

0 
0 
c 
m 



F,.b = 80,000 psi (552 N/mm2) for 0.192-inch- (4.9 mm), 0.207-inch- (5.3 mm) and 0.225-inch-diameter (5.7 mm) common wire spikes. 
F,.b = 70,000 psi (483 N/mm2) for 0.224-inch- (5.7 mm) and 0.263-inch-diameter (6.7 mm) common wire spikes. 
F,.b = 60,000 psi (414 N/mm2) for 0.283-inch- (7.2 mm) and 5h6-inch-diameter (7.9 mm) common wire spikes. 
F,.b = 45,000 psi (310 N/mm2) for 3/s-inch-diameter (9.5 mm) common wire spikes. 

(Table continues) 

G-0.36 
EASTERN SOFTWOODS 

SIDE G:0.37 SPRUCE-PINE-FIR (S) 

MEMBER SPIKE SPIKE G:0.43 G:0.42 REDWOOD WESTERN CEDARS 

THICKNESS LENGTH DIAMETER HEM-FIR SPRUCE-PINE-FIR (open grain) WESTERN WOODS 

fs L D z z z z 
inches inches inches PENNY· lbs. lbs. lbs. lbs. 

x25.4formm WEIGHT x 4.45 for N 

3 0.192 IOd 105 103 91 89 

31/4 0.192 12d 105 103 91 89 

31/z 0.207 16d 115 112 99 97 

lh 4 0.225 20d 126 123 108 104 

4 1h 0.244 30d 130 127 110 106 

5 0.263 40d 147 144 116 112 

51h 0.283 50d 158 155 125 120 

6 0.283 60d 158 155 125 120 

3 0.192 IOd 109 106 93 91 

31/4 0.192 12d 109 106 93 91 

31/z 0.207 16d 118 115 100 98 

5Js 4 0.225 20d 128 125 110 108 

41/z 0.244 30d 132 129 113 Ill 

5 0.263 40d 149 145 128 126 

5 1/z 0.283 50d 160 156 138 135 

6 0.283 60d 160 156 138 135 

(Continued) 

G:0.35 
NORTHERN 

SPECIES 

z 
lbe. 

86 
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98 

100 

105 

113 

113 
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88 
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SIDE 
MEMBER 

THICKNESS 
Is 

inches 

314 

I 

J1/4 

SPIKE 
LENGTH 

L 
inches 

TABLE 23-111-KK-COMMON WIRE SPIKE DESIGN VALUES (Z) FOR SINGLE SHEAR (Two-member)1,2 
CONNECTIONS WITH BOTH MEMBERS OF IDENTICAL SPECIES-(Continued) 

G= 0.36 
EASTERN SOFTWOODS 

G:0.37 SPRUCE-PINE-FIR (S) 

SPIKE G= 0.43 G:0.42 REDWOOD WESTERN CEDARS 

DIAMETER HEM-FIR SPRUCE-PINE-FIR (open grain) WESTERN WOODS 

D z z z z 
inches PENNY- lbs. lbs. lbs. lbs. 

x25.4formm WEIGHT x 4.45 for N 

31/4 0.192 12d 114 Ill 96 93 
31h 0.207 16d 122 119 103 101 

4 0.225 20d 132 129 112 110 
41h 0.244 30d 136 132 115 113 

5 0.263 40d !52 149 130 127 
51h 0.283 50d 163 !59 140 137 

6 0.283 60d 163 !59 140 137 
7 0.312 5h6 196 191 168 165 

81h 0.375 3/g 244 238 210 206 

31h 0.207 16d 135 131 Ill 109 
4 0.225 20d 144 140 120 117 

41h 0.244 30d 148 143 123 120 
5 0.263 40d 164 !59 137 134 

51h 0.283 50d 176 171 147 143 
6 0.283 60d 176 171 147 143 
7 0.312 5h6 207 202 175 171 

81h 0.375 3/g 257 250 217 212 
4 0.225 20d 160 !55 130 127 

41h 0.244 30d 163 !58 133 129 
5 0.263 40d 179 174 147 143 

51h 0.283 50d 193 186 !58 !54 
6 0.283 60d 193 186 !58 !54 
7 0.312 5116 224 217 185 180 

81/z 0.375 3/g 276 268 229 223 

G= 0.35 
NORTHERN 

SPECIES 

z 
lbs. 

90 
97 

106 
109 
123 
132 
132 
160 
199 
104 
112 
115 
129 
138 
138 
165 
205 
121 
124 
137 
147 
147 
173 
214 
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41h 0.244 30d 181 175 146 141 135 

5 0.263 40d 197 191 159 155 148 
1lh 51h 0.283 50d 212 205 171 166 159 

6 0.283 60d 212 205 171 166 159 

7 0.312 5h6 244 236 199 193 185 

8 1h 0.375 3/g 299 290 244 238 228 

6 0.283 60d 223 219 194 191 185 
2lh 7 0.312 5h6 271 266 236 232 225 

81h 0.375 3/g 340 332 296 290 281 

3lh 8lh 0.375 3fs 340 332 296 290 281 
1Tabulated lateral design values (Z) for spike connectiOns shall be multiplied by all applicable adJustment factors (see Table 23-III-A). 
2Tabulated lateral design values (Z) are for common wire spikes inserted in side grain with spike axis perpendicular to wood fibers, and with the following spike bending 

yield strength (Fyb): 

Fyb = 80,000 psi (552 N/mm2) for 0.192-inch- (4.9 mm), 0.207-inch- (5.3 mm) and 0.225-inch-diameter (5.7 mm) common wire spikes. 
Fyb = 70,000 psi (483 N/mm2) for 0.224-inch- (5.7 mm) and 0.263-inch-diameter (6.7 mm) common wire spikes. 
Fyb = 60,000 psi (414 N/mm2) for 0.283-inch- (7.2 mm) and 51t6-inch-diameter (7.9 mm) common wire spikes. 
Fyb = 45,000 psi (310 N/mm2) for 3/g-inch-diameter (9.5 mm) common wire spikes. 
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STEEL 
SIDE 

PLATE 

10 gage 
15 =0.134" 

11 gage 
15 =0.12" 

12 gage 
t5 =0.I05" 

NAIL 
LENGTH 

L 
inches 

TABLE 23-111-LL-BOX NAIL DESIGN VALUES (Z) FOR SINGLE SHEAR (Two-member) CONNECTIONS1•2·3 
WITH ASTM A 446, GRADE A STEEL SIDE PLATE 

G= 0.55 G: 0.50 

NAIL G= 0.67 MIXED MAPLE DOUGLAS FIR- G:0.49 

DIAMETER RED OAK SOUTHERN PINE LARCH DOUGLAS FIR-LARCH (N) 

D z z z z 
inches PENNY- lbs. lbs. lbs. lbs. 

x25.4for mm WEIGHT x4.45for N 

2 0.099 6d 84 74 69 67 
21/z 0.113 8d 104 90 84 83 

3 0.128 !Od 127 111 103 101 
31/4 0.128 12d 127 Ill 103 101 
31/z 0.135 16d 139 121 113 Ill 

4 0.148 20d !57 137 127 125 
41/z 0.148 30d !57 137 127 125 

5 0.162 40d 184 160 149 146 
2 0.099 6d 80 70 65 64 

21/z 0.113 8d 100 87 81 79 
3 0.128 10d 123 107 100 98 

31/4 0.128 12d 123 107 100 98 
31/z 0.135 16d 135 118 109 107 

4 0.148 20d 153 133 123 121 
41h 0.148 30d 153 133 123 121 

5 0.162 40d 180 156 145 142 
2 0.099 6d 77 67 62 61 

2 1h 0.113 8d 96 83 78 76 
3 0.128 !Od 120 104 96 95 

31/4 0.128 12d 120 104 96 95 
3 1h 0.135 16d 132 114 106 104 

4 0.148 20d 149 129 120 118 
41h 0.148 30d 149 129 120 118 
5 0.162 40d 176 !52 141 139 

G: 0.46 
DOUGLAS FIR (S) 

HEM·FIR(N) 

z 
lbs. 

65 
79 
97 
97 

106 
119 
119 
140 

61 
76 
94 
94 

103 
116 
116 
136 
58 
73 
90 
90 
99 

112 
112 
133 
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2 0.099 6d 70 61 57 56 53 

21/2 0.113 8d 90 78 72 71 68 

3 0.128 lOd 114 98 91 89 85 

14 gage 3 1/4 0.128 12d 114 98 91 89 85 
15 =0.075" 31h 0.135 16d 126 109 101 99 94 

4 0.148 20d 144 124 115 112 107 

4lh 0.148 30d 144 124 115 112 107 

5 0.162 40d 171 147 136 134 128 

2 0.099 6d 68 59 55 54 51 

21/z 0.113 Sd 88 76 70 69 66 

3 0.128 !Od 112 97 89 88 84 

16 gage Jl/4 0.128 12d 112 97 89 88 84 
15 =0.06" Jlh 0.135 16d 125 107 99 97 93 

4 0.148 20d 142 122 113 Ill 106 
41/z 0.148 30d 142 122 113 Ill 106 

5 0.162 40d 170 146 135 132 126 

2 0.099 6d 67 58 54 53 50 

21/z 0.113 Sd 87 75 69 68 65 

3 0.128 IOd 112 96 89 87 83 

18 gage 31/4 0.128 12d 112 96 89 87 83 
15 =0.048" Jlh 0.135 16d 124 106 98 97 92 

4 0.148 20d 142 121 112 110 105 

41h 0.148 30d 142 121 112 110 105 

5 0.162 40d 170 145 134 132 125 

2 0.099 6d 67 57 53 52 50 

21/z 0.113 Sd 87 75 69 68 64 
20 gage 

3 0.128 IOd 112 96 88 87 82 
15 =0.036" 

Jlf4 0.128 12d 112 96 88 87 82 

Jlh 0.135 16d 125 106 98 96 92 

1Tabulated lateral design values (Z) for nailed connections shall be multiplied by all applicable adjustment factors (see Table 23-III-A). 
2Tabulated lateral design values (Z) are for box nails inserted in side grain with nail axis perpendicular to wood fibers, and with the following nail bending yield strength 
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(F,.h): ~ 

~ F,./, = 100,000 psj {690 N/mm2) for 0.099-inch- (2.5 mm), 0.113-inch- (2.9 mm), 0.128-inch- (3.3 mm) and 0.135-inch-diameter (3.4 mm) box nails. ~ 
o Fvh = 90,000 psi (621 N/mm2) for 0.148-inch- (3.8 mm) and 0.162-inch-diameter (4.1 mm) box nails. r 
::::1 3Tabulated lateral design values (Z) are based on a dowel-bearing strength (F,) of 45,000 psi (31 0 N/mm2) for ASTM A 446, Grade A steel. r-

(Table continues) 



~ .... 
C) 
....... 
00 

STEEL 
SIDE 

PLATE 

10 gage 
t5 =0.134" 

II gage 
t5 =0.12" 

12 gage 
t,=0.105" 

NAIL 
LENGTH 

L 
inches 

TABLE 23-111-LL-BOX NAIL DESIGN VALUES (Z) FOR SINGLE SHEAR (Two-member) CONNECTIONS1,2,3 
WITH ASTM A 446, GRADE A STEEL SIDE PLATE--{Continued) 

G=0.36 
EASTERN SOFTWOODS 

G= 0.37 SPRUCE-PINE-FIR (S) 

NAIL G=0.43 G=0.42 REDWOOD WESTERN CEDARS 

DIAMETER HEM-FIR SPRUCE-PINE-FIR (open grain) WESTERN WOODS 

D z z z z 
inches PENNY- lbs. lbs. lbs. lbs. 

x 25.41ormm WEIGHT x 4.451or N 

2 0.099 6d 61 60 54 54 
21h 0.113 8d 75 74 67 66 
3 0.128 IOd 92 90 82 80 

31/4 0.128 12d 92 90 82 80 
31h 0.135 16d 100 98 89 88 

4 0.148 20d 113 Ill 100 99 
41h 0.148 30d 113 Ill 100 99 

5 0.162 40d 132 129 117 115 
2 0.099 6d 58 57 52 51 

21h 0.113 8d 72 71 64 63 
3 0.128 IOd 89 87 79 77 

31/4 0.128 12d 89 87 79 77 
31h 0.135 16d 97 95 86 85 
4 0.148 20d 109 107 97 95 

41h 0.148 30d 109 107 97 95 
5 0.162 40d 128 126 114 112 
2 0.099 6d 55 54 49 48 

21h 0.113 8d 69 68 61 60 
3 0.128 IOd 85 84 76 74 

31/4 0.128 12d 85 84 76 74 
31h 0.135 16d 94 92 83 82 
4 0.148 20d 106 104 94 92 

41h 0.148 30d 106 104 94 92 
5 0.162 40d 125 123 Ill 109 

G= 0.35 
NORTHERN 

SPECIES 

z 
lbs. 

52 
64 
78 
78 
85 
96 
96 

112 
50 
61 
75 
75 
82 
93 
93 

109 
47 
58 
72 
72 

80 
90 
90 

106 
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2 0.099 6d 50 49 44 44 43 

21/z 0.113 8d 64 63 56 56 54 

3 0.128 10d 81 79 71 70 68 

14 gage 31/4 0.128 12d 81 79 71 70 68 
t5 =0.075" 31h 0.135 16d 89 87 79 77 75 

4 0.148 20d 101 99 89 88 85 

41h 0.148 30d 101 99 89 88 85 

5 0.162 40d 120 118 106 104 101 

2 0.099 6d 48 47 43 42 41 

21h 0.113 8d 62 61 55 54 52 

3 0.128 10d 79 77 70 68 66 

16 gage 31/4 0.128 12d 79 77 70 68 66 
t5=0.06" 31h 0.135 16d 87 86 77 76 74 

4 0.148 20d 100 98 88 86 84 

41h 0.148 30d 100 98 88 86 84 

5 0.162 40d 119 116 105 103 100 

2 0.099 6d 47 46 42 41 40 
21/z 0.113 8d 61 60 54 53 51 

3 0.128 10d 78 76 69 67 66 

18 gage 31/4 0.128 12d 78 76 69 67 66 
t5 =0.048" 31h 0.135 16d 87 85 76 75 73 

4 0.148 20d 99 97 87 85 83 
4lh 0.148 30d 99 97 87 85 83 

5 0.162 40d 118 116 104 102 99 

2 0.099 6d 47 46 41 40 39 
21/z 0.113 8d 61 59 53 52 51 

20 gage 
3 0.128 !Od 78 76 68 67 65 

15=0.036" 
31/4 0.128 12d 78 76 68 67 65 

31h 0.135 16d 86 84 76 74 72 
1Tabulated lateral design values (Z) for nailed connections shall be multiplied by all applicable adjustment factors (see Table 23-III-A). 
2Tabulated lateral design values (Z) are for box nails inserted in side grain with nail axis perpendicular to wood fibers, and with the following nail bending yield strength 
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~ Fyb = 100,000 psi (690 N/mm2) for 0.099-inch- (2.5 mm), 0.113-inch- (2.9 mm), 0.128-inch- (3.3 mm) and 0.135-inch-diameter (3.4 mm) box nails. ~ o Fyb = 90,000 psi (621 N/mm2) for 0.148-inch- (3.8 mm) and 0.162-inch-diameter (4.1 mm) box nails. r 
u:f 3Tabulated lateral design values (Z) are based on a dowel-bearing strength (F,) of 45,000 psi (31 0 N/mm2) for ASTM A 446, Grade A steel. r 



NAIL 
STEEL LENGTH 
SIDE L 

PLATE inches 
x25.4for mm 

3 gage :,itz 
15 =0.239" 6 

4 
41/z 

7 gage s 
15 =0.179" 

S1h 
6 
2 

21/z 
3 

31/4 
10 gage 31/z 

15 =0.134" 4 
41/z 
s 

S1/z 
6 
2 

21/z 
3 

31/4 
II gage 31/2 

15 =0.12" 4 
41/2 

5 
Sl/~ 

6 

TABLE 23-111-MM-COMMON WIRE NAIL DESIGN VALUES (Z) FOR SINGLE SHEAR1,2,3 
(Two-member) CONNECTIONS WITH ASTM A 446, GRADE A STEEL SIDE PLATE 

NAIL G= 0.55 G= 0.50 G=0.49 

DIAMETER G= 0.67 MIXED MAPLE DOUGLAS FIR- DOUGLAS 

D 
RED OAK SOUTHERN PINE LARCH FIR-LARCH (N) 

inches PENNY- Zlbs. Zlbs. Zlbs. Zlbs. 

WEIGHT x4.45 for N 

0.244 SOd 301 263 24S 241 
0.263 60d 334 291 271 266 
0.192 20d 233 203 189 18S 
0.207 30d 249 217 202 198 
0.22S 40d 269 234 217 213 
0.244 SOd 276 240 223 219 
0.263 60d 309 268 249 24S 
0.113 6d 104 90 84 83 
0.131 8d 133 11S 107 10S 
0.148 10d 1S7 137 127 12S 
0.148 12d 1S7 137 127 12S 
0.162 16d 184 160 149 146 
0.192 20d 217 188 174 171 
0.207 30d 234 203 188 18S 
0.22S 40d 2S6 221 20S 201 
0.244 SOd 262 227 210 206 
0.263 60d 296 2S6 237 233 
0.113 6d 100 87 81 79 
0.131 8d 128 112 104 102 
0.148 IOd 1S3 133 123 121 
0.148 12d 1S3 133 123 121 
0.162 16d 180 1S6 14S 142 
0.192 20d 213 184 171 168 
0.207 30d 231 199 18S 181 
0.22S 40d 2S2 218 202 198 
0.244 SOd 2S9 224 207 204 
0.263 60d 294 2S3 234 230 

G=0.46 
DOUGLAS FIR (S) 

HEM-FIR(N) 

Zlbs. 

230 
2SS 
177 
189 
204 
209 
234 

79 
101 
119 
119 
140 
164 
176 
192 
197 
222 
76 
97 

116 
116 
136 
160 
173 
189 
194 
220 
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2 0.113 6d 
21h 0.131 8d 

3 0.148 10d 
31/4 0.148 12d 

12 gage 31h 0.162 16d 
ts=0.10S" 4 0.192 20d 

41h 0.207 30d 
s 0.22S 40d 

S1h 0.244 SOd 
6 0.263 60d 
2 0.113 6d 

21h 0.131 8d 
3 0.148 10d 

31/4 0.148 12d 
14 gage 31h 0.162 16d 

ts=0.07S" 4 0.192 20d 
41/z 0.207 30d 
s 0.22S 40d 

S1!z 0.244 SOd 
6 0.263 60d 
2 0.113 6d 

21/z 0.131 8d 
3 0.148 10d 

16 gage 
31/4 0.148 12d ts=0.06" 
31/z 0.162 16d 
4 0.192 20d 

41/z 0.207 30d 
2 0.113 6d 

18 gage 
21/z 0.131 8d 

ts=0.048" 3 0.148 10d 
31/4 0.148 12d 
31/z 0.162 16d 

96 83 78 
12S 108 100 
149 129 120 
149 129 120 
176 IS2 141 
209 181 168 
228 196 182 
2SO 2IS 199 
2S7 221 20S 
291 2SI 232 
90 78 72 

119 103 9S 
144 124 11S 
144 124 11S 
171 147 136 
20S 176 163 
224 192 178 
247 212 196 
2S4 218 202 
289 248 229 

88 76 70 
118 101 94 
142 122 113 
142 122 113 
170 146 I3S 
204 17S 162 
224 191 177 

87 7S 69 
117 100 93 
142 121 112 
142 121 112 
170 14S 134 

(Continued) 

76 
99 

118 
118 
139 
164 
178 
196 
201 
228 

71 
93 

112 
112 
134 
160 
174 
192 
198 
22S 
69 
92 

Ill 
Ill 
132 
IS9 
174 
68 
91 

110 
110 
132 

73 
94 

112 
112 
133 
IS7 
170 
187 
192 
217 

68 
89 

107 
107 
128 
1S3 
166 
183 
188 
214 
66 
88 

106 
106 
126 
!Sl 
l6S 
6S 
87 

10S 
lOS 
12S 
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NAIL 
STEEL LENGTH 
SIDE L 

PLATE inches 
x 25.4formm 

2 
20 gage 

21h 15 =0.036" 
3 

TABLE 23-111-MM-COMMON WIRE NAIL DESIGN VALUES (Z) FOR SINGLE SHEAR1,2,3 
(Two-member) CONNECTIONS WITH ASTM A 446, GRADE A STEEL SIDE PLATE--(Continued) 

NAIL G- 0.55 G: 0.50 G= 0.49 

DIAMETER G:0.67 MIXED MAPLE DOUGLAS FIR- DOUGLAS 

D RED OAK SOUTHERN PINE LARCH FIR-LARCH (N) 

inches PENNY- Zlbs. Zlbs. Zlbs. Zlbs. 

WEIGHT x 4.45 for N 

0.113 6d 87 75 69 68 
0.131 8d 117 100 92 91 
0.148 10d 142 121 112 110 

1Tabulated lateral des1gn values (Z) for nmled connectiOns shall be muluphed by all applicable adjustment factors (see Table 23-III-A). 

G: 0.46 
DOUGLAS FIR (S) 

HEM-FIR(N) 

Zlbs. 

64 

86 
105 

2Tabulated lateral design values (Z) are for common wire nails inserted in side grain with nail axis perpendicular to wood fibers, and with the following nail bending yield 
strength (Fyb) 

Fyb = 100,000 psi (690 N/mm2) for 0.113-inch- (2.9 mm) and 0.131-inch-diameter (3.3 mm) common wire nails. 
Fvb = 90,000 psi (621 N/mm2) for 0.148-inch- (3.8 mm) and 0.162-inch-diameter (4.1 mm) common wire nails. 
Fvb = 80,000 psi (552 N/mm2) for 0.192-inch- (4.9 mm), 0.131-inch- (3.3 mm) and 0.225-inch-diameter (5.7 mm) common wire nails. 
Fvb = 70,000 psi (483 N/mm2) for 0.224-inch- (5.7 mm) and 0.263-inch-diameter (6.7 mm) common wire nails. 

3Tabulated lateral design values (Z) are based on a dowel-bearing strength <Fe) of 45,000 psi (31 0 N/mm2) for ASTM A 446, Grade A steel. 

(Table continues) 
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NAIL NAIL 
STEEL LENGTH DIAMETER 
SIDE L D 

PLATE inches inches PENNY-
x25.4formm WEIGHT 

3 gage S1h 0.244 SOd 
15 =0.239" 6 0.263 60d 

4 0.192 20d 

7 gage 
41h 0.207 30d 

15 =0.179" s 0.22S 40d 
S1h 0.244 SOd 

6 0.263 60d 
2 0.113 6d 

21h 0.131 8d 
3 0.148 !Od 

31/4 0.148 12d 
10 gage 31h 0.162 16d 

t5 =0.134" 4 0.192 20d 
41h 0.207 30d 
s 0.22S 40d 

S1h 0.244 SOd 
6 0.263 60d 
2 0.113 6d 

21h 0.131 8d 
3 0.148 !Od 

31/4 0.148 12d 
11 gage 31h 0.162 16d 
ts=O.l2" 4 0.192 20d 

41h 0.207 30d 
s 0.22S 40d 

S1h 0.244 SOd 
6 0.263 60d 

G:0.37 
G: 0.43 G: 0.42 REDWOOD 
HEM-FIR SPRUCE-PINE-FIR (open grain) 

Zlbs. Zlbs. Zlbs. 

x 4.45 for N 

218 214 194 
241 237 214 
168 !6S 149 
179 176 !S9 
193 189 171 
198 194 17S 
221 217 196 

7S 74 67 
9S 94 8S 

113 111 100 
113 111 100 
132 129 117 
ISS 1S2 137 
167 163 147 
181 178 160 
186 183 16S 
210 206 18S 
72 71 64 
92 90 82 

109 107 97 
109 107 97 
128 126 114 
lSI 148 134 
163 160 14S 
178 17S 1S8 
183 180 162 
207 203 183 

(Continued) 

G: 0.36 
EASTERNSOFnNOODS 

SPRUCE-PINE-FIR (S) 
WESTERN CEDARS 
WESTERN WOODS 

Zlbs. 

191 
211 
146 
!S6 
168 
172 
192 
66 
83 
99 
99 

liS 
!3S 
!4S 
1S8 
162 
182 
63 
80 
9S 
9S 

112 
132 
142 
ISS 
1S9 
180 

G: 0.35 
NORTHERN 

SPECIES 

Zlbs. 

186 
20S 

143 
!S2 
164 
168 
187 
64 
81 
96 
96 

112 
131 
141 
1S3 
IS7 
177 
61 
78 
93 
93 

109 
128 
138 
lSI 
ISS 
17S 
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NAIL 
STEEL LENGTH 
SIDE L 

PLATE inches 
x25.4formm 

2 
21/z 

3 
31/4 

12 gage 31/z 
t5 =0.105" 4 

41/z 
5 

51/z 
6 
2 

21/z 
3 

31/4 
14 gage 31/z 

t5 =0.075" 4 
41/z 

5 
51/z 

6 

TABLE 23-111-MM-COMMON WIRE NAIL DESIGN VALUES (Z) FOR SINGLE SHEAR1,2,3 
(Two-member) CONNECTIONS WITH ASTM A 446, GRADE A STEEL SIDE PLATE-(Continued) 

G= 0.36 
EASTERN SOFTWOODS 

G= 0.37 SPRUCE-PINE-FIR (S) 

NAIL G:0.43 G=0.42 REDWOOD WESTERN CEDARS 

DIAMETER HEM-FIR SPRUCE-PINE-FIR (open grain) WESTERN WOODS 

D z z z z 
inches PENNY- lbs. lbs. lbs. lbs. 

WEIGHT x4.45for N 

0.113 6d 69 68 61 60 
0.131 8d 89 87 79 78 
0.148 10d 106 104 94 92 
0.148 12d 106 104 94 92 
0.162 16d 125 123 111 109 
0.192 20d 148 145 131 129 
0.207 30d 161 158 142 139 
0.225 40d 176 173 155 153 
0.244 SOd 181 177 160 157 
0.263 60d 205 201 180 177 
0.113 6d 64 63 56 56 
0.131 8d 84 83 74 73 
0.148 10d 101 99 89 88 
0.148 12d 101 99 89 88 
0.162 16d 120 118 106 104 
0.192 20d 144 141 127 124 
0.207 30d 157 154 138 136 
0.225 40d 172 169 152 149 
0.244 SOd 177 174 156 153 
0.263 60d 201 198 177 174 

G= 0.35 
NORTHERN 

SPECIES 

z 
lbs. 

58 
75 
90 
90 

106 
125 
136 
148 
152 
172 
54 
71 
85 
85 

101 
121 
132 
145 
149 
169 
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2 0.113 6d 6~ 61 55 54 52 

21h 0.131 8d 83 81 73 71 70 

3 0.148 10d !00 98 88 86 84 
16 gage 

31/4 0.148 12d !00 98 88 86 84 
t5=0.06" 

31/z 0.162 16d 119 116 !05 103 100 

4 0.192 20d 142 140 125 123 120 
4lh 0.207 30d !56 !53 !37 134 131 

2 0.113 6d 61 60 54 53 51 

21h 0.131 8d 82 80 72 71 69 
18 gage 

3 0.148 !Od 99 97 87 85 83 
15 =0.048" 

31/4 0.148 12d 99 97 87 85 83 

31h 0.162 16d 118 116 !04 102 99 

2 0.113 6d 61 59 53 52 51 
20 gage 

21h 0.131 8d 81 80 71 70 68 
15=0.036" 

3 0.148 10d 98 96 86 85 82 
1Tabulated lateral design values (Z) for nailed connections shall be multiplied by all applicable adjustment factors (see Table 23-III-A). 
2Tabulated lateral design values (Z) are for common wire nails inserted in side grain with nail axis perpendicular to wood fibers, and with the following nail bending yield 

strength (Fyb) 

Fyb = 100,000 psi (690 N/mm2) for 0.113-inch- (2.9 mm) and 0.131-inch-diameter (3.3 mm) common wire nails. 
Fyb = 90,000 psi (621 N/mm2) for 0.148-inch- (3.8 mm) and 0.162-inch-diameter (4.1 mm) common wire nails. 
Fyb = 80,000 psi (552 N/mm2) for 0.192-inch- (4.9 mm), 0.131-inch- (3.3 mm) and 0.225-inch-diameter (5.7 mm) common wire nails. 
Fyb = 70,000 psi (483 N/mm2) for 0.224-inch- (5.7 mm) and 0.263-inch-diameter (6.7 mm) common wire nails. 

3Tabulated lateral design values (Z) are based on a dowel-bearing strength <Fe) of 45,000 psi (31 0 N/mm2) for ASTM A 446, Grade A steel. 
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STEEL 
SIDE 

PLATE 

7 gage 
1,=0.179" 

10 gage 
15 =0.134" 

II gage 
15 =0.12" 

NAIL 
LENGTH 

L 
inches 

TABLE 23-111-NN-THREADED HARDENED-STEEL NAIL DESIGN VALUES (Z) FOR SINGLE SHEAR1·2,3 
(Two-member) CONNECTIONS WITH ASTM A 446, GRADE A STEEL SIDE PLATE 

WIRE G= 0.55 G= 0.50 

DIAMETER G= 0.67 MIXED MAPLE DOUGLAS FIR- G= 0.49 

D RED OAK SOUTHERN PINE LARCH DOUGLAS FIR-LARCH (N) 

inches PENNY- Zlbs. Zlbs. Zlbs. Zlbs. 

x25.4formm WEIGHT x 4.45 for N 

7 0.207 70d 271 23S 218 214 
8 0.207 80d 271 23S 218 214 
9 0.207 90d 271 23S 218 214 
2 0.120 6d 12S 109 101 99 

21h 0.120 8d 12S 109 101 99 
3 0.13S IOd IS4 133 124 122 

31/4 0.13S 12d IS4 133 124 122 
31h 0.148 16d 172 ISO 139 137 
4 0.177 20d 232 200 186 182 

41h 0.177 30d 232 200 186 182 
s 0.177 40d 232 200 186 182 

S1h 0.177 SOd 232 200 186 182 
6 0.177 60d 232 200 186 182 
7 0.207 70d 2S8 223 207 203 
8 0.207 80d 2S8 223 207 203 
9 0.207 90d 2S8 223 207 203 
2 0.120 6d 122 106 98 96 

21h 0.120 8d 122 106 98 96 
3 0.13S !Od ISO 130 121 119 

31/4 0.13S 12d ISO 130 121 119 
31h 0.148 16d 169 146 136 133 

4 0.177 20d 228 197 183 179 
41h 0.177 30d 228 197 183 179 
s 0.177 40d 228 197 183 179 

S1h 0.177 SOd 228 197 183 179 
(i 0.177 60d 228 197 183 179 

G= 0.46 
DOUGLAS FIR (S) 

HEM-FIR(N) 

Zlbs. 

20S 
20S 
20S 

9S 
9S 

116 
116 
131 
174 
174 
174 
174 
174 
194 
194 
194 
92 
92 

113 
113 
127 
171 
171 
171 
171 
171 
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2 0.120 6d 
21/z 0.120 8d 

3 0.13S !Od 
31/4 0.13S 12d 

12 gage 31/z 0.148 16d 
t5=0.IOS" 4 0.177 20d 

41/z 0.177 30d 
s 0.177 40d 

S1/z 0.177 SOd 
6 0.177 60d 
2 0.120 6d 

21/z 0.120 8d 
3 0.13S !Od 

31/4 0.13S 12d 
14 gage 31/z 0.148 16d 

t5 =0.07S" 4 0.177 20d 
41/z 0.177 30d 
s 0.177 40d 

S1/z 0.177 SOd 
6 0.177 60d 

2 0.120 6d 
21/z 0.120 8d 

3 0.13S 10d 
31/4 0.13S 12d 

16 gage 31/z 0.148 16d 
t5=0.06 4 0.177 20d 

41/z 0.177 30d 
s 0.177 40d 

S1/z 0.177 SOd 
6 0.177 60d 

118 102 9S 
118 102 9S 
147 127 118 
147 127 118 
166 143 133 
226 194 180 
226 194 180 
226 194 180 
226 194 180 
226 194 180 
114 98 91 
114 98 91 
143 123 114 
143 123 114 
161 139 128 
222 191 176 
222 191 176 
222 191 176 
222 191 176 
222 191 176 
112 97 89 
112 97 89 
142 122 113 
142 122 113 
160 137 127 
222 190 176 
222 190 176 
222 190 176 
222 190 176 
222 190 176 

(Continued) 

93 
93 

116 
116 
130 
177 
177 
177 
177 
177 
89 
89 

112 
112 
126 
173 
173 
173 
173 
173 
88 
88 

110 
110 
12S 
172 
172 
172 
172 
172 

89 
89 
Ill 
Ill 

124 
169 
169 
169 
169 
169 

8S 
8S 

106 
106 
120 
16S 
16S 
16S 
16S 
16S 
84 
84 

10S 
10S 
119 
164 
164 
164 
164 
164 
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STEEL 
SIDE 

PLATE 

18 gage 
15 =0.048" 

20 gage 
15 =0.036" 

NAIL 
LENG"fH 

L 
1n4:hes 

TABLE 23-111-NN-THREADED HARDENED-STEEL NAIL DESIGN VALUES (Z) FOR SINGLE SHEAR1·2•3 

(Two-member) CONNECTIONS WITH ASTM A 446, GRADE A STEEL SIDE PLATE--{Continued) 

WIRE G= 0.55 G= 0.50 

DIAMETER G:0.67 MIXED MAPLE DOUGLAS FIR- G: 0.49 

D RED OAK SOUTHERN PINE LARCH DOUGLAS FIR-LARCH (N) 

inches PENNY- Zlbs. Zlbs. Zlbs. Zlbs. 

x25.4formm WEIGHT x 4.451or N 

2 0.120 6d 112 96 89 87 
2lh 0.120 8d 112 96 89 87 

3 0.135 10d 142 121 112 110 

31/4 0.135 12d 142 121 112 110 

31h 0.148 16d 160 137 127 124 

2 0.120 6d 112 96 88 87 

21h 0.120 8d 112 96 88 87 
3 0.135 lOd 142 121 112 110 

1Tabulated lateral design values (Z) for nailed connections shall be multiplied by all applicable adjustment factors (see Table 23-III-A). 

G= 0.46 
DOUGLAS FIR (S) 

HEM-FIR(N) 

Zlbs. 

83 

83 
105 
105 

118 

83 

83 
105 

2Tabulated lateral design values (Z) are for threaded hardened-steel nails inserted in side grain with nail axis perpendicular to wood fibers, and with the following nail bending 
yield strength (Fyb): 
Fyb = 130,000 psi (897 N/mm2) for 0.120-inch- (3.0 mm) and 0.135-inch-diameter (3.4 mm) threaded hardened-steel nails. 
Fyb = 115,000 psi (793 N/mm2) for 0.148-inch- (3.8 mm) and 0.177-inch (4.5 mm) threaded hardened-steel nails. 
Fyb = 100,000 psi (690 N/mm2) for 0.207-inch-diameter (5.3 mm) threaded hardened-steel nails. 

3Tabulated lateral design values (Z) are based on a dowel-bearing strength (F,) of 45,000 psi (31 0 N/mm2) for ASTM A 446, Grade A steel. 

(Table continues) 
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NAIL WIRE 
STEEL LENtiTH DIAMETER 
SIDE L D 

PLATE 1nc11es Inches PENNY-
x25.4formm WEIGHT 

7 0.207 70d 
7 gage 8 0.207 80d t5 =0.179" 

9 0.207 90d 
2 0.120 6d 

21h 0.120 8d 
3 0.135 10d 

31/4 0.135 12d 
31h 0.148 16d 
4 0.177 20d 

10 gage 41h 0.177 30d 
t5 =0.134" 

5 0.177 40d 
51h 0.177 50d 
6 0.177 60d 
7 0.207 70d 
8 0.207 80d 
9 0.207 90d 
2 0.120 6d 

2!h 0.120 8d 
3 0.135 IOd 

31/4 0.135 12d 
II gage 31/z 0.148 16d 
t5 =0.!2" 4 0.177 20d 

41/z 0.177 30d 
5 0.177 40d 

51h 0.177 50d 
6 0.177 60d 

G= 0.37 
G:0.43 G:0.42 REDWOOD 
HEM-FIR SPRUCE-PINE-FIR (open grain) 

Zlbs. Zlbs. Zlbs. 

x4.45 lorN 

194 190 172 
194 190 172 
194 190 172 
90 88 80 
90 88 80 

110 108 98 
110 108 98 
123 121 109 
165 161 146 
165 161 146 
165 161 146 
165 161 146 
165 161 146 
183 179 162 
183 179 162 
183 179 162 
87 85 77 
87 85 77 

107 105 95 
107 105 95 
120 118 107 
162 159 143 
162 159 143 
162 159 143 
162 159 143 
162 159 143 

(Continued) 

G: 0.36 
EASTERN SOFTWOODS 

SPRUCE·PINE-FIR (S) 
WESTERN CEDARS 
WESTERN WOODS 

Zlbs. 

169 
169 
169 
78 
78 
96 
96 

107 
143 
143 
143 
143 
143 
159 
159 
159 
76 
76 
93 
93 

105 
140 
140 
140 
140 
140 

G:0.35 
NORTHERN 

SPECIES 

Zlbs. 

164 
164 
164 
76 
76 
93 
93 

105 
139 
139 
139 
139 
139 
155 
155 
155 
74 
74 
91 
91 

102 
137 
137 
137 
137 
137 
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STEEL 
SIDE 

PLATE 

12 gage 
ts=0.105" 

14 gage 
ts=0.075" 

NAIL 
LENGTH 

L 
Inches 

TABLE 23-111-NN-THREADED HARDENED-STEEL NAIL DESIGN VALUES (Z) FOR SINGLE SHEAR1,2,3 
(Two-member) CONNECTIONS WITH ASTM A 446 GRADE A STEEL SIDE PLATE--(Continued) 

' G:0.36 
EASTERN SOFTWOODS 

WIRE G:0.37 SPRUCE-PINE-FIR (S) 

DIAMETER G:0.43 G: 0.42 REDWOOD WESTERN CEDARS 

D HEM-AR SPRUCE-PINE-FIR (open grain) WESTERN WOODS 

inches PENNY- Zlbs. Zlbs. Zlbs. Zlbs. 

x25.4formm WEIGHT x4.45 for N 

2 0.120 6d 84 83 75 73 
21h 0.120 8d 84 83 75 73 

3 0.135 !Od 104 102 92 91 
31/4 0.135 12d 104 102 92 91 
31/z 0.148 16d 117 115 104 102 
4 0.177 20d !59 156 140 138 

41/z 0.177 30d !59 !56 140 138 
5 0.177 40d !59 156 140 138 

51h 0.177 SOd !59 156 140 138 
6 0.177 60d !59 !56 140 138 

2 0.120 6d 80 79 71 70 
21/z 0.120 8d 80 79 71 70 
3 0.135 !Od 100 98 89 87 

31/4 0.135 !2d 100 98 89 87 
31h 0.148 16d 113 Ill 100 98 
4 0.177 20d !55 !52 137 134 

41/z 0.177 30d !55 !52 137 134 
5 0.177 40d !55 !52 137 134 

51h 0.177 SOd !55 !52 137 134 
6 0.177 60d !55 !52 137 134 

G:0.35 
NORTHERN 

SPECIES 

Zlbs. 

71 
71 
88 
88 
99 

134 
134 
134 
134 
134 
68 
68 
85 
85 
95 

131 
131 
131 
131 
131 

N 
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2 0.120 6d 79 77 69 68 66 

21h 0.120 8d 79 77 69 68 66 

3 0.135 !Od 99 97 87 86 83 

31/4 0.135 12d 99 97 87 86 83 

16 gage 31h 0.148 16d 112 110 98 97 94 
15 =0.06" 4 0.177 20d 154 !51 136 133 130 

4 1h 0.177 30d !54 !51 136 133 130 

5 0.177 40d 154 !51 136 133 130 

5 1h 0.177 50d !54 !51 136 133 130 

6 0.177 60d !54 151 136 133 130 

2 0.120 6d 78 76 69 67 66 

21h 0.120 8d 78 76 69 67 66 
18 gage 

3 0.135 !Od 98 97 87 85 83 
15 =0.048" 

31/4 0.135 12d 98 97 87 85 83 

31h 0.148 16d Ill 109 98 96 93 

2 0.120 6d 78 76 68 67 65 
20 gage 

2 1h 0.120 8d 78 76 68 67 65 
15 =0.036" 

3 0.135 10d 98 96 86 85 82 
1Tabulated lateral des1gn values (Z) for na1led connections shall be multiplied by all applicable adJUStment factors (see Table 23-III-A). 
2Tabulated lateral design values (Z) are for threaded hardened-steel nails inserted in side grain with nail axis perpendicular to wood fibers, and with the following nail bending 

yield strength (Fyb): 

Fyb = 130,000 psi (897 N/mm2) for 0.120-inch- (3.0 mm) and 0.135-inch-diameter (3.4 mm) threaded hardened-steel nails. 
Fyb = 115,000 psi (793 N/mm2) for 0.148-inch- (3.8 mm) and 0.177-inch (4.5 mm) threaded hardened-steel nails. 
Fyb = 100,000 psi (690 N/mm2) for 0.207-inch-diameter (5.3 mm) threaded hardened-steel nails. 

3Tabulated lateral design values (Z) are based on a dowel-bearing strength (F,) of 45,000 psi (310 N/mm2) for ASTM A 446, Grade A steel. 
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SPIKE 
STEEL LENGTH 
SIDE L 

PLATE I,Ches 
x25.4formm 

41h 
s 

3 gage Sl!z 
15 =0.239" 6 

7 
81/z 

3 
31/4 
31/z 
4 

7 gage 41/z 
t5 =0.179" s 

Sl!z 
6 
7 

81/z 

3 
31/4 
31/z 
4 

10 gage 41/z 
15 =0.134" 5 

Sl!z 
6 
7 

8\/z 

TABLE 23-111-0Q-COMMON WIRE SPIKE DESIGN VALUES (Z) FOR SINGLE SHEAR1•2·3 
(Two-member) CONNECTIONS WTH ASTM A 446, GRADE A STEEL SIDE PLATE 

SPIKE G: 0.55 G: 0.50 

DIAMETER G:0.67 MIXED MAPLE DOUGLAS FIR- G:0.49 

D RED OAK SOUTHERN PINE LARCH DOUGLAS FIR-LARCH (N) 
Inches PENNY- Zlbs. Zlbs. Zlbs. Zlbs. 

WEIGHT x 4.45 for N 
0.244 30d 301 263 245 241 
0.263 40d 334 291 271 266 
0.283 SOd 359 312 291 286 
0.283 60d 3S9 312 291 286 
0.312 5h6 423 367 342 336 
0.37S 3/s S23 4S4 423 41S 

0.192 10d 233 203 189 18S 
0.192 12d 233 203 189 18S 
0.207 16d 249 217 202 198 
0.22S 20d 269 234 217 213 
0.244 30d 276 240 223 219 
0.263 40d 309 268 249 24S 
0.283 SOd 332 288 267 262 
0.283 60d 332 288 267 262 
0.312 5h6 396 343 318 313 
0.37S 3/g 492 426 39S 388 
0.192 10d 217 188 174 171 
0.192 12d 217 188 174 171 
0.207 16d 234 203 188 18S 
0.22S 20d 256 221 205 201 
0.244 30d 262 227 210 206 
0.263 40d 296 2S6 237 233 
0.283 SOd 318 274 2S4 2SO 
0.283 60d 318 274 2S4 2SO 
0.312 5116 383 330 306 300 
0.37S 3/g 478 411 381 374 

G: 0.46 
DOUGLAS FIR (S) 

HEM-FIR(N) 
Zlbs. 

230 
25S 
273 
273 
321 
397 
177 
177 
189 
204 
209 
234 
251 
2S1 
299 
371 
164 
164 
176 
192 
197 
222 
238 
238 
287 
3S7 
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3 0.192 10d 213 184 

31/4 0.192 12d 213 184 
31/z 0.207 16d 231 199 
4 0.22S 20d 2S2 218 

II gage 41/z 0.244 30d 2S9 224 
t5 =0.12" s 0.263 40d 294 2S3 

S1h 0.283 SOd 31S 271 
6 0.283 60d 31S 271 
7 0.312 5h6 380 327 

81/z 0.37S 3/s 47S 408 

3 0.192 IOd 209 181 
31/4 0.192 12d 209 181 
31/z 0.207 16d 228 196 
4 0.22S 20d 2SO 21S 

12 gage 41/z 0.244 30d 2S7 221 
t5 =0.10S" s 0.263 40d 291 2SI 

S1h 0.283 SOd 312 269 
6 0.283 60d 312 269 
7 0.312 5h6 378 32S 

81/z 0.37S 3/g 473 406 

3 0.192 IOd 20S 176 
31/4 0.192 12d 20S 176 
31/z 0.207 16d 224 192 
4 0.22S 20d 247 212 

14 gage 41/z 0.244 30d 2S4 218 
t5 =0.07S" s 0.263 40d 289 248 

S1/z 0.283 SOd 310 266 
6 0.283 60d 310 266 
7 0.312 5h6 377 323 

81/z 0.37S 3/g 472 404 

3 0.192 IOd 204 17S 
16 gage 

31/4 0.192 12d 204 17S 
t5 =0.06" 

31/z 0.207 16d 224 191 

((nntinudl 

171 168 
171 168 
18S 181 
202 198 
207 204 
234 230 
2SI 247 
2SI 247 
303 297 
378 371 
168 164 
168 164 
182 178 
199 196 
20S 201 
232 228 
249 244 
249 244 
301 29S 
376 368 
163 160 
163 160 
178 174 
196 192 
202 198 
229 22S 
246 241 
246 241 
298 292 
373 366 
162 IS9 
162 IS9 
177 174 

160 
160 
173 
189 
194 
220 
23S 
23S 
284 
3S4 
IS7 
IS7 
170 
187 
192 
217 
233 
233 
281 
3SI 
IS3 
IS3 
166 
183 
188 
214 
230 
230 
279 
348 
lSI 
ISJ 
16S 
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SPIKE 
STEEL LENGTH 
SIDE L 

PLATE inches 

x 25.41or m111 

41h 
s 

3 gage S1h 
15 =0.239" 6 

7 
81h 

3 
31

/4 

31h 
4 

7 gage 41h 
15 =0.179" 5 

S1h 
6 
7 

81/2 

TABLE 23-111-00-COMMON WIRE SPIKE DESIGN VALUES (Z) FOR SINGLE SHEAR1,2,3 
(Two-member) CONNECTIONS WTH ASTM A 446, GRADE A STEEL SIDE PLATE-{ Continued) 

G:0.36 
EASTERN SOFTWOODS 

SPIKE G:0.37 SPRUCE·PINE-FIR(S) 

DIAMETER G: 0.43 G= 0.42 REDWOOD WESTERN CEDARS 

D HEM-FIR SPRUCE-PINE-FIR (open grain) WESTERN WOODS 

inches PENNY· Zlbs. Zlbs. Zlbs. Zlbs. 

WEIGHT x 4.45 lorN 

0.244 30d 218 214 194 191 
0.263 40d 241 237 214 211 
0.283 SOd 2S9 2S4 230 226 
0.283 60d 259 254 230 226 
0.312 5h6 304 298 270 26S 
0.37S 3/g 37S 368 333 328 
0.192 10d 168 165 149 146 
0.192 12d 168 16S 149 146 
0.207 16d 179 176 IS9 IS6 
0.22S 20d 193 189 171 168 
0.244 30d 198 194 17S 172 
0.263 40d 221 217 196 192 
0.283 SOd 237 233 210 206 
0.283 60d 237 233 210 206 
0.312 5h6 282 277 2SO 24S 
0.375 3/s 3SO 344 310 30S 

G:0.35 
NORTHERN 

SPECIES 

Zlbs. 

186 
20S 
220 
220 
258 
319 
143 
143 
1S2 
164 
168 
187 
201 
201 
239 
296 
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3 0.192 10d 155 
3 1/4 0.192 12d 155 
3112 0.207 16d 167 
4 0.225 20d 181 

10 gage 41h 0.244 30d 186 
t5 =0.134" 5 0.263 40d 210 

51h 0.283 SOd 225 
6 0.283 60d 22S 
7 0.312 5h6 270 

8]h 0.37S 3fs 337 
3 0.192 10d 151 

31/4 0.192 12d 151 
31h 0.207 16d 163 
4 0.225 20d 178 

11 gage 41h 0.244 30d 183 
t5 =0.12" s 0.263 40d 207 

51h 0.283 SOd 222 
6 0.283 60d 222 
7 0.312 5h6 267 

81h 0.375 3/g 334 
3 0.192 10d 148 

31/4 0.192 12d 148 
31h 0.207 16d 161 
4 0.22S 20d 176 

12 gage 41h 0.244 30d 181 
t5=0.!0S" 5 0.263 40d 205 

S1h 0.283 SOd 219 
6 0.283 60d 219 
7 0.312 5h6 26S 

81h 0.375 3/g 331 

152 137 
152 137 
163 147 
178 160 
183 165 
206 185 
221 199 
221 199 
265 239 
330 297 
148 134 
148 134 
160 14S 
175 158 
180 162 
203 183 
218 196 
218 196 
262 236 
327 294 
14S 131 
145 131 
158 142 
173 1SS 
177 160 
201 180 
21S 193 
21S 193 
260 234 
324 291 

(Continued) 

135 
135 
145 
158 
162 
182 
195 
19S 
234 
292 
132 
132 
142 
155 
159 
180 
193 
193 
232 
289 
129 
129 
139 
1S3 
157 
177 
190 
190 
229 
286 

131 
131 
141 
153 
157 
177 
190 
190 
228 
284 
128 
128 
138 
1S1 
1SS 
17S 
187 
187 
22S 
281 
125 
12S 
136 
148 
1S2 
172 
18S 
185 
223 
279 
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~ ... 
0 
CD 
<» 

sf'IKE 
STEEL LeNGTH 
SIDE L 

PLATE Inches 

x 25.4formm 

3 

31/4 
31h 

4 

14 gage 41/z 
t5=0.075" 5 

5 1/z 
6 
7 

81/z 

3 
16 gage 

3 1/4 t5=0.06" 
31/z 

TABLE 23-111-00-COMMON WIRE SPIKE DESIGN VALUES (Z) FOR SINGLE SHEAR1,2,3 
(Two-member) CONNECTIONS WTH ASTM A 446, GRADE A STEEL SIDE PLATE-(Continued) 

G: 0.36 
EASTERN SOFTWOODS 

G: 0.37 SPRUCE-PINE-FIR(S) 

SPIKE G: 0.43 G: 0.42 REDWOOD WESTERN CEDARS 

DIAMETER HEM-FIR SPRUCE-PINE-FIR (open grain) WESTERN WOODS 

D z z z z 
inches PENNY- lbs. lbs. lbs. lbs. 

WEIGHT x 4.45 for N 

0.192 !Od 144 141 127 124 

0.192 12d 144 141 127 124 

0.207 !6d !57 !54 138 136 
0.225 20d 172 !69 !52 149 

0.244 30d 177 174 !56 !53 
0.263 40d 201 198 177 174 
0.283 SOd 216 212 190 187 
0.283 60d 216 212 190 187 
0.312 5h6 262 257 230 226 
0.375 3Js 328 321 288 283 

0.192 !Od 142 140 125 123 
0.192 12d 142 140 125 123 
0.207 16d !56 !53 137 134 

1Tabulated lateral design values (Z) for spike connectiOns shall be multiplied by all applicable adjustment factors (see Table 23-III-A). 

G = 0.35 
NORTHERN 

SPECIES 

z 
lbs. 

121 
121 

132 
145 

149 
169 

182 
182 
220 

275 

120 
120 
131 

2Tabulated lateral design values (Z) are for common wire spikes inserted in side grain with spike axis perpendicular to wood fibers, and with the following spike bending 
yield strength (Fyb): 

Fyb = 80,000 psi (552 N/mm2) for 0.192-inch- (4.9 mm), 0.207-inch- (5.3 mm) and 0.225-inch-diameter (5.7 mm) common wire spikes. 
Fyb = 70,000 psi (483 N/mm2) for 0.224-inch (5.7 mm) and 0.263-inch (6.7 mm) common wire spikes. 
Fyb = 60,000 psi (414 N/mm2) for 0.283-inch- (7.2 mm) and 5h6·inch-diameter (7.9 mm) common wire spikes. 
Fyb = 45,000 psi (310 N/mm2)for 3/s-inch-diameter (9.5 mm) common wire spikes. 

3Tabulated lateral design values (Z) are based on a dowel-bearing strength CFe) of 45,000 psi (310 N/mm2) for ASTM A 446, Grade A steel. 
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1994 UNIFORM BUILDING CODE 23-111-PP-23-111-QQ 

TABLE 23-111-PP 

PERCENTAGE OF ALLOWABLE 
ROOF SLOPE CONNECTOR VALUE TO BE USED 

Less than 3 in 12 (25 %) 85 percent 
3 in 12 (25 %), less than 4 in 12 (33.3 %) 80 percent 
4 in 12 (33.3 %), less than 5 in 12 (41.7 %) 75 percent 
5 in 12 (41.7 %), to include 51/2 in 12 (45.8 %) 70 percent 
Greater than 51h in 12 (45.8 %) 65 percent 

TABLE 23-111-QQ-GROUPING OF SPECIES FOR DETERMINING ALLOWABLE LOADS FOR 
LAG SCREWS, NAILS, SPIKES, WOOD SCREWS, DRIFT BOLTS 

GROUP 

II 

III 

SPECIES OF WOOD SPECIFIC (G)1 

Ash, commercial white ..................................... . 
Mixed hardwoods .......................................... . 
Mixed oak ............................................... . 
Northern red oak .......................................... . 
Red oak ................................................. . 
Whiteoak ................................................ . 

Douglas fir-larch2 .......................................... . 
Mixed maple ............................................. . 
Red maple ............................................... . 
Southern pine ............................................. . 
Sweetgum and tupelo ....................................... . 
Virginia pine-pond pine ..................................... . 

0.62 
0.71 
0.71 
0.68 
0.68 
0.74 

0.51 
0.59 
0.57 
0.55 
0.54 
0.54 

California redwood (close grain) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.42 
Douglas fir, south . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.48 
Eastern hemlock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.43 
Eastern hemlock-tamarack2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.45 
Eastern softwoods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.42 
Eastern spruce . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.43 
Engelmann spruce-lodgepole pine (MSR)3 . . . . . . . . . . . . . . . . . . . . . . . 0.46 
Hem-fir2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.42 
Lodgepole pine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.44 
Mountain hemlock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.47 
Mountain hemlock-hem-fir .................................. . 0.44 
Northern aspen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.42 
Northern pine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.46 
Ponderosa pine3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.49 
Ponderosa pine-sugar pine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.42 
Red pine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.42 
Sitka spruce . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.43 
Southern cypress . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.48 
Spruce-pine-fir . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.42 

Western hemlock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.48 
Yellow poplar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.46 

(Continued) 
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23·111-QQ-23·111-RR 1994 UNIFORM BUILDING CODE 

TABLE 23·111-QQ-GROUPING OF SPECIES FOR DETERMINING ALLOWABLE LOADS FOR 
LAG SCREWS, NAILS, SPIKES, WOOD SCREWS, DRIFT BOLT5-(Contlnued) 

GROUP SPECIES OF WOOD 

Aspen ................................................... . 
Balsam fir ................................................ . 
Black cottonwood ......................................... . 
California redwood (open grain) .............................. . 
Coast sitka spruce .......................................... . 
Coast species ............................................. . 
Cottonwood, eastern ........................................ . 
Eastern white pine2 ........................................ . 

IV Eastern woods ............................................ . 
Engelmann spruce-alpine fir ................................. . 
Idaho white pine ........................................... . 
Northern species ........................................... . 
Northern white cedar ....................................... . 
West coast woods (mixed species) ............................. . 
Western cedars2 ........................................... . 
Western white pine ......................................... . 
White woods (western woods) ................................ . 

1 Based on weight and volume when oven dry. 
2Also applies when species name includes the designation "North." 
3 Applies to grades of l650Fb - 1.5£ and higher machine-stress-rated (MSR) lumber. 

SPECIFIC (G)1 

0.40 
0.38 
0.33 
0.37 
0.39 
0.39 
0.41 
0.38 
0.38 
0.36 
0.40 

0.35 
0.31 
0.35 
0.35 
0.40 
0.35 

TABLE 23·111-RR-MANUFACTURING TOLERANCE FOR FINISHED TRUSS UNITS 
PART I 

Pltched1 Truss Units 

Length2 of Finished Variance from Design Helght3 of Finished Variance from Design 
Truss Unit Dimensions Truss Unit Dimensions 

x 304.8 for mm x 25.4formm x 304.8 for mm x25.4formm 

Up to 30 feet 1/4 inch Up to 5 feet 1/s inch 
30 to 50 feet 3/s inch 5 to 12 feet 1/4 inch 
Over 50 feet 1h inch Over 12 feet 3/g inch 

I 

PART II 

Parallel Chord4 Truss Units 

Up to 30 feet 1/4 inch Up to 24 inches 1/s inch 

I Over 30 feet 3/s inch 24 to 60 inches 1/4 inch 
Over 60 inches 3/g inch 

1 Pitched trusses are defined as having differences in slopes between top and bottom chords greater than I: 12. 
2Length, for fabrication tolerance purposes, is the overall length of the truss unit, excluding overhangs or extensions. 
3Height, for fabrication tolerance purposes, is the overall height of the truss unit measured from the top ofthe top chord 

to the bottom of the bottom chord at the highest point of the truss, excluding projections above the top chord and 
below the bottom chord, overhangs and extensions. 

4Parallel chord trusses are defined as having differences in slopes between top and bottom chords less than or equal 
to 1:12. 
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1994 UNIFORM BUILDING CODE 23·111-SS-23·111· TT 

TABLE 23-111-55-FORMULAS FOR DETERMINING F 'c 1 • 2, 3 

L'/dRATIO VISUALLY GRADED LUMBER MACHINE-STRES5-RATED LUMBER 

ll<L'Id<K F'c=F'c F'c =F'c 

ll<L'Id<K , 1 L'/d [ '] F c = F, I - 3 ( K) F, . F, [ 1 _ t (Lid)'] 

where K = 0.671 j'f; where K = 0.792 j'f; 

L'ld>K 

~- - __ L.._ ___ 

1See Table 23-JII-TT for L'. 
2See U.B,C. Section 2307. 

F' = 0.30£ 
c (L' jd)2 

-- - -

F' = 0.418£ 
c (L' jd)2 

~- -- - _, -···--- ~-------

3Duration ofload adjustment factors apply only to Fe. Values of Fe and E may be subject to other appropriate modifica­
tion for conditions of use or types oftreatment. Calculated values, F 'c, are not subject to further adjustment for these 
conditions. 

TABLE 23·111-TT-EFFECTIVE LENGTH IN BUCKLING 

POSSIBLE CRITICAL L'ld 

Member Effective Dimension (d) Effective Buckling Length (L') 

1 or 2 panels l.OOL 
h 

Chords 3 or more panels 0.55L 

h 
Lp for top chord 1 

Lp for bottom chord 1 

Webs h --·- ~·-0.8 Lw - -

iWhere sheathing or ceiling material is nailed directly to a compression chord, lateral support of the axis may be 
assumed to be continuous and L'!d = Lp!b may be neglected. 
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! TABLE 23-111-UU-TYPICAL DIMENSIONS FOR STANDARD LAG SCREWS 
~ 

8 D-Unthreaded shank diameter. 
0,-Root diameter of threaded portion. 
W-Width of head across flats. 
H-Height of head. 

NOMINAL 
LENGTH, 
L(inches) 

x25.4formm 1f4" 

Dr 0.173 
E 5hz 
H ll/64 
w 7116 
N 10 

s 1/4 
I T 3/4 

T-E 19hz 

s 1/4 
11/z T 11/4 

T-E 13hz 
s 1!z 

2 T 11/z 
T-E lllhz 

s 3/4 
21/z T 13/4 

T-E 119hz 

s I 
3 T 2 

T-E 127132 
s 11/z 

4 T 21/z 
T-E 2llhz 

s 2 
5 T 3 

T-E 227hz 

s,1s" 

0.227 
3116 
7132 
1/z 
9 
1/4 
% 
9116 
1/4 
11/4 

11116 

1!z 
11/z 

15116 

3/4 
13/4 

19116 

I 
2 

113116 

11/z 
21/z 

25116 

2 
3 

213116 

I~ ; ---~ 
I--s -----L-T. E--•te ~ 

$--Unthreaded shank length. 
T-Thread length 1. 

E-Length of tapered tip. 
N--Number of threads per inch (25 mm). 

UNTHREADED SHANK DIAMETER, 0 (inches) 

x25.4formm 

3ta" 7t1s" 1t2" Sta" 314" 7ta" 1" 11ta" 

0.265 0.328 0.371 0.471 0.579 0.683 0.780 0.887 
7hz 9hz 5116 13hz 1!z 19hz llll6 25hz 
1/4 19/64 llhz 27/64 1!z 37/64 43/64 3/4 

9116 5/g 3/4 15116 11/g 15116 11/z lllll6 
7 7 6 5 41/z 4 31/z 31/4 
1/4 1/4 1/4 
3/4 3/4 % 

17hz 15hz 7116 
1/4 1/4 1/4 

11/4 11/4 11/4 

11hz 31hz 15/16 

1!z 1/z 1!z 1!z 
11/z 11/z 11/z 11/z 

19hz 17hz 13116 13hz 
3/4 3/4 3/4 3/4 
13/4 13/4 13/4 13/4 

117hz 115hz 17116 lllhz 

I I I I I I I 
2 2 2 2 2 2 2 

125/32 123hz lllll6 119hz 11/z 113hz 15116 
11/z 11/z 11/z 11/z 11/z 11/z 11/z 11/z 
21/z 21/z 21/z 21/z 21/z 21/z 21/z 21/z 

29132 27hz 23116 23hz 2 129hz 113116 123/32 

2 2 2 2 2 2 2 2 
3 3 3 3 3 3 3 3 

225hz 223hz 2llll6 219hz 21/z 213hz 25116 27hz 

11/4" 

1.012 
7/g 

27hz 
17 /g 

31/4 

11/z 
21/z 
15/g 

2 
3 

21/g 

""" ! 
c z 
;; 
0 
:11 

== Ill 
c 
j= 
c z 
" 0 
0 
c 
m 



f .... .... 
0 .... 

s 21/z 21/z 21/z 21/z 21/z 21/z 21/z 21/z 21/z 21/z 21/z 
6 T 31h 31h 31h 31/z 31/z 31h 31/z 31/z 31/z 31h 31h 

T-E 311132 35{]6 39132 37132 33{]6 33132 3 229132 213h6 223132 25/g 

s 3 3 3 3 3 3 3 3 3 3 3 
7 T 4 4 4 4 4 4 4 4 4 4 4 

T-E 327132 313h6 325132 323hz ]IIIJ6 31%2 31/z ]13/32 35h6 37hz 31/s 
s 31/z 31/z 31/z 31/z 31/z 31/z 31/z 31/z 31/z 31/z 31/z 

8 T 41/z 41/z 41/z 41/z 41/z 41/z 41/z 41/z 41/z 41/z 41/z 
T-E 4 11hz 451J6 49132 47132 431J6 43132 4 329132 3131J6 323132 35/g 

s 4 4 4 4 4 4 4 4 4 4 4 
9 T 5 5 5 5 5 5 5 5 5 5 5 

T-E 427132 413{]6 425132 423132 4 11h6 41%2 41/z 413132 45h6 47h2 41/g 

s 41/z 41/z 41/z 41/z 41/z 41/z 41/z 41/z 41/z 41/z 41/z 
10 T 51/z 51/z 51/z 51/z 51/z 51/z 51/z Sl!z Sl!z SI!z Sl!z 

T-E siii3z 55h6 59hz 57/32 531J6 53132 5 429132 4 131J6 423132 45/g 

s 5 5 5 5 5 5 5 5 5 5 5 
11 T 6 6 6 6 6 6 6 6 6 6 6 

T-E 52713z 513h6 S25h2 sz313z siifJ6 si913z Sl!z 513hz 55h6 S7h2 51/g 

s 6 6 6 6 6 6 6 6 6 6 6 
12 T 6 6 6 6 6 6 6 6 6 6 6 

T-E 527132 si31J6 s25132 S23h2 siifJ6 519hz 51/z S13h2 55h6 57132 51/g 
1Thread length (D for intermediate nominal lag screw lengths (L) is 6 inches (152 mm), or one half the nommallag screw length plus 0.5 inch (13 mm), wh1chever is less. 

.... 
CD 

~ 
c: z 
~ 
:II 
i: 
tD 
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0 z 
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0 
0 
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TABLE 23·111-VV-TYPICAL DIMENSIONS FOR SPLIT RING AND SHEAR PLATE CONNECTORS 

x 25.4 formm 

SPLIT RINGS 21h" 

Split ring 
Inside diameter at center when closed 2.500" 
Thickness of metal at center 0.163" 
Depth of metal (width of ring) 0.750" 

Groove 
Inside diameter 2.56" 
Width 0.18" 
Depth 0.375" 

Bolt hole diameter in timber members 9h6" 

Washers, standard 
Round, cast or malleable iron, diameter 21/s" 
Round, wrought iron (minimum) 

Diameter 13/g" 
Thickness 3132" 

Square plate 
Length of side 2" 
Thickness 1/s" 

x 645 formm2 

Projected area: portion of one split ring within member 1.10 in.2 

4" 

4.000" 
0.193" 
1.000" 

4.08" 
0.21" 
0.50" 

13h6" 

3" 

2" 
5132" 

3" 
3hl' 

2.24 in.2 
..... 

I 
c z 
~ 
::u 
31: 
m c 
i= c z 
C) 

0 
0 c m 



'i" ... ... 
8 

x 25.4 formm 

SHEAR PLATES 2s/s" 2%" 4" 

Shear plate Pressed Light Malleable 
Material steel gage iron 
Plate diameter 2.62" 2.62" 4.03" 
Bolt hole diameter 0.81" 0.81" 0.81" 
Plate thickness 0.172" 0.12" 0.20" 
Plate depth 0.42" 0.35" 0.62" 

Bolt hole diameter in timber members and metal side plates1 131J6'' 131J6'' 131J6'' 

Washers, standard 
Round, cast or malleable iron, diameter 3" 3" 3" 
Round, wrought iron (minimum) 

Diameter 2" 2" 2" 
Thickness 5132" 5132" 5132" 

Square plate 
Length of side 3" 3" 3" 
Thickness 1/4" 1/4" 1/4'' 

x645 formm2 

Projected area: portion of one shear plate within member 1.18 in.2 1.00 in.2 2.58 in.2 

1Steel straps or shapes used as metal s1de plates shall be designed in accordance with accepted metal practices (see Section 2335.4.3). 

4" 

Malleable 
iron 

4.03" 
0.94" 
0.20" 
0.62" 

15/16" 

3lh" 

21/4" 
11/64" 

3" 
1/4" 

2.58 in.2 
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--0 0 0 0 
8\ 

--() 0 0 

,--~--o 0 0 0-
8 L -- -o I o o 

b a< b/. 

Consider as 2 row' of X fastener-; 

8
[--o o o 
~- --o 0 0 

4 -- 0 0 

a< b/. 
Consider as I row of 8 fasteners and I row ol4 fa,tener' 

Overall width of 
fastener group ~j 

3 5~ 
b 11~ 

0 

Consider as I row of 5 fasteners and I row ol 3 fastener' 

FIGURE 23-111-2-GROUP ACTION FOR STAGGERED FASTENERS 

23-111-2 

2-1105 



23-111-3-23-111-4 1994 UNIFORM BUILDING CODE 

D 

~f<-... 
~~tJI I = [ltm=[m I I 

FIGURE 23-111-3-SINGLE SHEAR BOLTED CONNECTION 

Shear Area 

f~_ 
Parallel member connection 

f[--s 

][ ~ 
Angled member connection 

FIGURE 23-111-4-SHEAR AREA FOR BOLTED CONNECTIONS 

2-1106 
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1994 UNIFORM BUILDING CODE 23-111-5-23-111-6 

fs+ fs= [s 

FIGURE 23-111-5-DOUBLE SHEAR BOLTED CONNECTION 

FIGURE 23-111-6-MULTIPLE SHEAR BOLTED CONNECTION 

2-1107 



23-111-7 

<!:] 

2-1108 

1 

~ 

~ 

Edge dis~ 

~ 
Spacing~ 

rows of bolls 

~ 

Spacing belw_, 
bolls in a row 

1994 UNIFORM BUILDING CODE 

Parallel to grain loading 

f]_SJ a-fl -

i) 
Perpendicular to grain loading 

FIGURE 23-111-7-BOLTED CONNECTION GEOMETRY 



1994 UNIFORM BUILDING CODE 23-111-8-23-111-1 0 

outer rows 
ot bolts<; 5" (127 mm) (:J 

0 0 Spacing between 0 

0 0 0-

D 
(:J 0 o 0-~ Spacing between 

outer rows 
o o o - ot bolts s 5" (127 mm) 

FIGURE 23-111-8-SPACING BETWEEN OUTER ROWS OF BOLTS 

~--] 
a 

FIGURE 23-111-9-COMBINED LATERAL AND WITHDRAWAL LOADING 

0 
FIGURE 23-111-10--SPLIT RING CONNECTOR 
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2-1110 

'D 

®® 
~~) 
~~ 

FIGURE 23-111-11-PRESSED STEEL SHEAR PLATE CONNECTOR 

~0 
Courtesy of TECO!Lumberlok 

FIGURE 23-111-12-MALLEABLE IRON SHEAR PLATE CONNECTOR 

FIGURE 23-111-13-AXIS OF CUT FOR SYMMETRICAL SLOPING END CUT 
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Sloping surface/---

Imaginary plane 
normal to sloping surface 

Axis 
of cu: 

\ 

23-111-14-23-111-16 

FIGURE 23-111-14-AXIS OF CUT FOR ASYMMETRICAL SLOPING END CUT 

FIGURE 23-111-15-SQUARE END CUT 

Axis of cut 

FIGURE 23-111-16-SLOPING END CUT WITH LOAD PARALLEL TO AXIS OF CUT (<1> = 0°) 

2-1111 



23-111-17-23-111-18 

\ Axis of cut 

\ 

\ 

'· 

1994 UNIFORM BUILDING CODE 

Oa 

FIGURE 23-111-17-SLOPING END CUT WITH LOAD PERPENDICULAR TO AXIS OF CUT($= 90°) 

\Axis of cut 

\ 
\ 

FIGURE 23-111-18--SLOPING END CUT WITH LOAD AT AN ANGLE$ TO AXIS OF CUT 

2-1112 
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I 

s n s ,-
~ ,c 

/ ' 

A = end distance 
B = unloaded edge distance 
C = loaded edge distance 
S =spacing 

23-111-19-23-111-21 

\I# 

FIGURE 23-111-19-CONNECTION GEOMETRY FOR SPLIT RINGS AND SHEAR PLATES 

'-. ~ M~ntain edge d. "'- /, 1stance 

""- / "-. 
I 

.. 1 _-rc~;=~· 
A = end distance 
0 = connector diameter 

FIGURE 23-111-20--END DISTANCE FOR MEMBERS WITH SLOPING END CUT 

. . -] 
FIGURE 23-111-21-TOENAIL CONNECTION 

2-1113 



Single Shear Connections 

Modes 1m and I~ represent bearing­
dominated yiela of the wood fibers 
in contact with the fastener in either 
the main or side member(s), 
respectively. 

Mode Im 

.. Mode 15 

Double Shear Connections 

I .. .. 

FIGURE 23-111-22--CONNECTION YIELD MODES 

..... 

~ 
c: z 
~ 
:II 
:s:: 
aJ c: 
r= 
0 z 
c;) 

0 
0 
0 
m 



~ ---(Ill 

Mode II .. 

Mode 11101 

(Not applicable) 
Mode II represents pivoting of the 
fastener at the shear plane of a single 
shear connection with limited localized 
crushing of wood fibers near the faces 
of the wood member(s), as may occur 
in bolted connections with oversize bolt 
holes. Mode II does not occur in single 
shear nail or screw connections with 
minimum required fastener 
penetration. 

(Not applicable) 
Modes 111m and 1115 represent fastener 
yield in bending at one plastic hinge 
point per shear plane, and bearing­
dominated yield of wood fibers in 
contact with the fastener in either the 
main or side member(s), respectively. 

FIGURE 23-111-22-CONNECTION YIELD MODES---(Continued) 

..... 

~ 
c z 
:;; 
0 
::D 
3: 
ID 
c 
r= c z 
G) 

0 
0 c m 



~ .... .... .... 
en Single Shear Connections Double Shear Connections 

Mode 1115 

Mode IV 

Mode IV represents fastener yield in 
bending at two plastic hinge points per 
shear plane, with limited localized 
crushing of wood fibers near the shear 
plane(s). 

FIGURE 23-111-22-CONNECTION YIELD MODE5---(Continued) 

.. _. 

~ 
c: z 
~ 
::0 
3: 
Ill 
c: 
r= c z 
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1994 UNIFORM BUILDING CODE 23-111-23 

WOOD 
MEMBER 

NAIL ON 
EACH SIDE 

WOOD 
MEMBER 

·>< 
~<( 
:::!;:::!; 

EE 
E E 
N<Jl 
or--. 
:=.-8-
~~I :~ 

STOVE BOLT 
OR WELDED STUD 

TOTAL SLIP OF 
0.030" (0.8 mm) 
WOOD TO WOOD IS 
CRITICAL FOR BOTH 

DIALS ON EACH SIDE 
OF JOINT-BOTH WIDE 
FACES 

CRITICAL SLIP WOOD 
TO METAL IS 0.015" 
(0.4 mm) 

WIRE OR ROD 

TWO DIAL SETUP FOUR DIAL SETUP 

2 X 4 OR 
2X6 

2';2 " (64 mm) MINIMUM WITH 2 x 4 
4W' (114 mm) MINIMUM WITH 2 x 6 

CONNECTOR PLATES ON BOTH 
WIDE FACES 

GRIND OFF SMOOTHLY ALL TEETH OR 
INTEGRAL NAILS OR OTHER DEVICES 
IN THESE AREAS. 

THE NET PLATE AREA OR THE REMAINING 
TEETH OR NAILS SHALL BE USED TO 
DETERMINE THE BASIC NORMAL PLATE 
VALUE. UNLESS A NON END DISTANCE 
METHOD IS USED; THE 4" (102 mm) 
MINIMUM LENGTH MAY THEN BE 3'" (76 mm). 

NO SCALE 

STANDARD CONNECTOR EVALUATION TENSION TEST 

FIGURE 23-111-23 
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23-111-24-23-111-25 1994 UNIFORM BUILDING CODE 

B 

FIGURE 23-111-24-SYMMETRICAL POSITIONING 

---------

B 

FIGURE 23-111-25-NONSYMMETRICAL POSITIONING 

2-1118 
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E 
E 

.E 
v 
tri 
N 

~ 

~ 
:I: 
f-
0 

~ 
w 
f­
<( 
--' 
0.. 

0 

2 

4 

6 

8 

10 

12 

0 2 4 6 8 10 12 Greater 

PLATE LENGTH IN. (x 25.4 for mrr) 

,-----~-, 
I I 

L ______ lJ t~~~- ~---1~, 
__...-- ..-""' -\ 

TRANSLATION ROTATION 

Note: The tolerance in plate location from that specified on the 
truss drawing shall be limited, such that no point on the plate is 
displaced from its design location more than indicated in the 
above table for the given plate size. Where plate size falls on the 
line. use the lesser tolerance. For example: 4 x 6 ( t 02 x t52 mm) 
plate tolerance is '14' (6.4 mm). 8 x t2 (203 x 305 mm) plate 
tolerance is 3/4' (t9 mm). 

For non symmetrical plate positioning use the dimension of the 
smallest contact area per member as the plate dimension for the 
plate location tolerance that shall govern. 

FIGURE 23-111-26--METAL CONNECTOR PLATE LOCATION TOLERANCE (T) 

23-111-26 
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23-111-27 
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HEEL PEAK 

* 
~ rrrn } 

B.C. SPLICE T.C. SPLICE 

DUCT 
SPACE « . 

* 

SCISSORS 
B.C. PEAK 

DUCT OPENING HIP BREAK 
JOINT 

0 -Indicates control point beyond which plate shall not extend. 

* -Indicates extension of plate which shall be checked for 
interference before substitution of larger plate. 

FIGURE 23-111-27-EXAMPLES OF SUBSTITUTION OF 
LARGER METAL CONNECTOR PLATES THAN SPECIFIED SIZE 



1994 UNIFORM BUILDING CODE 23-111-26-23-111-29 

~ Topview 

~~~~::;:i::, "'· 
FIGURE 23-111-28-VISIBLE EVIDENCE OF FLATIENING 

OF METAL CONNECTOR PLATE TEETH 

~---WEB MEMBER----...._ 

CHORD MEMBER 

-­,..---
____ ':;--

-- ··--

I A-MAXIMUM GAP 3=--r;;;Tri0 (6.4 mm) . 3 
B-AVERAGE GAP 1:8 inch (3.2 mm) 

-~--- -~-~---

FIGURE 23-111-29-INTERIOR JOINT TOLERANCES 

2-1121 



23-111-30 

2-1122 

·n 

1994 UNIFORM BUILDING CODE 

TENSION COMPRESSION 

A-MAXIMUM GAP 1/8 inch (3.2 mm) 1116 inch (1.6 mm) 

B-AVERAGE GAP 1116 inch (1.6 mm) 1/32 inch (0.8 mm) 
- - - --- --- ..:.-~-

Note: Compression splice joints not meeting these joint 
tolerances shall be shimmed with metal shims or alternatives 
acceptable to the truss design engineer. 

FIGURE 23·111-30-SPLICE JOINT TOLERANCES 



1994 UNIFORM BUILDING CODE 23-111-31 

-II-® 

A-MAXIMUM GAP ·=r==--,z~~lch (3.2 mm) ~ 
B-AVERAGE GAP 1/16 inch (1.6 mm) 

-"-· "-- ··-·-- ----·-· 

FIGURE 23-111-31-EXTERIOR JOINT TOLERANCES 
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23-111-32 

2-1124 

"~ 

~ 
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Note: If xy =required area, then zy,; 0.1 xy. 

y 

k = Estimated area of knot 
under plate 

Note: If xy =required area, then k,; 0.1 xy. 

FIGURE 23-111-32-WANE AND KNOTS IN METAL CONNECTOR PLATE AREA 
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---~ -:.:::: -
----~ --- ---~ 

Fe•,ler gage used to measure gap g, 
between plate and wood. 

Note: an is the estimated area of plate, per member contact 
area (An Bn), where G :c: 0). 1/ or '11 6 " (1 .6 mm) (whichever 
is greater), then an s '13 minimum requ~red contact 
area where n is the web or chord mer"lber being 
evaluated. 

--y-__:t 1 Shortest tooth length 

Note: If a= estimated area of plate where q • 0.1/or 1;, 6 '' 

(1 .6 mm) (whichever is greater), then an ,, minimum 
required contact area 

FIGURE 23-111-33-METAL CONNECTOR PLATE EMBEDMENT TOLERANCES 
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~. 
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'Plate l 
f Lv 8 

l 

a-! I Shortest tooth length 

Section Y-Y 

Note: If an is the estimated area of plate, per member 
contact area, where g ,; 0.1/ or 111 6" (1.6 mm) 
(whichever is greater), then, an,; 113 minimum required 
plate contact area. 

FIGURE 23-111-34-METAL CONNECTOR PLATE EMBEDMENT TOLERANCES 
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,--· LX!, ., __ - - _.,. 

Note: Add plate length X, to cover e11tire 
gap (both faces) 

------ --
r---·.::-_-_-·· · -=:OR-=--~"' ::! Y 

- -- - -=-==------
Note: Add plate width Y. equal to max gap both s1des 

of plate (both faces). 

Note: Increase plate length and width 
'12" (13 mm) past scart cut (both faces). 

23-111-34 

FIGURE 23-111-34-METAL CONNECTOR PLATE EMBEDMENT TOLERANCES-(Continued) 
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23-111-35 
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112" (13 mm) 

Note: Add additional plate to within 
w· (13 mm) of peak (both faces). 

* -Indicates extension of plate which shall be 
checked for interference before substitution 
of larger plate. 

FIGURE 23·111-35-CORRECTION OF JOINT TOLERANCE 
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Parallel open joint surfaces only. 

Note: Shims are driven to tight contact 
after connector plates are in place 

FIGURE 23-111-36-COMPRESSION JOINT REPAIR 

23-111-36 

2-1129 



23·111·37 -23·111·38 
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I magi nary plane 
normal to sloping 

a:~~ surface 

General direction---"-~---------' 
Sloping surface of wood fibers 

I 
Axis of cut---. 

' FIGURE 23·111·37 

Axis of cut for symmetrical sloping end; cut at angle ex 

General direction"'- '· \ ~~ 
of wood fibers ' "· ~~ -

'\ 
\ 

Axisofcut~ 
\ 
\ 

FIGURE 23·111·38 

Axis of cut for asymmetrical compound sloped end cut. 
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FIGURE 23-111-39 

Square-cut end, tx = 90 degrees 

FIGURE 23-111-40 

\ 
\ 

Load parallel to axis of cut; n = 0 degrees 

23-111-39-23-111-40 
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23-111-41-23-111-42 1994 UNIFORM BUILDING CODE 

FIGURE 23-111-41 

Load perpendicular to axis of cut; e = 90 degrees 

SHEAR AREA 

" 
(A) PARALLEL MEMBER JOINT 

ll 

(B) ANGLED MEMBER JOINT 

FIGURE 23-111-42 

2-1132 
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Na. 

FIGURE 23-111-43 

Load at angle H to axis of cut. 

Uniform Load (w) 

_1fll J, J, f]~e1 ~ rrr-l~ 

Sho" o~ --=:::::::::::: 
Moment o 
~ + ~ 

FIGURE 23-111-44-SIGN CONVENTION FOR EQUIVALENT BEAM 

~ ~ L 

b I L • ~J- ;, pI ·! I 
,- \ \. T )lr"\ CB"' h 7 Yl < rp;r: 7 I < \ 

CE:!J- I ),'I/ 

~+- ,__, h >J/ 
......, 

I 

L 
I 

L~, ,.J 

FIGURE 23-111-45-DIMENSIONS USED TO DETERMINE L'!d 
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-
~ 

-
~ 

~ 
.cr~ 

N.A. ---

&fiJ 

FIGURE 23-111-46---DIMENSIONS USED TO DETERMINE lo 

web configuration may 
vary from illustration 

~ oftruss 

~ ~=::::=:::::::::::::+===========:::::::::1 

X-i 
~ ofopening 

FIGURE 23-111-47-MEASUREMENT OF OPENING OFFSET 

2-1134 
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CHAP. 23, DIV. IV 

2344-2344.4.1.1 

Division IV-DESIGN STANDARD FOR STRUCTURAL GLUED BUILT-UP 
MEMBERs-PLYWOOD COMPONENTS 

Based on Design and Fabrication Specifications of 
the American Plywood Association 

SECTION 2344- PLYWOOD STRESSED SKIN PANELS 

2344.1 Scope. This standard covers requirements for the design of plywood stressed skin panels 
as referred to in Section 2313. 

2344.2 Definition. A panel with stressed covers, or a stressed skin panel, is one in which the cov­
ering acts integrally with the framing members to resist bending loads in proportion to its effective 
moment of inertia. It consists of several longitudinal framing members or ribs spaced by headers 
and covered on top alone or top and bottom with plywood panels. 

2344.3 Design. 

2344.3.1 Spacing of ribs. The clear distance between ribs shall not exceed twice the basic spacing 
set forth in Table 23-IV-A. 

2344.3.2 Skin bending. The stressed skin shall be capable of resisting bending stresses due to 
loads normal to the skin with allowance for direction of the face grain. 

2344.3.3 Determination of section properties. For determination of bending stresses, the sec­
tion properties shall be calculated considering that only the ribs or plies of the ribs and the plies in 
the stressed skin with grain parallel to the span of the ribs are effective. If the clear distance between 
ribs is less than the basic spacing "b" as set forth in Table 23-IV-A, the effective width of the skin is 
equal to the full panel width. If the clear distance between ribs is greater than the basic spacing "b," 
the effective width of the skins equals the sum of the widths of the ribs in contact with the stressed 
skin plus a portion of the skin extending a distance equal to 0.5 "b" each side of each rib. 

For determination of horizontal shear, rolling shear, deflection and splice stresses, the section 
properties shall be based on the gross section of all material having its grain parallel with the direc­
tion of the principal stress. The modulus of elasticity used to calculate deflection shall be based on 
the modulus of elasticity of the plywood stressed skins. 

2344.3.4 Method of design. Stressed skin panels shall be designed in accordance with accepted 
engineering formulas, without exceeding the allowable stresses specified in Section 2344.4. 

2344.3.5 Splices. The stressed skin panels and ribs shall be continuous in the longitudinal direc­
tion, except where adequately spliced and designed in accordance with Section 2344.4. 

2344.4 Allowable Stresses. 

2344.4.1 Panel stresses. 

2344.4.1.1 Direct stress from bending. The allowable working stresses in the stressed skin 
flanges shall not exceed the values set forth in Table 23-1-B for tension or compression when multi­
plied by the factor "F': 

b = the clear distance between ribs in inches (mm). 
"b" = the basic spacing shown in Table 23-IV-A in inches (mm). 

Forb/ "b" equal or less than 0.5, F equals 1. 
For b/ "b" greater than 0.5 and less than 1.0 

F = 0.67 (2- b! "b"). 
Forb! "b" equal or greater than 1.0 and not greater than 2.0 

F= 0.67. 
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2344.4.1.2 Rolling shear. The shear between interior ribs and plywood skin shall not exceed the 
values set forth in Table 23-1-B for rolling shear. The allowable working stresses shall be reduced 50 
percent at exterior ribs. This reduction applies to exterior stringers whose clear distance to the panel 
edge is less than half the clear distance between stringers. 

2344.4.1.3 Stress in plywood skin splices. 

2344.4.1.3.1 Scarf-jointed splice in compression. The allowable stress in the skin at the splice 
shall not exceed the values specified in Section 2344.4.1.1. The slope of the scarf shall not be 
steeper than I in 5. 

2344.4.1.3.2 Butt-jointed splice in compression. Where a splice plate is installed on one side of 
the joint, the allowable stress in the skin at the splice shall not exceed the values specified in Section 
2344.4.1.1, provided said values are reduced in proportion to the ratio of the width of the splice plate 
to the width of the stressed skin. The splice plate shall be at least equal in thickness and grade to the 
skin being spliced. The splice plate shall be centered over the joint with the face grain parallel to the 
face grain of the skin. The minimum length of the splice plate, measured parallel to the span, shall 
not he less than the values set forth in Table 23-IV-B. Splice plates shall be preglued to the skins 
prior to assembly of the panel. No percentage reduction is taken for compressive stress. 

2344.4.1.3.3 Scarf-jointed splice in tension. The allowable stress in the skin at the splice shall 
not exceed the values specified in Section 2344.4.1.1. The slope of scarf shall not be steeper than I 
in 8. 

2344.4.1.3.4 Butt-jointed splice in tension. Where a splice plate is installed, the allowable stress 
in the skin at the splice shall not exceed the values set forth in Table 23-IV-C. The splice plate thick­
ness, position, orientation to face grain, installation and length shall conform to Section 
2344.4.1.3.2. 

2344.4.2 Rib or longitudinal stresses. 

2344.4.2.1 Bending. Bending stresses shall not exceed the values set forth in Table 23-1-A-1, 
23-I-A-2, 23-I-A-3, 23-1-A-4, 23-I-A-5 or 23-I-A-6. 

2344.4.2.2 Horizontal shear. Horizontal shear shall not exceed the values set forth in Table 
23-1-A-1, 23-I-A-2, 23-I-A-3, 23-1-A-4, 23-1-A-5 or 23-1-A-6. 

2344.4.2.3 Splices in ribs or longitudinal members. Accurately fitted and well-glued scarf or 
finger joints are permitted provided the maximum stress in bending does not exceed the percentages 
of the basic flexural stress shown in ANSI/ AITC A 190.1 and ASTM D 3737. In the finger joint, the 
portion of the joint occupied by the tips of the fingers at that cross section shall not be considered as 
effective. Finger joints and other nonstandard configurations of scarf joints may be prequalified in 
accordance with ANSI/AITC A190.1 and ASTM D 3737. The effective slope of the joint shall also 
be determined. 

2344.5 Fabrication. The plywood stressed skins shall be fabricated in accordance with the proce­
dures specified in Section 2348. 

SECTION 2345- PLYWOOD CURVED PANELS 

2345.1 Scope. This division covers requirements for the design of plywood curved panels as re­
ferred to in Section 2313. Fabrication procedure shall be in accordance with the requirements of 
Section 2348. 

2345.2 General Design. Curved panels may be designed as either curved flexural panels or arch 
panels. The curved flexural panels act as a simple beam, without developing horizontal thrust. 
Bearing details are designed accordingly, with provision for horizontal deflection. Tie rods are not 
required. Arch panels are stressed both in compression and in flexure. They exert horizontal thrust 
at the supports and therefore require tie rods or abutments. 
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2345.3 Definition. 

CHAP. 23, DIV. IV 
2345.3-2345.5.3 

2345.3.1 Core types. Curved plywood panels consist of full-length plywood faces top and bottom 
spaced by and joined with glue to a structural core capable of resisting the shearing forces. The core 
may consist of one or more layers of plywood, butt-jointed or full-length, glued over the full areas to 
the faces or spaced ribs constructed of single-piece or laminated plywood or lumber strips, spaced 
as required, either preglued or glued during panel assembly. 

2345.4 Allowable Stresses. 

2345.4.1 Plywood core. The allowable working stresses in plywood core type of construction in 
flexure, compression and tension shall not exceed the values set forth in Table 23-I-B and reduced 
for curvature by multiplication by the following curvature factor: 

1 - 2ooo[*f 
WHERE: 

R radius of curvature at center line of member, inches (mm). 
t thickness, out-to-out of plies parallel with the stress, inches (mm). 
t shall not exceed 11125. 
R 

2345.4.2 Spaced ribs. The allowable working stresses in compression and tension shall be estab­
lished as specified in Section 2345.4.1. In addition, the allowable stresses shall be further reduced 
as for stressed skin panels as specified in Section 2344. 

2345.4.3 Radial stresses. The radial stresses induced by bending moment in a curved spaced rib 
or plywood core panel shall be computed by the formula: 

WHERE: 
b width of stringer, inches (mm). 

3M 
SR = 2Rbh 

h overall height of panel, inches (mm). 
M bending moment, in inch-pounds (N·mm), on a width of panel equal to the rib spacing. 
R radius of curvature at center line of member, inches (mm). 

SR actual stress in a radial direction, pounds per square inch (N/mm2). 

When M is in the direction tending to decrease curvature (increase the radius) the stress is in ten­
sion and SR for plywood shall be limited to one half the values shown for rolling shear in the plane of 
the plies in Table 23-I-B. SR for lumber ribs shall be limited to one third the values shown for hori­
zontal shear in Tables 23-1-A-1, 23-I-A-2, 23-I-A-4 and 23-I-A-5. When M is in the direction tend­
ing to increase curvature (decrease the radius) the stress is in compression and SR for plywood shall 
be limited to the values shown for compression perpendicular to the grain in Table 23-I-B. SR for 
lumber ribs shall be limited to the values shown for compression perpendicular to the grain in Table 
23-I-A-1, 23-I-A-2, 23-1-A-3, 23-I-A-4, 23-I-A-5 or 23-I-A-6. 

2345.5 Effective Cross Section. 

2345.5.1 Direction of grain. All plywood and lumber having its grain parallel with the direction 
of stress shall be considered effective in resisting the stress, except for spaced-rib panels which 
should be as outlined in Section 2344. 

2345.5.2 Scarfed plywood joints. The slope of scarfed joints shall not be steeper than one in eight 
in order to fully develop the strength of the plywood elements. 

2345.5.3 Glued-plywood butt joints with splice plates. Butt joints with splice plates shall be de­
signed in accordance with Part I of this standard. Splice plates shall be pre glued to the skins prior to 
assembly of the panel. 
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2345.5.4 Butt joints without splice plates. The effective strength of solid plywood core panels 
and of laminated ribs in a spaced rib panel at a section containing a butt joint in any lamination shall 
be determined by ignoring the butted lamination and any other lamination containing a butt joint 
closer than 50 times the lamination thickness. 

2345.5.5 Deflection. The deflection of curved panels containing butt joints in either the core or 
the faces may be based on the gross section of all material having its grain parallel with the direction 
of principal stress, provided all butt joints are staggered at least 10 times the lamination thickness. 

2345.6 Design of Curved Flexural Panels. Curved flexural panels shall be designed as simple 
beams in accordance with the applicable parts of this standard, with provisions to permit horizontal 
displacement at supports. The extent of this displacement shall be determined in accordance with 
accepted engineering practice. 

2345.7 Design of Arch Panels. 

2345.7.1 General. Arch panels shall be designed in accordance with this standard as arches 
which are subjected to combined bending and direct stress. Determination of vertical and horizon­
tal reactions and maximum axial loads, moments and shears shall be based on accepted engineering 
practice. 

2345.7.2 Bending and direct stress. Combined bending and direct stress shall be calculated by 
the formula: 

WHERE: 

p M 
Ac +Sf= 1 

0.3E 
c = (l/d)2 

A area in square inches (mm2) of arch cross section per foot (mm) width of arch, of plies with 
their grain parallel to the direction of the stress. 

c allowable unit compressive stress in pounds per square inch (N/mm2), as indicated by the 
above formula but not to exceed the values in Tables 23-1-A-1, 23-1-A-2, 23-1-A-3, 
23-1-A-4, 23-1-A-5 and 23-1-A-6. 

d thickness, out-to-out, of plies with their grain parallel to the direction of the stress in 
inches (mm). 

E modulus of elasticity of skins in pounds per square inch (N/mm2). 
f allowable stress in extreme fiber, pounds per square inch (N/mm2), tension or compres­

sion, modified by Sections 2344.4.1 and 2345.4.1 as applicable. 

chord length in inches (mm) between points of zero moment. 

M moment, in inch-pounds per foot (N·mm/mm) width of arch. 
P direct force, pounds per foot (N/mm) width of arch. 

S section modulus, inches cubed per foot (mm3/mm) width of arch, of plies with their grain 
parallel to the direction of the stress. 

2345.7.3 Shear stresses. Shear stresses shall be calculated by the following formula: 

WHERE: 
b = width of rib, inches (mm). 
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[b = 12 inches (305 mm) for solid plywood core panel.] 
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I moment of inertia of arch panel, inches to the fourth power, per foot (mm4/mm) width of 
arch panel, or per rib section. 

Q first moment about neutral axis of area of parallel grain material from panel face into 
plane at which shear stress is to be calculated, inches cubed per foot (mm3/mm) width of 
arch panel, or per rib section. 

S shear stress, pounds per square inch (N/mm2), either rolling shear in plywood, or horizon­
tal shear in rib. 

V shear acting normal to the slope of the arch, pounds per foot (N/mm) of arch width, or per 
rib section. 

2345.7.4 Connections. Connections of panels to supporting members shall be with nails, lag 
screws, bolts, or other means adequate to resist the maximum horizontal thrust and uplift, as well as 
any shear developed by assumed diaphragm action. 

2345.7.5 Supports. The horizontal members supporting arch panels shall be adequate to resist 
vertical and horizontal loads between supports without deflection sufficient to alter the design basis 
of the arch panels. Horizontal thrust shall be resisted by properly designed tie rods, struts or abut­
ments. 

Where tie rods are used to resist thrust, such rods or other effective means of resisting thrust shall 
be placed in all bays. 

Where abutments are used at the outer edges of exterior bays, struts or other means of resisting 
thrust, such as shear walls, shall be placed in all bays. Spacing shall be as required by the interior 
panel supporting members. Such struts are required to provide for unbalanced loads when all bays 
are not equally loaded. 

2345.7.6 Buckling. Adequate design provisions shall be provided to ensure stability against 
buckling due to axial and/or shear forces. 

SECTION 2346 - PL VWOOD BEAMS 

2346.1 Scope. This standard covers requirements for design of plywood beams as referred to in 
Section 2313. 

2346.2 Definition. Plywood beams are structural units consisting of one or more vertical 
plywood webs which are attached to lumber flanges. The lumber flanges carry the bending forces 
while the plywood webs transmit the shear. At intervals along the beam, stiffeners, inserted between 
the flanges and attached to the webs, serve to distribute concentrated loads and resist web buckling. 

2346.3 Flanges. 

2346.3.1 Design. 

2346.3.1.1 Bending in symmetrical sections. The allowable resisting moment for a symmetrical 
section shall not exceed the values established by the following formula: 

WHERE: 

M = 2tl 
h 

h depth of the beam in inches (rum). 

I = net moment of inertia in inches to the fourth power (mm4) of all the continuous parallel 
grain material in the flange and web section. Location of the neutral axis shall be calcu­
lated without considering butt joints. 
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= allowable working stress in pounds per square inch (N/mm2) in tension parallel to the 
grain of the flange lumber. Also see Sections 2346.3.1.3 and 2346.3.1.5. 

2346.3.1.2 Bending in unsymmetrical sections. The allowable resisting moment for an unsym­
metrical beam section shall not exceed the value established by the following formula: 

M =fl 
z 

WHERE: 

f = allowable working stress in pounds per square inch (N/mm2). Note that the allowable 
working stress for the tension flange and compression flange corresponds to allowable 
values fort and c, respectively. Also see Sections 2346.3.1.3 and 2346.3.1.5. 

I net moment of inertia in inches to the fourth power (mm4) of all continuous parallel grain 
material in the flange and web section. 

M resisting moment in inch-pounds (N·mm). 
Z distance from the neutral axis to an outer flange fiber in inches (mm). Location of the neu-

tral axis shall be calculated without considering butt joints. 

2346.3.1.3 Lateral support of compression flange. The actual stress in the compression flange 
shall not exceed the allowable stress established by the following formula and in no case shall ex­
ceed the allowable unit stress for compression parallel to the grain: 

WHERE: 

p 
A 

d width of the upper flange in inches (mm). 
E modulus of elasticity in pounds per square inch (N/mm2) (see Table 23-I-A-1, 23-I-A-2, 

23-I-A-4 or 23-I-A-5). 
L distance between lateral supports of the compression flange in inches (mm). 

PIA allowable compression stress parallel to the grain in pounds per square inch (N/mm2). 
Bracing elements and their connections providing restraint for the compression flange shall be 

capable of resisting a force F applied in a horizontal direction of not less than that established by the 
following formula: 

F = 0.02 A (c') L~ 

WHERE: 
A area of the compression flange in square inches (mm2). 

c' = the allowable compressive stress or the actual stress in compression in pounds per square 
inch (N/mm2) as governed by Section 2346.3.1 

F force applied in a horizontal direction in pounds (N). 
Lm maximum permissible bracing for the actual stress. 
When the member is not symmetrical about the vertical neutral axis, due consideration shall be 

taken in the design for adequate lateral restraint. 

2346.3.1.4 Lateral stability of deep narrow beam. The ratio lxlly of the gross moment of inertia 
of all parallel grain material about the horizontal neutral axis to that about the vertical axis shall 
determine the type of bracing required as set forth in Table 23-IV-D 

2346.3.1.5 Flange splices. Scarf joints in tension and compression flanges may be assumed fully 
effective for the determination of moment of inertia. Scarf joints in adjacent laminations shall be 

2-1140 



1994 UNIFORM BUILDING CODE 
CHAP. 23, DIV. IV 

2346.3.1.5-2346.4.1.2 

spaced no closer than 16 times the lamination thickness, measured center to center, except that the 
spacing may be reduced to zero where the design indicates no bending stress. 

Butt joints shall not be permitted in tension flanges except where the butted lamination is omitted 
in determination of the moment of inertia at that section. In addition, the moment of inertia shall be 
reduced at the above section where butted joints occur in adjacent laminations based upon the area 
reduction factors set forth in Table 23-IV-E 

The allowable stress in tension flanges having butt joints shall not exceed 80 percent of the allow­
able code values. Compression flanges having butt joints shall be designed as required for tension 
flanges except that a reduction in stress is not required. 

The allowable stress in flanges having finger joints shall not exceed 2,200 pounds per square inch 
(0.0 15 16 N/mm2). The portion of the joint occupied by the tips of the fingers at the cross section 
shall not be considered as effective. 

Approved finger joints based on the performance tests set forth in ANSI/ AITC A 190.1 and 
ASTM D 3737, with the exception that the low test value be limited to twice the design stress, may 
be used in lieu of the preceding requirement. 

2346.3.2 Fabrication. Flanges shall consist of one or more laminations of Douglas fir (Coast Re­
gion), West Coast hemlock or southern pine dry lumber not more than 2 inches (51 mm) thick which 
is stress-graded in accordance with WCLIB Standard Grading Rules No. 16 and SPIB Southern 
Pine Grading Rules. Finger joints may be used in lieu of scarf joints. All provisions of WCLIB Stan­
dard Grading Rules No. 16 are applicable except as further limited by Section 2346.3.1.5. 

2346.4 Plywood Webs. 

2346.4.1 Design. 

2346.4.1.1 Horizontal shear. The allowable shear on the plywood web shall not exceed the value 
established by the following formula: 

WHERE: 

V = viL t 
Q 

I total moment of inertia in inches to the fourth power (mm4) about the neutral axis of all 
parallel grain material regardless of any butt joints. 

Q statical moment about the neutral axis of all parallel grain material regardless of any butt 
joints lying above (or below) the neutral axis in inches to the third power (mm3). 

V allowable total shear on the section in pounds (N). 
v allowable plywood shear stress through the panel thickness in pounds per square inch 

(N/mm2). See Table 23-1-B and Section 2346.4.1.4. 
~t total shear thickness of all webs at the section in inches (mm). 

2346.4.1.2 Flange-web shear (rolling shear). For beams having one or two webs, the allowable 
flange-web shear on pressure-glued or nail-glued systems shall not exceed the value established by 
the following formula: 

v = ( nQ~I) 
WHERE: 

d depth of contact area between flange and plywood web in inches (mm). 
I = total moment of inertia about the neutral axis of all parallel grain material, regardless of 

any butt joints in inches to the fourth power (mm4). 
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Qjl statical moment about the neutral axis of all parallel grain material, regardless of any butt 
joints, in the upper (or lower) flanges in inches to the third power (mm3). 

s 

v = 

one half of the allowable plywood rolling shear stress in pounds per square inch (N/mm2) 
as given in Table 23-I-B. Shear values shall not be assigned to the nails in the nail-glued 
systems. 

allowable total shear on the section in pounds (N). 

2346.4.1.3 Stiffeners for concentrated loads. Stiffeners shall be placed over reactions and 
where other heavy concentrated loads occur. They shall fit tightly against the flanges and their at­
tachment to the webs shall be capable of transmitting the concentrated load or reaction. The width 
of the stiffeners shall be equal to the lumber flange width at the section. Their dimension parallel to 
the beam span shall not be less than "w." 

WHERE: 
b t1ange width in inches (mm). 

p 
w=-­

cl_ b 

c J. allowable stress in compression perpendicular to grain in pounds per square inch 
(N/mm2) for the flange lumber as set forth in Table 23-I-A-1, 23-I-A-2, 23-I-A-3, 
23-I-A-4, 23-I-A-5 or 23-I-A-6. 

P = concentrated load or reaction in pounds (N). 

2346.4.1.4 Intermediate stiffeners to prevent web buckling. Intermediate stiffeners shall be 
spaced not to exceed 48 inches (1219 mm) on center. The width of the stiffeners shall be equal to the 
lumber t1ange width at the section and shall be of not less than 2-inch (51 mm) nominal dimen­
sioned lumber. 

In regions of high shear, where shear stress is 100 percent of values set forth in Table 23-I-A-2, the 
spacing of the stiffeners specified above shall be reduced in accordance with Table 23-IV-F. 

Where the webs are stressed to less than 100 percent of the shear strength, the stiffener spacing b 
shall be calculated by the following formula, except that where the shear stress is 90 percent or less 
of the shear strength of the webs, the intermediate stiffeners may be spaced at 48 inches ( 1219 mm) 
on center. In no case shall the spacing exceed 48 inches (1219 mm). 

b' = b(l + IO~;p) 

WHERE: 
b stiffener spacing in inches (mm) from Table 23-IV-F. 

b' = actual stiffener spacing in inches (mm). 

p = actual percentage of allowable plywood shear stress existing at the section. 

2346.4.1.5 Tapered beams. Where the depth of the beam is tapered, the net vertical component of 
the direct forces in the t1anges shall be added to or subtracted from the external shear to obtain the 
net shear acting at a section of web. This vertical component shall be calculated as follows: 

p = M 
v L, 

WHERE: 
Lt distance from section to the intersection of the flange center lines in inches (mm). 

M = bending moment acting on section in inch-pounds (N·mm). 
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2346.4.1.6 Web splices. Scarfed and butt end joints in plywood webs shall be designed in accor­
dance with Part I of this standard. Joints subject to more than one type of stress or to stress reversal 
shall be designed for the most severe case. The slope of scarf joints, I in 8 or flatter, and splice plate 
lengths in Table 23-IV-B of this standard are adequate to transmit I 00 percent of the shear strength 
of the plywood webs being spliced, provided that the provisions of Section 2344.4.I.3.2 regarding 
splice plate thickness, grade and orientation, are adhered to. 

All end joints in plywood webs shall be staggered at least 24 inches (61 0 mm) with intermediate 
stiffeners at each joint. 

SECTION 2347- PLYWOOD SANDWICH PANELS 

2347.1 Scope. This standard covers requirements for the design of plywood sandwich panels as 
referred to in Section 23I3. 

2347.2 Definition. A structural sandwich panel is an assembly consisting of a lightweight core 
securely laminated between two relatively thin, strong facings. Axial compression forces are 
carried by compression in the facings, stabilized by the core material against buckling; bending 
moments arc resisted by an internal couple composed of forces in the facings; shearing forces arc 
resisted by the core. 

2347.3 General Design. 

2347.3.1 Material. For purposes of this standard, facings are assumed to be plywood meeting the 
requirements of U.B.C. Standard 23-2. Cores may be a variety of material, including polystyrene 
foams, polyurethane foams and paper honeycombs. 

2347.3.2 Bond between faces and core. Core may be glued to faces, or in the case of some foam 
materials, may adhere directly to the faces during expansion. In exterior wall panels, the bond shall 
be waterproof. The combination of core material and bond shall be such as not to creep excessively 
under the long-term loads and temperatures. 

2347.3.3 Trial section. A trial section of an exterior wall sandwich panel shall be determined as 
described below. It shall then be investigated for all possible modes of failure. 

2347.4 Faces and Cores. 

2347.4.1 Plywood faces. The required parallel-grain plywood area shall be determined by the fol­
lowing formula: 

WHERE: 

p 
Fe 

A1 parallel-grain area of outside (top) skin in in.2/ft. (mm2/mm) of width. 

A2 parallel-grain area of inside (bottom) skin in in.2/ft (mm2/mm). 

Fe = allowable compressive stress in parallel plies of plywood in pounds per square inch 
(N/mm2). 

P axial load in pounds per foot (N/mm) of panel width. 

2347.4.2 Core thickness. The minimum core thickness for structural purposes shall satisfy the 
following formula. In practice, core thickness is usually chosen on the basis of required insulating 
value. 

s M 
Fe 

A(h + c) 2 

4h 
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A = parallel-grain area of skin in in.2/ft. (mm2fmm) of panel width,= A 1 = Az. 
C core thickness in inches (mm). 
h total panel thickness in inches (mm). 
L panel span in feet (mm). 

M maximum bending moment applied to panel, in lb.-in. per foot (N·m/mm) of panel width 
(for simply supported end conditions, M = 1.5wL2). 

S section modulus of panel in in.3/ft. (mm3/mm) of width. 

w normal loading in pounds per square foot (N/mm2). 

2347.5 Analysis. 

2347.5.1 Neutral axis. The location of the neutral axis for the panel shall be calculated from the 
following formula: 

WHERE: 
t 1 thickness of outside (top) skin in inches (mm). 
t2 = thickness of inside (bottom) skin in inches (mm). 
y = distance from bottom (or inside) of panel to neutral axis in inches (mm). 

2347.5.2 Moment of inertia and section modulus. Moment of inertia and section modulus shall 
be calculated from the following formulas: 

WHERE: 

I= AIA2(h + c)2 
4 (AI + A2) 

- I sl- -h _, s2 -y 
I 
y 

I panel moment of inertia in inches4 per foot (mm4/mm) of width. 
S1 = section modulus calculated from the compression side of the panel, in inches3 (mm3). 

S2 = section modulus calculated from the tension side of the panel. in inches3 (mm3). 

2347.5.3 Column buckling. Allowable axial load shall be no larger than the value calculated 
from the following formula: 

Per 

(1
2L)

2
[ 

1 + (12L)2 :~~h + c)GJ 

n 2EI 

For SI: 

WHERE: 
E = modulus of elasticity of plywood in pounds per square inch (N/mm2). This value should 

include a 10 percent increase over published data to restore an allowance made when 
shear deflection is not computed separately. 
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Gc = modulus of rigidity of core in direction of span, in pounds per square inch (N/mm2). 

Per = theoretical column buckling load in pounds per foot (N/mm) of panel width. 

2347.5.4 Skin buckling. Stress tending to cause buckling of skin shall be no larger than that given 
in the following formula: 

WHERE: 
Ccr theoretical skin buckling stress in pounds per square inch (N/mm2). 

Ec = modulus of elasticity of the core perpendicular to the skin, in pounds per square inch 
(N/mm2). 

2347.5.5 Deflection. The maximum deflection shall conform to Table 16-D. Deflection shall be 
calculated according to the following formulas. 

Deflection due to transverse loading only is equal to: 

!1 !1 !1 = 5wL4 
X 1728 + wU 

= b + ·' 384£/ 4(h + c)G, 

For SI: !1 !1 + !1 = 5wL 
4 + wV = b ' 384£/ 4(h + c)G, 

WHERE: 
!1 total deflection in inches (mm). 

!lj, = deflection due to loading. 

lis = deflection due to shear. 
Total deflection including effects of axial load is approximately equal to: 

!1 

WHERE: 
limax = maximum deflection in inches (mm). 

2347.5.6 Bending stress. Bending stress shall be calculated using the following formula. This 
stress includes the bending due to the axial load through the initial transverse load deflection. 

+ !.5wU + Plimax 
Jb max = sl 

WHERE: 
.fi, max = applied bending stress in the facings. 

2347.5.7 Combined stress. Maximum combined stress will occur at midlength or midheight of 
the panel. It is the sum of the axial stress and the compressive bending stress in the concave side of 
the panel. It shall be calculated in accordance with the following formula: 

p 
fc max = A 

1 
+ A 

2 
+ fb max 

WHERE: 
fc max = maximum combined stress in pounds per square inch (N/mm2) (compression). 
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This stress shall be less than Fe and less than 1!3Cc,. 

1994 UNIFORM BUILDING CODE 

2347.5.8 Shear stress. Shear stress shall be computed by the formula: 

~' _ wL < F 
Jv- (h + c)12 - v 

For SI: 

WHERE: 

~' _ wL < F 
Jv - (h + c) - v 

fv applied shear stress in the core, in pounds per square inch (N/mm2). 
Fv = allowable shear stress in the core, in pounds per square inch (N/mm2). 

SECTION 2348 - FABRICATION OF PLYWOOD COMPONENTS 

2348.1 Scope. This standard applies to the fabrication of glued plywood-lumber structural assem­
blies such as stressed skin panels, curved panels, beams, etc., that have been designed in accordance 
with accepted engineering principles, including Division IV, Sections 2344, 2345 and 2346, for 
stressed skin panels, curved panels and beams. 

2348.2 Materials. 

2348.2.1 Plywood. 

2348.2.1.1 General. Plywood shall be as specified in the design and conform to U.B.C. Standard 
23-2. Each original panel shall bear the grade trademark of an approved independent inspection and 
testing agency. 

2348.2.1.2 Type. When the equilibrium moisture content of the member in use exceeds 16 per­
cent or if any edge or surface of the plywood is permanently exposed to the weather, the plywood 
affected shall be exterior type. Otherwise, it may be interior type with exterior glue. 

2348.2.1.3 Moisture content. At time of gluing the plywood shall be conditioned to a moisture 
content of approximately that which it will attain in service, but shall be between 7 percent and 16 
percent. Difference in average moisture content between panels glued to each other in any member 
shall not exceed 5 percent. 

2348.2.1.4 Surface requirements. Surfaces of plywood to be glued shall be clean and free from 
oil, dust, paper tape and other material which would be detrimental to satisfactory gluing. 

Medium density overlaid surfaces shall not be relied on for a structural glue bond. 

2348.2.1.5 Dimensional tolerances. Scarfed panels of plywood shall be square, as measured on 
the diagonals, within 1 /g inch (3.8 mm) for a 4-foot-wide ( 1219 mm) panel, and proportionately for 
other widths. 

2348.2.2 Lumber. 

2348.2.2.1 Grading. Lumber shall be uniformly manufactured and shall be of the grade required 
by the design. Lumber shall be graded and grade marked in accordance with applicable U.B.C. stan­
dards for the species to be used, except as modified herein. 

When lumber is resawn, it shall be regraded and grade marked on the basis of the new size. 

2348.2.2.2 Knotholes. Knotholes to the same size as the sound and tight knots specified for the 
grade by applicable U.B.C. standards may be permitted. 

2348.2.2.3 Moisture content. At time of gluing, the lumber shall be conditioned to a moisture 
content of approximately that which it will attain in service, but shall be between 7 percent and 16 
percent. 
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The range of moisture content of the various pieces assembled into a single panel or flange of a 
beam shall not exceed 5 percent. 

2348.2.2.4 Surface requirements. Surfaces of lumber to be glued shall be clean and free from oil, 
dust and other foreign matter which would be detrimental to satisfactory gluing. 

Each piece of lumber shall be machine finished, but not sanded, to a smooth surface with a 
maximum allowable variation of 1164 inch (0.40 mm) in the surface to be glued. 

Warp, twist, cup or other characteristics which would prevent intimate contact of adjacent glued 
surfaces shall not be permitted. 

2348.2.2.5 Flanges. Lumber for laminated flanges of beams and ribs for curved panels shall con­
form with the applicable requirements of ANSUAITC Standard Al90.1 and ASTM D 3737 regard­
less of the number of laminations. 

2348.2.2.6 Transverse members. Lumber for headers, blocking and stiffeners shall be of mini­
mum 2-inch (51 mm) nominal thickness and Standard Grade or higher Douglas fir or West Coast 
hemlock or equal. 

2348.2.3 Glue. 

2348.2.3.1 General. Mixing, spreading, storage life, pot life and working life, and assembly time 
and temperature shall be in accordance with the manufacturer's recommendations. 

2348.2.3.2 Interior type. When the equilibrium moisture content of the member in use does not 
exceed 16 percent, glue may be casein type, containing a mold inhibitor, and conforming with 
ASTM D 3024. 

2348.2.3.3 Exterior type. When the equilibrium moisture content of the member in use exceeds 
16 percent, glue shall be of a phenol, resorcinol or melamine base and conform with ASTM D 3024 
and D 2559 and APA AFG-01. 

2348.3 Fabrication. 

2348.3.1 General. Units may be assembled in a one-step process using either nail-gluing or me­
chanical pressure including pressure from clamps, presses, or other reasonably uniform measurable 
pressure, externally applied, to attach the plywood to the framing. If the unit is longer than available 
lengths of plywood, the skins and webs shall be spliced to full length, either with scarf joints, or butt 
joints with glued splice plates. Flange laminations of beams having glue lines parallel to the web 
may be glued at the same time as webs or preassembled. In either case, the laminating shall conform 
to the applicable requirements of ANSI/AITC Standard Al901.1 and ASTM D 3737. 

If more than one unit is pressed at a time, care shall be taken to prevent distortion of any core 
material used in the assembly. 

All cutouts for openings shall be reinforced as required in the design. 

2348.3.2 Surfacing. The edges of framing members to which plywood skins or webs are to be 
glued shall be surfaced prior to assembly so that the members have a maximum variation in surface 
of 1164 inch (0.4 mm) and 1/32 inch (0.8 mm) in depth for all framing members (allowing for actual 
thickness of any splice plates superimposed on blocking). This variation in depth shall apply to each 
framing member, as well as to the entire group of framing members within a unit. 

Stiffeners for glued beams shall be surfaced prior to gluing so that their surfaces are flush with 
those of the flanges within 11J2 inch (0.8 mm), allowing for any superimposed plywood splice 
plates. 

For glued beams, flanges at all stiffener locations shall have a maximum deviation from square of 
1!16 inch (1.6 mm) in 6 inches (152 mm), measured perpendicular to an accurate square gage. Twist 
or bow which would prevent intimate contact of webs, or would cause the beam to deform, shall not 
be permitted. 
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Surfaces of high density overlaid plywood to be glued shall be roughened, as by a light sanding, 
before gluing. 

2348.3.3 Glued joints. Plywood skins and webs shall be glued to all framing members over their 
full contact area, except that solid core curved panels may have the width and spacing of the contact 
area specified in the design. 

All splice plates at butt joints in plywood skins and webs and all scarfed end joints shall be glued 
over their full contact area. Scarf joints shall be glued, under pressure, and those plywood surfaces 
in contact with the framing members shall be sanded smooth with tape removed prior to assembly. 

2348.3.4 End joints in lumber. 

2348.3.4.1 General. End joints in stringers, ribs and flange material, including shims, shall be as 
specified in the design for the grade and stress used. 

2348.3.4.2 Scarf joints. Scarf joints in the lumber flanges shall be well scattered throughout. Un­
less otherwise specified, in adjoining laminations they shall be spaced not closer than 16 times the 
lamination thickness, measured from center to center. If shown on the approved plans, this spacing 
may be decreased to zero where the design indicates no bending stress. In flanges of three or less 
laminations, only one scarf joint shall be allowed at any one cross section; in flanges of four or more 
laminations, two scarf joints shall be allowed at the same cross section. Scarf slopes shall not be 
steeper than I in I 0 unless otherwise permitted by the design. 

2348.3.4.3 Butt joints. Stringer, rib and flange laminations shall not be butt jointed unless 
specified in the design. If permitted and not otherwise stipulated in the design, they shall be spaced 
at least 30 times the lamination thickness in adjoining (actually touching) laminations, and at least 
10 times the lamination thickness in nonadjoining laminations. 

2348.3.5 End joints in plywood. 

2348.3.5.1 Scarf joints. When a skin or web is composed of panels less than full length, end joints 
shall be scarfed and glued, unless butt joints with plywood splice plates are permitted by the design. 
Slope of scarf joints shall not be steeper than 1 in 8. 

2348.3.5.2 Butt joints in skins of panels. Butt joints shall be backed with plywood splice plates 
glued to one side of the skin. For ribbed panels, when glued during panel assembly the splice plate 
shall be backed with one or more pieces of lumber blocking, accurately machined in width so as to 
obtain adequate pressure. Lumber blocking by itself shall not be used for splicing skins unless 
shown on the approved plans. 

Splice plates shall be centered over the butt joint, and shall have their grain parallel with that of 
the skin. Plates shall extend to within 1/4 inch (6.4 mm) of the ribs; the latter shall not be notched to 
receive them, unless permitted by the design. Splice plates shall be at least equal in thickness to the 
skin, except that minimum thickness shall be 1/z inch (13 mm) if nail- or staple-glued. Minimum 
splice plate lengths shall be as shown in Table 23-IV-B. 

Solid plywood core panels shall be scarf jointed to length if so specified by the design. If desig­
nated on the approved plans, joints in solid plywood core panels may be tightly butted, provided 
they will conform readily with the curvature of the surface. Spacing of butt joints shall not be less 
than 10 times the lamination thickness. 

2348.3.5.3 Butt joints in webs of beams. Butt joints shall be staggered at least 24 inches (610 
mm). 

Splices at butt joints in webs shall be in accordance with the design. Unless otherwise noted in the 
design, at all web butt joints a plywood shear splice plate shall be centered over the joint and pre­
glued prior to assembly. The plate shall extend to within 1/4 inch (6.4 mm) of each flange on the 
inside of the beam, shall be at least equal in thickness to the web being spliced, of a length as 
specified on the approved plans, and shall have its grain parallel to that of the web. No splice plate 
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shall consist of more than two pieces of plywood. Where the design provides for the stiffeners to act 
as the web splices, web butt joints shall be located over the center of the stiffener, within 1;16 inch 
(1.6 mm), and webs shall be glued to the stiffener. The stiffener alone may be used as a splice plate 
when the web is 24 inches (61 0 mm) deep or less, and is no thicker than 3;8 inch (9.5 mm), or carries 
no more shear than would be allowed on a 3/ 8-inch (9.5 mm) panel. 

2348.3.6 Stiffener location for beams. Stiffeners shall be placed as shown on the approved 
plans, but in any case they shall be spaced not to exceed 4 feet ( 1219 mm) on centers, and at 
reactions and other concentrated load joints. 

Stiffeners shall be held in tight contact with the flanges by positive lateral pressure during 
fabrication. 

2348.3.7 Assembly. Ribs, stringers, flanges and other framing members shall be assembled 
accurately and shall be s9uare. Joints shall be made tight, and all framing members shall be of 
uniform thickness within h2 inch (0.8 mm). 

All gluing surfaces shall be flush within 1/32 inch (0.8 mm). 

Plywood may be lightly tacked to framing members so as to maintain alignment during pressing. 

2348.3.8 Tongue-and-groove edge joint. Where a tongue-and-groove-type edge joint for 
stressed skin and curved panels is specified (and not otherwise detailed), the longitudinal framing 
member forming the tongue shall be of at least 2-inch (51 mm) nominal thickness, set out 3/4 inch 
(19 mm) from the plywood edge plus or minus 1/16 inch (1.6 mm). Edges of the tongue shall be 
eased so as to leave a flat shoulder at least 3/8 inch (9.5 mm) wide. Any corresponding framing 
member forming the base of the groove shall be set back 1/4 inch to I inch (6.4 mm to 25 mm) more 
than the amount by which the tongue protrudes. Abutting plywood edges may be chamfered. One 
face may be cut back 1/ 16 inch (1.6 mm) to provide a tight fit for the opposite face. 

2348.3.9 Nail- and pressure-gluing. Curved units shall be laminated over a form. Means shall be 
used that will provide close contact and substantially uniform pressure on panels and beams. 
Application of pressure or nailing may start at any point, but shall progress to an end or ends. 
Movement of the units shall not be permitted while the glue is setting. 

Where clamping or other positive mechanical means are used, the pressure on the net framing 
area shall be sufficient to provide adequate contact and ensure good glue bond. Pressure shall be 
uniformly distributed by caul plates, beams or other effective means. 

In place of mechanical pressure methods, nail-gluing may be used for bonding plywood to lum­
ber and plywood to plywood, but shall not be used for bonding lumber to lumber. Regardless of the 
method used, the resulting glue line must meet the required standards. Nails shall be at least 4d for 
plywood up to 318 inch (9.5 mm) thick, and 6d for 1/ 2-inch to 7 /g-inch (13 mm to 22 mm) plywood, 
and 8d for l-inch to 11/ 8-inch (25 mm to 29 mm) plywood. Nails shall be spaced not to exceed 3 
inches (76 mm) along the ribs for plywood through 3;8 inch (9.5 mm), or 4 inches (102 mm) for 
plywood 1/z inch (13 mm) and thicker, using one line for glue lines 2 inches (51 mm) wide or less, 
two lines for glue lines more than 2 inches (51 mm) wide and up to 4 inches (102 mm) wide, three 
lines for glue lines up to 10 inches (254 mm) wide and four lines for 12-inch-wide (305 mm) glue 
lines. (If shorter nail lengths are used in order to avoid penetrating the opposite face, spacing shall 
be decreased in proportion to actual penetration.) 

Panels having solid plywood cores may be glued using staples or nails, following a schedule of 
demonstrated effectiveness, but in no case spaced farther apart than 6 inches (152 mm) both ways. 
Length of fasteners is limited by the available thickness of the laminations. Additional nailing, into 
temporary solid framing, may be required to provide close contact for adequate glue bonds. 

In any case, it shall be the responsibility of the fabricator to produce a glue bond which meets or 
exceeds the requirements of this division. 

2348.3.10 Insulation and ventilation. In hollow panels, insulating and vapor-barrier materials 
and ventilation provided as specified in the design shall be securely fastened in the assembly in such 
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a way that they cannot interfere with the process of gluing the plywood skins to the framing 
members or with the ventilation pattern. 

When specified, longitudinal sections shall be vented through blocking and headers on the cool 
side of the insulation. Provision shall be made to line up the ventholes in assembling panels, with a 
definite ventilation pattern leading to the outdoors. Framing members shall not be notched for 
ventilation, unless shown on the approved plans. 

2348.4 Identification. Each member shall be identified by the appropriate trademark of the ap­
proved independent inspection and testing agency, legibly applied so as to be clearly visible. If the 
strength of one surface of a beam or panel is different from the other, the top surface shall be identi­
fied. 

2348.5 Test Samples. When glue bond test samples are taken from a member and from trim, they 
shall be taken as cores approximately 2 inches (51 mm) in diameter, drilled perpendicular to the 
plane of the skins or webs, and no deeper than 3/4 inch (19 mm) into any framing member. Samples 
at beam flanges shall be taken from the ends of the beams only. Centers of cores shall normally be 
located in the top corner of the beam at points within 2 inches (51 mm) from one edge and up to 6 
inches ( 152 mm) from the other. 

No samples shall be taken from the same skin or web closer together than 12 inches (305 mm), 
except as detailed in Exception 2. Samples shall be taken at a distance from the panel ends not 
greater than the panel depth. 

EXCEPTIONS: I. One sample may be taken from one of the outside longitudinal framing members, 
within the outer fourth points of the panel length, provided the framing member is notched no deeper than 1/2 
inch ( 13 mm) below its edge. The other outside longitudinal framing member may be sampled similarly, but 
at the opposite end of the panel. 

2. Two samples per butt joint at any one cross section may be taken from skin or web splice plates. They 
shall be located midway between longitudinal framing members, and shall be aligned longitudinally, one on 
each side of the butt joint. 

Samples through beam web splice plates shall be taken within the middle half of the span, at the 
center line of the beam depth. 

Where the core of curved panels consists of solid plywood or a solid core material, only one core 
shall be taken at any one cross section. Cross sections shall be no closer than 12 inches (305 mm) 
along the arc. Not more than four cores shall be taken from a 4-foot-wide (1219 mm) panel, with a 
proportionate number limited to other widths. Ribs in such panels shall be sampled as required by 
this section, except that at ribs the core shall not extend more than 3;4 inch (19 mm) into the rib. 

Samples may be taken from other locations when approved by the building official. 

2348.6 Testing of Glued Joints. 

2348.6.1 General. This section shall govern all glued joints which have not been subjected to 
prior inspection and testing such as the glue line between plywood and lumber as contained in 
ASTM D II 0 I and AITC 200. These joints shall be referred to as "secondary" glue lines. Glued 
joints subjected to prior testing such as those in plywood shall be referred to as "primary" glue lines. 
Before testing, specimens shall be allowed to cure. 

All secondary glue line testing shall be performed by approved testing agencies. Test specimens 
containing localized defects permitted by the grade of the material involved shall be discarded. 

2348.6.2 Lumber-plywood side grain combinations. 

2348.6.2.1 Selection of test samples. Lumber-plywood side grain samples shall be taken from 
members selected at random. They shall consist of 2-inch-diameter (51 mm) core of adequate depth 
and location to yield sufficient material on both sides of the secondary glue line. 

Members to be sampled shall be selected to include production variables such as different lots of 
material, glue batches, shifts and crews. 
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Trim may be acceptable in lieu of cores for sampling purposes if it is truly representative of the 
member. 

2348.6.2.2 Dry shear strength testing. Lumber and plywood side grain specimens shall be tested 
in a block shear tool with the load applied through a self-aligning seat to ensure uniform lateral dis­
tribution of the load. Rate of load application shall be 0.2 inch (5.1 mm) per minute. Ultimate load 
shall be read to the nearest 5 pounds (22.2 N) and wood failure shall be determined to the nearest 5 
percent. 

2348.6.2.3 Durability testing. 

2348.6.2.3.1 Interior. This test method shall be used in all cases where the durability requirement 
for the completed component is Interior. 

Lumber and plywood side grain specimens shall be submerged in water at room temperature for a 
period of four hours and then dried at a temperature between 100°F. and 105°F. (37.8°C. and 
40.6°C.) for a period of 19 hours with sufficient air circulation in drying cabinet to lower moisture 
content of specimen to a maximum of 8 percent based on oven-dry weight. This test procedure shall 
be conducted through three cycles, unless all specimens have failed. All specimens shall be in­
spected after the first and third cycles and all failures recorded. Total continuous delamination 1 
inch (25 mm) along the edge ofthe test specimen and 1/ 4 inch (6.4 mm) deep shall be considered as 
failure. 

2348.6.2.3.2 Exterior. This test method shall be used where the test specimen contains exteri­
or-type adhesives throughout and where the durability requirement for the completed component is 
Exterior. 

Lumber and plywood specimens shall be cycled by one of the following methods: 

1. Cold soak. Test specimens shall be submerged in water at room temperature for 48 hours and 
then dried for eight hours at a temperature of 145°F. (62.8°C.) [± 5°F. (2.8°C.)], followed by two 
cycles of soaking for 16 hours and drying for eight hours under conditions described above. The 
specimens shall be soaked again for a period of 16 hours. 

2. Vacuum pressure. Place the specimens in the pressure vessel and weight them down. Admit 
water at a temperature of 65°F. to 80°F. (18.3°C. to 26.7°C.) in sufficient quantity so that the speci­
mens are completely submerged. Separate the specimens by stickers, wire screens or other means in 
such a manner that all end grain surfaces are freely exposed to the water. Draw a vacuum of 20 in­
ches to 25 inches (67.5 kPa to 84.4 kPa) of mercury (at sea level) and hold for 30 minutes. Release 
the vacuum and apply a pressure of 40 plus or minus 5 pounds per square inch (275.8 kPa ± 34.5 
kPa) for two hours. 

While still wet the specimens shall be tested in accordance with the method specified above in 
Section 2348.6.2.2. 

2348.6.2.4 Performance requirements. 

2348.6.2.4.1 General. The minimum performance requirements for laboratory testing of all side 
grain glue joint specimens shall be as specified in this subsection. If two or more grain orientations 
are present in any one test run or combinations of test runs, an adjusted average shear stress 
performance requirement shall be computed by the weighted average method. 

2348.6.2.4.2 Dry shear strength requirements. The specimens shall have an average dry 
strength shear stress as set forth in Table 23-IV-G. 

2348.6.2.4.3 Interior durability requirement. Ninety-five percent of all specimens shall pass 
the first cycle and 85 percent shall pass three cycles. 

2348.6.2.4.4 Exterior durability requirement. Eighty-five percent of more wood failure shall 
be required for the overall average. Ninety percent of all specimens tested shall show 60 percent or 
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more wood failure, 80 percent of all specimens tested shall show 80 percent or more wood failure. 
Failure in any part of test specimen, except glue failure in the secondary glue bond tested, is wood 
failure. 

2348.6.3 Lumber end joints. 

2348.6.3.1 General. Plain scarf joints and finger joints shall be tested in accordance with the pro­
visions of ASTM D 1101 and AITC 200. 

2348.6.3.2 Selection of test samples. Test samples shall be obtained from full-size joints, or from 
scarf joints selected at random from routine production. The latter shall be taken from the center line 
of the lamination containing the scarf being sampled. No more than one sample shall be taken from 
any component cross section and scarf samples shall not be closer than 4 feet ( 1219 mm). 

2348.6.3.3 Dry tension testing. Specimens shall be tested in accordance with AITC 200. 

2348.6.3.4 Durability testing. 

2348.6.3.4.1 Interior. Test specimens shall be submerged in water at room temperature for a 
period of four hours and then dried at a temperature between 100°F. and 105°F. (37.8°C. and 
40.6°C.) for a period of 19 hours with sufficient air circulation in drying cabinet to lower moisture 
content of specimen to a maximum of 8 percent based on oven-dry weight. This test procedure shall 
be conducted through three cycles, unless all specimens have failed. 

The specimens then shall be tested dry in accordance with AITC 200. 

2348.6.3.4.2 Exterior. Test specimens shall be cycled by one of the following methods: 

1. Cold soak. Test specimens shall be submerged in water at room temperature for 48 hours and 
then dried for eight hours at a temperature of 145°F. (62.8°C.) [± 5°F. (2.8°C.)], followed by two 
cycles of soaking for 16 hours and drying for eight hours under conditions described above. The 
specimens shall be soaked again for a period of 16 hours. 

2. Vacuum pressure. Place the specimens in the pressure vessel and weight them down. Admit 
water at a temperature of 65°F. to 80°F. (18.3°C. to 26. 7°C.) in sufficient quantity so that the speci­
mens are completely submerged. Separate the specimens by stickers, wire screens, or other means 
in such a manner that all end grain surfaces are freely exposed to the water. Draw a vacuum of 20 
inches to 25 inches (67 .5 kPa to 84.4 kPa) of mercury (at sea level) and hold for 30 minutes. Release 
the vacuum and apply a pressure of 40 plus or minus 5 pounds per square inch (275.8 kPa ± 34.5 
kPa) for two hours. 

The specimens shall then be tested wet in accordance with AITC 200. 

2348.6.3.5 Performance requirements. 

2348.6.3.5.1 General. The minimum performance requirements for laboratory testing of all 
lumber end joint specimens shall be as specified in this subsection. 

2348.6.3.5.2 Dry tension stress requirements. The test specimens shall have the tension stresses 
set forth in Table 23-IV-H. No test value shall be less than twice the normal allowable stress. 

Dry tension wood failure requirements regardless of species shall average not less than 80 per­
cent except tests averaging at least 10,000 pounds per square inch (69 N/mm2) in tension shall not 
have less than 70 percent. The minimum requirement for 90 percent of the individual specimens 
shall not be less than 40 percent wood failure. 

2348.6.3.5.3 Interior durability requirement. Average wood failure shall not be less than 70 
percent. 

2348.6.3.5.4 Exterior durability requirement. Average wood failure shall not be less than 85 
percent and the minimum requirement for 90 percent of the individual specimens shall not be less 
than 50 percent. 
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2348.6.4.1 General. Plain plywood scarf joints shall be tested in accordance with the provisions 
of this section. Splice butt joints shall be tested as specified in Section 2348.6.2. 

2348.6.4.2 Selection of test samples. Full width scarfs shall be selected at random from routine 
production. A minimum of 2 percent of the scarfs produced shall be sampled. At least 20 specimens 
suitable for testing shall be obtained from each 4 feet (1219 mm) of scarf. They shall be equally 
distributed across the width. 

2348.6.4.3 Dry tension. Specimens shall be tested in a tension machine equipped with wedge­
type grips. Dry tension specimens shall be loaded at a rate of 0.4 inch ( 10 mm) per minute. Ultimate 
load shall be read to the nearest 5 pounds (22.2 N) and wood failure on the joined surface estimated 
to the nearest 5 percent. Wood failure shall be estimated on the scarf surface of the plies parallel to 
the direction of the tension load. 

2348.6.4.4 Durability. 

2348.6.4.4.1 Interior. Interior durability test specimens shall be sub-merged in water at room 
temperature for a period of four hours and then dried at a temperature between I 00°F. and I 05°F. 
(37.8°C. and 40.6°C.) for a period of 19 hours with sufficient air circulation in drying cabinet to 
lower moisture content of specimen to a maximum of 8 percent based on oven-dry weight. This test 
procedure shall be conducted through three cycles, unless all specimens have failed. Test 
specimens showing delamination on the face or end in excess of 1/ 16 inch (1.6 mm) deep and 1/2 inch 
( 13 mm) long at the scarf glue line shall be considered as failing. 

2348.6.4.4.2 Exterior. Exterior durability test specimens shall be cycled by one of the following 
methods: 

1. Cold soak. Test specimens shall be submerged in water at room temperature for 48 hours and 
then dried for eight hours at a temperature of 145°F. (62.8°C.) [± 5°F. (2.8°C.)], followed by two 
cycles of soaking for 16 hours and drying for eight hours under conditions described above. The 
specimens shall be soaked again for a period of 16 hours. 

2. Vacuum pressure. Place the specimens in the pressure vessel and weight them down. Admit 
water at a temperature of 65°F. to 80°F. (18.3°C. to 26. 7°C.) in sufficient quantity so that the speci­
mens are completely submerged. Separate the specimens by stickers, wire screens, or other means 
in such a manner that all end grain surfaces are freely exposed to the water. Draw a vacuum of 20 
inches to 25 inches of mercury (67 .5 kPa to 84.4 kPa) (at sea level) and hold for 30 minutes. Release 
the vacuum and apply a pressure of 40 ± 5 pounds per square inch (275.8 kPa ± 34.5 kPa) for two 
hours. 

While still wet, the specimens shall be tested in a tension machine equipped with wedge-type 
grips. Dry tension specimens shall be loaded at a rate of 0.4 inch (10 mm) per minute. Ultimate load 
shall be read to the nearest 5 pounds (22.2 N) and wood failure on the joined surface estimated to the 
nearest 5 percent. 

2348.6.4.5 Performance requirements. 

2348.6.4.5.1 General. The minimum performance requirements for laboratory testing of all 
lumber end joint specimens shall be as specified in this subsection. 

2348.6.4.5.2 Dry tension stress. The average tension stress for Group 1 shall be 4,000 pounds per 
square inch (28 N/mm2); for Grou~s 2 and 3, 2,800 pounds per square inch ( 19 N/mm2); and 2,400 
pounds per square inch ( 17 N/mm ) for Group 4, all adjusted as required for inner ply species. Re­
gardless of species, wood failure shall average not less than 80 percent and the minimum require­
ment for 90 percent of the individual test specimens shall not be less than 50 percent. 

2348.6.4.5.3 Durability requirements. 

1. Interior. Ninety-five percent of all test specimens shall pass one cycle and 85 percent shall 
pass three cycles. 
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2. Exterior. Average wood failure shall not be less than 85 percent. 

SECTION 2349- ALL-PLYWOOD BEAMS 

2349.1 Scope. This part covers requirements for the design of all-plywood beams as referred to in 
Section 2313. 

2349.2 Definition. All-plywood beams are staple-glued structural units consisting of one or more 
vertical layers of butt-jointed plywood for webs which resist both bending and shear forces. Ply­
wood web splice plates located at web joints, and/or one or more vertical layers of butt-jointed ply­
wood for flanges, may also be staple glued to the webs for added resistance to shear and bending 
forces, if necessary. Plywood web stiffeners are staple-glued to single-layer webs to distribute con­
centrated loads and resist web buckling at end supports and interior concentrated load points. (For 
design of plywood beams consisting of plywood webs attached to lumber flanges, see Section 2346 
of this division. 

2349.3 Allowable Stresses. Allowable stresses for plywood used in all-plywood beams shall not 
exceed the values set forth in Table 23-1-B, except that allowable bending stress may be multiplied 
by 2 for tive-ply, five-layer plywood, and by 1.7 for three-, four- or five-ply, three-layer plywood. 
Five-ply, five-layer plywood with butt-jointed center ply shall be considered as three-layer ply­
wood for design purposes. 

2349.4 Design. 

2349.4.1 Bending. The allowable resisting moment for a beam section shall not exceed the value 
established by the following formula: 

M =fl 
z 

WHERE: 

f allowable working stress in bending for plywood, in pounds per square inch (N/mm2). 

Also, see Section 2349.3. 

I the minimum net moment of inertia, in inches to the fourth power (mm4), of all continuous 
parallel grain material at any beam section containing a web or flange butt joint. Location 
of the neutral axis shall be calculated without considering butt joints in the web of flanges 
(if used). Also, see Section 2349.6.2. A web splice plate (if used) shall be included in the 
net amount of inertia only if directly glued to the web layer containing the butt joint. 

M = resisting moment in inch-pounds (N·mm). 
Z = distance in inches (mm) from the neutral axis to the extreme fiber in bending. 

2349.4.2 Horizontal shear. The allowable shear on the plywood web shall not exceed the value 
established by the following formula: 

WHERE: 

V = vl""2:.t 
Q 

I = total moment of inertia, in inches to the fourth power (mm4), of all parallel grain material 
in the web and flanges regardless of butt joints. Stiffeners or web splice plates shall be 
disregarded. 

Q = statical moment about the neutral axis, in inches to the third power (mm3), of all parallel 
grain material in the web and flanges, regardless of butt joints, lying above (or below) the 
neutral axis. Stiffeners or web splice plates shall be disregarded. 

V = allowable total shear on the section, in pounds (N). Loads may be disregarded that are lo­
cated within a distance from the support equal to the beam depth. 
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v = allowable plywood shear stress through the panel thickness, in pounds per square inch 
(N/mm2). 

L.t = total shear thickness of continuous webs (and/or web splice plates and stiffeners, if appli-
cable) at the neutral axis of the section, in inches (mm). Also, see Section 2349.6.2. 

2349.4.3 Flange-web shear (rolling shear). For beams containing plywood flanges, the allow­
able flange-web shear on glued joints shall not exceed the value established by the following formu­
la: 

WHERE: 
d depth of contact area between flange and web, in inches (mm). 
I = total moment of inertia, in inches to the fourth power (mm4), of all parallel grain material 

in the web and flanges regardless of butt joint. Stiffeners or web splice plates shall be dis­
regarded. 

n number of contact surfaces between web and flange. 
Q1z statical moment about the neutral axis, in inches to the third power (mm3), of all parallel 

grain material in the upper (or lower) flanges, regardless of butt joints. 
s one half of the allowable plywood rolling shear stress, in pounds per square inch 

(N/mm2). 

V allowable total shear on the section, in pounds (N). Loads may be disregarded that are lo-
cated within a distance from the support equal to the beam depth. 

2349.4.4 Lateral stability. The compression edges of the beam shall be positively restrained 
from lateral buckling, as by fastening to structural panel sheathing, framing spaced no further than 
24 inches (610 mm) on center, and/or by ceiling material. 

2349.4.5 Connections. Bolts, lag screws or other similar large-diameter connectors shall not be 
used in web or flange tension areas where bending stresses exceed the allowable values set forth in 
Table 23-I-B. 

2349.5 Materials. 

2349.5.1 Plywood. Plywood shall be as required in Section 2348.2.1. Plywood pieces cut 41 /z in­
ches (114 mm) or less in width for flanges shall be visually inspected after cutting for size of knots. 
Pieces containing knots in face or back plies larger than two thirds of the flange width shall not be 
used in fabricating flanges for all-plywood beams. 

2349.5.2 Glue. Glue shall be as specified in Section 2348.2.3. 

2349.5.3 Staples. Staples shall be 16 gage by 7t16-inch (1.6 mm by 11 mm) crown, made from 
galvanized steel wire. Staple length shall be 1/s inch (3.2 mm) less than the total thickness of materi­
alsjoined. 

2349.6 Fabrication. 

2349.6.1 General. Plywood beams shall be fabricated with glue and staples. Plywood face grain 
for webs, flanges, web splice plates and stiffeners shall be oriented parallel to the span (i.e., 
horizontally). 

2349.6.2 Web and flange end joints. End joints in plywood webs and flanges shall be located as 
specified in the design. Joints in any web or flange lamination shall be spaced at least 24 inches (610 
mm) from the nearest joint in any other lamination. In single-web beams, joints in webs shall be 
located at least 24 inches (610 mm) from any end or interior support. 
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Butt joints at ends of plywood web or flange pieces shall be trimmed square and tightly butted 
[maximum gap 1/32 inch (0.8 rum)]. 

2349.6.3 Adhesive application. Adhesive shall be spread uniformly over the full contact area of 
mating web and/or flange surfaces. 

If web or flange laminations are glued under pressure, such pressure shall be applied by clamping 
or other mechanical means. Pressure shall be sufficient to provide adequate contact and ensure 
good glue bonds [ 100 to 150 psi (689 to 1034 kPa) is suggested, unless otherwise specified by the 
adhesive manufacturer]. Movement of the members shall be prevented until the adhesive develops 
sufficient handling strength as recommended by the adhesive manufacturer. 

In any case, it shall be the responsibility of the fabricator to produce a glue bond which meets or 
exceeds applicable specifications. 

2349.6.4 Staple installation. Staples shall be installed with their crowns parallel to the plywood 
face-grain direction. Staple spacing shall be as shown in Figure 23-IV-l. 

Installation of staples may start at any point but shall progress to the end or ends of each piece. 
Pressure may be needed during stapling to flatten webs and flanges to ensure uniform contact be­
tween mating glued surfaces. 

2349.6.5 Web splices. Splices at butt joints in webs shall be as specified in the design. Butt joints 
shall be spliced with a plywood plate centered over the joint. The splice plate shall be glued over its 
full contact area and stapled to the web in accordance with Figure 23-IV-l. The plate shall extend to 
at least 1/4 inch (6.4 mm) of each flange (if applicable); shall be equal in thickness to the web; shall 
be of a length as specified in the design or in Table 23-IV-B; and shall have its face-grain direction 
parallel with that of the web. In multiple-layer webs, the splice plate shall be directly glued to the 
web containing the butt joint. 

2349.6.6 Web stiffeners. Stiffeners for single-layer webs shall be located as shown in the design, 
but in any case they shall be placed at end supports and at interior concentrated-load points. 

The stiffeners shall consist of a plywood plate glued over its full contact area and stapled to the 
web in accordance with Figure 23-IV-I. The plate shall extend to at least 1 I 4 inch ( 6.4 mm) of each 
flange (if applicable); shall be at least equal in thickness to the web; shall be of a length as specified 
in the design, but in no case less than 10 inches (254 mm); and shall have its face-grain direction 
parallel with that of the web. The end or ends of the stiffener shall extend at least 6 inches (!52 mm) 
beyond the edges of the support at the end and any interior supports. 

Single-layer webs shall be reinforced at cutouts with a plywood web stiffener. 

2349.7 Identification. Each member shall be identified as specified in Section 2348.4. 

2349.8 Test Samples. Test samples shall be as specified in Section 2348.5. 

2349.9 Testing of Glued Joints. Plywood splice butt joints shall be tested as specified in Section 
2348.6.2. 
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TABLE 23-IV-A-BASIC SPACING 

PLYWOOD THICKNESS 
BASIC SPACING "b" (Inches) 

(Inches) "25.4formm 

Face Grain Parallel to Face Grain Per~ndicular to 
x 25.4for mm PLYWOOD FINISH Longitudinal Members Longitudlna Members 

114 
51t6 
31s 
31s 
31s 
I lo 
51~ 
314 
718 
I 
I 

Sanded 10.3 11.6 
Rough 11.9 16.8 
Rough (3-ply) 14.2 20.1 
Sanded (3-ply) 16.4 16.4 
Sanded (5-ply) 18.1 20.2 
Rough and sanded (5-ply) 23.2 28.5 
Rough and sanded (5-ply) 29.1 35.6 
Rough and sanded (5-ply) 38.2 38.2 
Sanded (7-ply) 41.6 48.1 
Rough (7-ply) l 45.5 58.9 
Sanded 0-plyJ 54.5 47.9 

-·-··-

TABLE 23-IV-B-LENGTH OF SPLICE PLATES 

THICKNESS OF SKIN 
(inches) 

LENGTH OF SPLICE PLATE 
(inches) 

'14 
5h6 

·11s (sanded) 
31s (unsanded) 

~h 
Is 

3;4 

x 25.4for mm 

6 
8 
10 
12 
14 
16 
16 

TABLE 23-IV-C-ALLOWABLE PLYWOOD TENSION 
STRESS FOR BUTI JOINT SPLICE1 

PLYWOOD THICKNESS ALL STRUCT. I GROUP2AND 
(Inches) GRADES GROUP1 GROUP3 GROUP4 

x25.4for mm x 0.00689 for Nlmm2 

1/4 ! 
51t6 1,200 960 800 720 31s sanded 

3/s unsanded 

'h 1,200 800 760 720 

5/s and 314 960 640 600 560 

' 

1These values are ba~ed upon stress acting parallel to the face grain and must be reduced in accordance with Table 
23-1-B for stresses perpendicular or at 45 degrees to face grain. In addition, stresses are based upon a ratio of width 
of splice plate to the width of the stressed skin of 80 percent. Where othe1 ratios are used, the allowable stress shall 
be adjusted accordingly. For applicable species group~ for unsanded panels. refer to Footnote I of Table 23-1-B. 
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TABLE 23-IV-D-BRACING FOR DEEP NARROW BEAM 

1_,. 
ly 

Not more than 5 

More than 5 to not more than l 0 

More than 10 to not more than 20 

More than 20 to not more than 30 

More than 30 to not more than 40 

More than 40 

--

TYPE OF BRA CING REQUIRED 

None required 

Ends held in position at bottom flan gcs at supports 

tom flanges at supports Ends held in position at top and hot1 

supported in accordance with Section Top or bottom flange continuously' 
2346.3.1.3 

Beam restrained by bridging or oth 
(2438 mm) on center 

Bridging at 8 feet (2438 mm) on ct 
continuously supported in accordat 

--·---~" ~~ 

er bracing at not more than 8 feet 

nter and compression tlanges 
ce with Section 2346.3. 1.3 

TABLE 23-IV-E-AREA REDUCTION FACTORS 

BUTI JOINT SPACING 
T = LAMINATION THICKNESS 

30T 

PERCENT OF GROSS ~ REA OF ADJACENT LAMINATION EFFECTIVE 

'10 
20T xo 
lOT 60 

Less than JOT () 
-----

TABLE 23-IV-F-WEB STIFFENER SPACING 

CLEAR DISTANCE BETWEEN FLANGES 

PLYWOOD WEB THICKNESS 
(inches) 

(inches) 10 20 -30 =~-~50 60or More 

x 25.4 for mm 
-

3/x 15 15 15 15 15 15 
1;, 27 22 22 22 22 22 
y 48 2') 28 28 28 28 
'I~ 4X 38 .15 14 34 34 
7/x 48 48 41 w 39 3') 

l 48 48 48 48 46 45 
I '116 48 48 48 48 48 48 

-

TABLE 23-IV-G-DRY SHEAR STRENGTH STRESS REQUIREMENTS1 

AVERAGE SHEAR STRESS 
GRAIN ORIENTATION OF LUMBER OR PLYWOOD WITH (pounds per square inch) 

RESPECT TO ADJACENT PLY OR LUMBER LAMINATION ' 0.00689 for N/mm2 

(Douglas Fir and Southern Pine) 
-------------~ 

Parallel 
45° 
Perpendicular 

Parallel 
45° 
Perpendicular 

r------
(Other Species) 

650 
500 
250 

520 
400 
200 

1The minimum shear test value shall not be less than twice the nomwl allowable rolling shear value. 
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TABLE 23-IV-H-DRV TENSION STRESS 

I 
MINIMUM TENSION STRESS FOR AT LEAST 

AVERAGE TENSION STRESS 80 PERCENT OF SPECIMENS 
(pounds per square inch) (pounds per square inch) 

x 0.00689 lor N/mm2 

[Douglas Fir (Coasltype) and Southern Pine] 

7.000 

6.000 

Web (field) 

I 6,000 

(Other Species) 

~--L __ --= ~- 5.000 

16 ga. (1.6 mm) staples (•:rown parallel 
to face grain i 

6'('52mE • " • < } 
t e ~ :j l 1 

1 .. (25 mm) (typical) 1.---
Face grain (typical) 

FIGURE 23-IV-1-STAPLE SPACING FOR PLYWOOD WEBS, FLANGES, 
SPLICE PLATES AND STIFFENERS 
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Web(s 

I 

I 

I II I ' 

1 
114' (6.4 mm) (maximu.m) 

3" (76 mm) o.c. --t-.i \.-- 1" (25 mm:o (typocal) 

Web Ooint) 
16 oa. (1.6 lie/ 

~ ' .. ' .A."~ 

1 l 
1 

1 1 
l \ 1 

lll T 

~
1 1 

~~ , mm)oc 
76 mm) 1 

1 - ~ ~ 
1" 2 r- ( 5 mm) (typ•cal)l 

12" 
(305 mm) 

FIGURE 23-IV-1-(Continued) 
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Web (stiffene 

3" (76 mm) oc-+--+1 j 

_L 
4" (102 r:r 

6" (152 mm) (m 

.L T T 

··~ 

114' (6.4 mm) (maximum) 

~-. 

~ 
(254 mm) 
(minimum) 

es (crown parallel 

\ 
\ 

- -

Flange 

[

16 ga. (1.6 mm) staples (crown parallel 
to face grain) 

}.1 I I 1 rl 

/l u l 1 l ~ 
_J 6" 1.-

(152 mm) o.c. 

FIGURE 23-IV-1-(Continued) 

_L1" !25 mm) (typical) -, 

23-IV-1 
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Division V-DESIGN STANDARD FOR SPAN TABLES FOR 
JOISTS AND RAFTERS 

SECTION 2350 - SCOPE 

This standard covers the loading (DL and LL) and deflection criteria used to establish the allowable 

I spans in Tables 23-I-V-J-1 through 23-I-V-R-12 and the tables of this division. The tables in this 
standard are intended for light-frame construction. 

SECTION 2351 - DESIGN CRITERIA FOR JOISTS AND RAFTERS 

I The allowable spans of tables of this standard and Tables 23-I-V-J-1 through 23-I-V-R-12 of Divi­
sion I arc calculated on the basis of a series of modulus of elasticity (E), and fiber stress (f/,) values. 
The range of values in the tables provides allowable spans for all species and grades of nominal 
2-inch lumber customarily used in construction. The allowable span is the clear distance between 
supports. For sloping rafters the span is measured along the horizontal projection. 

SECTION 2352- LUMBER STRESSES 

The usc of the span tables requires reference to the list of single or repetitive member bending stress 
I values (f/,) and modulus of elasticity values (E) from Tables 23-I-X-1 and 23-I-X-2 of Division I. 

SECTION 2353- MOISTURE CONTENT 

Tabulated spans are calculated on the basis of the dry sizes and are also applicable to the corre­
sponding green sizes. The spans in these tables are intended for use in covered structures or where 
moisture content in use does not exceed 19 percent. 

SECTION 2354 - LUMBER SIZE 

Tabulated spans apply to surfaced (S4S) lumber having dimensions which conform to U.B.C. 
Standard 23-1. 

SECTION 2355 - SPAN TABLES FOR JOISTS AND RAFTERS 

The following tables are based on the design criteria set forth in each table and of this standard. 
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TABLE 23-V-J-1-FLOOR JOISTS WITH U360 DEFLECTION LIMITS 
The allowable bending stress (Fb) and modulus of elasticity (e) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITERIA: 
Deflection- For 50 psi (2.4 kNtm2) live load. 
Limited to span in inches (mm/ divided b~ 360. 
Strength- Live load of 50 ps (2.4 kN/m ) plus dead load of 10 psi (0.48 kNfm2) determines the required bending design value. 

Joist 
Size Spacing Modulus of Elasticity, E, In 1 ,000,000 psi (x 0.00689 for Nlmm2) 
(In) (In) 

x25.4formm 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 

12.0 7-11 8-3 8-6 8-9 9- 1 9-3 9-6 9-9 9-11 10-2 10-4 10-6 10-9 10-11 11- 1 11-3 11-5 

16.0 7-2 7-6 7-9 
2x6 

8-0 8-3 8-5 8-8 8-10 9- 1 9-3 9-5 9-7 9-9 9-11 10- 1 10-2 10-4 

19.2 6-9 7-0 7-3 7-6 7-9 7-11 8-2 8-4 8-6 8-8 8-10 9-0 9-2 9-4 9-6 9-7 9-9 

24.0 6-3 6-6 6-9 7-0 7-2 7-4 7-7 7-9 7-11 8- 1 8-3 8-4 8-6 8-8 8-9 8-11 9- 1 

12.0 10-5 10-10 11-3 11-7 11-11 12- 3 12-7 12-10 13- 1 13-5 13- 8 13-11 14-2 14-4 14-7 14-10 15-0 

16.0 9-6 9-10 10-2 10-6 10-10 11- 1 11-5 11- 8 11-11 12- 2 12-5 12-7 12-10 13- 1 13-3 13-5 13-8 
2x8 

19.2 8-11 9-3 9-7 9-11 10-2 10-6 10-9 11-0 11- 3 11-5 11- 8 11-11 12- 1 12- 3 12-6 12-8 12-10 

24.0 8-3 8-7 8-11 9-2 9-6 9-9 10-0 10-2 10-5 10-8 10-10 11-0 11-3 11-5 11-7 11-9 11-11 

12.0 13-3 13-10 14-4 14-9 15-2 15- 7 16-0 16-5 16-9 17- 1 17-5 17-9 18-0 18-4 18- 7 18-11 19-2 

16.0 12- 1 12-7 13-0 13- 5 13-10 14-2 14-7 14-11 15- 2 15-6 15-10 16- 1 16-5 16-8 16-11 17-2 17-5 
2 X 10 

19.2 11-4 11-10 12- 3 12-8 13-0 13-4 13-8 14-0 14-4 14-7 14-11 15- 2 15- 5 15- 8 15-11 16-2 16-5 

24.0 10-7 11-0 11-4 11-9 12- 1 12-5 12-8 13-0 13-3 13-7 13-10 14- 1 14-4 14-7 14-9 15-0 15- 2 

12.0 16-2 16-10 17- 5 18-0 18-6 19-0 19-6 19-11 20-4 20-9 21-2 21-7 21-11 22-3 22- 8 23-0 23-4 

16.0 14-8 15- 3 15-10 16-4 16-10 17- 3 17-8 18- 1 18-6 18-10 19-3 19-7 19-11 20-3 20-7 20-10 21-2 
2x 12 

19.2 13-10 14-4 14-11 15-4 15-10 16- 3 16-8 17-0 17-5 17-9 18- 1 18- 5 18-9 19- 1 19-4 19-8 19-11 

24.0 12-10 13-4 13-10 14-3 14-8 15- 1 15-5 15-10 16-2 16-6 16-10 17- 1 17-5 17-8 18-0 18- 3 18-6 

12.0 743 803 862 918 973 1,026 1,078 1,129 1,179 1,228 1,275 1,322 1,368 1,413 1,458 1,502 1,545 

16.0 817 884 949 1,011 1,071 1,130 1,187 1,243 1,298 1,351 1,404 1,455 1,506 1,555 1,604 1,653 1,700 
Fb 

19.2 869 940 1,008 1,074 1,138 1,201 1,261 1,321 1,379 1,436 1,491 1,546 1,600 1,653 1,705 1,756 1,807 

24.0 936 1,012 1,086 1,157 1,226 1,293 1,359 1,423 1,485 1,547 1,607 1,666 1,724 1,781 1,837 1,892 1,946 

! NOTE: The required bending design value, Fb. in pounds per square inch (N/mm2) is shown at the bottom of this table and is applicable to all lumber sizes shown. Spans 
m are shown in feet-inches (1 foot= 304.8 mm, 1 inch= 25.4 mm) and are limited to 26 feet (7925 mm) and less. Check sources of supply for availability of lumber 
w in lengths greater than 20 feet (6096 mm). 
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TABLE 23-V-J-2-FLOOR JOISTS WITH U360 DEFLECTION LIMITS 
The allow;~ble bending stress (Fb) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITERIA: 
Deflection- For 60 psi {2.87 kNfm2) live load. 
Limited to span in inches {mm) divided by 360. 
Strength- Live load of 60 psi {2.87 kNfm2) plus dead load of 10 psi {0.48 kNfm2) determines the required bending design value. 

Joist 
Size 
(In) 

Spaclllg 
(In) 

Modulus of Elasticity, E, in 1 ,000,000 psi (x 0.00689 lor Nimm2) 

x25.41ormm 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 

12.0 7-5 7-9 8-0 8-3 8-6 8-9 8-ll 9-2 9-4 9-7 9-9 9-II 10- I 10-3 10-5 10-7 10-9 

16.0 6-9 
2x6 

7-0 7-3 7-6 7-9 7-ll 8-2 8-4 8-6 8-8 8-10 9-0 9-2 9-4 9-6 9-7 9-9 

19.2 6-4 6-7 6-10 7- I 7-3 7-6 7-8 7-10 8-0 8-2 8-4 8-6 8-8 8-9 8-II 9-0 9-2 

24.0 5-11 6-2 6-4 6-7 6-9 6-11 7- I 7-3 7-5 7-7 7-9 7-10 8-0 8-2 8-3 8-5 8-6 

12.0 9-10 10-2 10-7 10-ll II- 3 II- 6 ll-10 12- I 12-4 12-7 12-10 13- I 13-4 13-6 13-9 13-II 14-2 

16.0 8-II 
2x8 

9-3 9-7 9-II 10-2 10-6 10-9 II- 0 II- 3 II- 5 II- 8 II-II 12- I 12- 3 12-6 12- 8 12-10 

19.2 8-5 8-9 9-0 9-4 9-7 9-10 10- I 10-4 10-7 10-9 II- 0 II- 2 II- 4 11-7 II- 9 II-II 12- I 

24.0 7-9 8- I 8-5 8-8 8-ll 9-2 9-4 9-7 9-10 10-0 10-2 10-5 10-7 10-9 !O-Il II- I II- 3 

12.0 12-6 13-0 13-6 13-II 14-4 14-8 15- I 15-5 15- 9 16- I 16-5 16- 8 17-0 17-3 17-6 17-9 18-0 

16.0 II- 4 II-10 12-3 
2x 10 

12-8 13-0 13-4 13-8 14-0 14-4 14-7 14-11 15-2 15-5 15- 8 15-11 16-2 16-5 

19.2 10-8 II- I II- 6 II-II 12- 3 12-7 12-11 13-2 13-6 13-9 14-0 14-3 14-6 14-9 15-0 15-2 15-5 

24.0 9-11 10-4 10-8 II- 0 II- 4 II- 8 II-II 12-3 12-6 12-9 13-0 13-3 13-6 13-8 13-ll 14- I 14-4 

12.0 15-2 15-10 16-5 16-11 17-5 17-11 18-4 18-9 19-2 19-7 19-11 20- 3 20-8 21-0 21-4 21- 7 21-ll 

16.0 13-10 14-4 14-11 15-4 15-10 16-3 16-8 17-0 
2x 12 

17- 5 17-9 18- I 18-5 18-9 19- I 19-4 19- 8 19-II 

19.2 13-0 13-6 14-0 14-5 14-II 15- 3 15-8 16-0 16-5 16-9 17-0 17-4 17- 8 17-II 18-3 18-6 18-9 

24.0 12- I 12-7 13-0 13-5 13-10 14-2 14-7 14-11 15- 2 15- 6 15-10 16- I 16- 5 16-8 16-11 17-2 17- 5 

12.0 767 830 890 949 1,005 1,061 1,114 1,167 1,218 1,268 1,317 1,366 1,413 1,460 1,506 1,551 1,596 

16.0 844 913 980 1,044 1,107 1,167 1,226 1,284 1,341 1,396 1,450 1,503 1,556 1,607 1,658 1,707 1,757 
Fb 

19.2 897 971 1,041 1,110 1,176 1,240 1,303 1,365 1,425 1,483 1,541 1,597 1,653 1,708 1,761 1,814 1,867 

24.0 967 1,046 1,122 1,195 1,267 1,336 1,404 1,470 1,535 1,598 1,660 1,721 1,781 1,840 1,897 1,955 2,0II 

NOTE: The required bending design value, Fb. in pounds per square inch (N/mm2) is shown at the bottom of this table and is applicable to all lumber sizes shown. Spans 
are shown in feet-inches (I foot= 304.8 mm, I inch= 25.4 mm) and are limited to 26 feet (7925 mm) and less. Check sources of supply for availability oflumber in 
lengths greater than 20 feet (6096 mm). 

.... 
! 
c z 
~ 
:II 
i: 
Ill 
c 
;= 
0 z 
G) 

0 
0 
0 
m 



TABLE 23-V-J-3--FLOOR JOISTS WITH U360 DEFLECTION LIMITS 
The allowable bending stress (Fb) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23·1-X-2 only. 

DESIGN CRITERIA: 
Deflection - For 50 psf (2.4 kNJm2) live load. 
Limited to span in inches (mm/ divided b~ 360. 
Strength- Live load of 50 ps (2.4 kN/m ) plus dead load of 20 psf (0.96 kNJm2) determines the required bending design value. 

Joist 
Size Spacing Modulus of Elasticity, E, In 1,000,000 psi (x 0.00689 lor Nlmm:lj 
(In) (In) 

x25.41ormm 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 

12.0 7-11 8-3 8-6 8-9 9- 1 9-3 9-6 9-9 9-11 10-2 10-4 10-6 10-9 10-11 11- I 11-3 11- 5 

16.0 7-2 7-6 7-9 
2x6 

8-0 8-3 8-5 8-8 8-10 9- I 9-3 9-5 9-7 9-9 9-11 10- I 10-2 10-4 

19.2 6-9 7-0 7-3 7-6 7-9 7-11 8-2 8-4 8-6 8-8 8-10 9-0 9-2 9-4 9-6 9-7 9-9 

24.0 6-3 6-6 6-9 7-0 7-2 7-4 7-7 7-9 7-11 8- I 8-3 8-4 8-6 8-8 8-9 8-11 9- I 

12.0 10-5 10-10 11-3 11-7 11-11 12- 3 12-7 12-10 13- I 13-5 13- 8 13-11 14-2 14-4 14-7 14-10 15-0 

16.0 9-6 9-10 10-2 
2x8 

10-6 10-10 11- I 11-5 II- 8 11-11 12-2 12- 5 12-7 12-10 13- I 13-3 13-5 13-8 

19.2 8-11 9-3 9-7 9-11 10-2 10-6 10-9 11-0 11-3 11-5 11-8 11-11 12- 1 12- 3 12-6 12- 8 12-10 

24.0 8-3 8-7 8-11 9-2 9-6 9-9 10-0 10-2 10-5 10-8 10-10 11-0 11- 3 11-5 11-7 11-9 11-11 

12.0 13- 3 13-10 14-4 14-9 15-2 15-7 16-0 16-5 16-9 17- I 17-5 17-9 18-0 18-4 18-7 18-11 19-2 

16.0 12- I 
2x 10 

12-7 13-0 13-5 13-10 14-2 14-7 14-11 15- 2 15- 6 15-10 16- I 16-5 16-8 16-11 17-2 17-5 

19.2 II- 4 11-10 12- 3 12- 8 13-0 13-4 13- 8 14-0 14-4 14-7 14-11 15-2 15-5 15-8 15-11 16-2 16- 5 

24.0 10-7 11-0 11-4 11-9 12- I 12-5 12- 8 13-0 13-3 13-7 13-10 14- I 14-4 14-7 14-9 15-0 15- 2 

12.0 16-2 16-10 17-5 18-0 18-6 19-0 19-6 19-11 20-4 20-9 21-2 21-7 21-11 22-3 22-8 23-0 23-4 

16.0 14-8 
2 X 12 

15-3 15-10 16-4 16-10 17-3 17- 8 18- I 18-6 18-10 19-3 19-7 19-11 20-3 20-7 20-10 21-2 

19.2 13-10 14-4 14-11 15-4 15-10 16-3 16-8 17-0 17-5 17-9 18- I 18-5 18-9 19- I 19-4 19-8 19-11 

24.0 12-10 13-4 13-10 14-3 14-8 15- 1 15-5 15-10 16-2 16-6 16-10 17- I 17-5 17- 8 18-0 18-3 18-6 

12.0 866 937 1,005 1,071 1,135 1,198 1,258 1,317 1,375 1,432 1,488 1,542 1,596 1,649 1,701 1,752 1,802 

16.0 954 1,032 1,107 1,179 1,250 1,318 1,385 1,450 1,514 1,576 1,637 1,698 1,757 1,815 1,872 1,928 1,984 
Fb 

19.2 1,013 1,096 1,176 1,253 1,328 1,401 1,472 1,541 1,609 1,675 1,740 1,804 1,867 1,928 1,989 2,049 2,108 

24.0 1,092 1,181 1,267 1,350 1,430 1,509 1,585 1,660 1,733 1,804 1,874 1,943 2,011 2,077 2,143 2,207 2,271 

! NOTE: The required bending design value, Fb, in pounds per square inch (N/mm2) is shown at the bottom of this table and is applicable to all lumber sizes shown. Spans 
..... are shown in feet-inches (1 foot= 304.8 mm, I inch= 25.4 mm) and are limited to 26 feet (7925 mm) and less. Check sources of supply for availability of lumber in 
8: lengths greater than 20 feet (6096 mm). 
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TABLE 23-V-J-4-FLOOR JOISTS WITH U360 DEFLECTION LIMITS 
The allowable bending stress (Fb) and modulus of elasticity (f) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only . 

DESIGN CRITERIA: 
Deflection- For 60 psi (2.87 kN/m2) live load. 
Limited to span in inches (mm) divided by 360. 
Strength- Live load of 60 psi (2.87 kNfm2) plus dead load of 20 psi (0.96 kNfm2) determines the required bending design value. 

Joist 
Size Spacing Modulus of Elasticity, E, in 1,000,000 psi (x 0.00689 for N/mm2) 
(in) (In) 

x25.4formm 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 

12.0 7-5 7-9 8-0 8-3 8-6 8-9 8-11 9-2 9-4 9-7 9-9 9-11 10- I 10-3 10-5 10-7 10-9 

16.0 6-9 7-0 7-3 7-6 7-9 7-11 8-2 8-4 8-6 8-8 8-10 9-0 9-2 9-4 9-6 9-7 9-9 
2x6 

19.2 6-4 6-7 6-10 7- I 7-3 7-6 7-8 7-10 8-0 8-2 8-4 8-6 8-8 8-9 8-11 9-0 9-2 

24.0 5-11 6-2 6-4 6-7 6-9 6-11 7- I 7-3 7-5 7-7 7-9 7-10 8-0 8-2 8- 3 8-5 8-6 

12.0 9-10 10-2 10-7 10-11 11-3 11-6 11-10 12- I 12-4 12-7 12-10 13- I 13-4 13-6 13-9 13-11 14-2 

16.0 8-11 9-3 9-7 9-11 10-2 10-6 10-9 11-0 II- 3 11- 5 11-8 11-11 12- I 12- 3 12-6 12- 8 12-10 
2x8 

19.2 8-5 8-9 9-0 9-4 9-7 9-10 10- I 10-4 10-7 10-9 11-0 11-2 11-4 11-7 11-9 11-11 12- I 

24.0 7-9 8- I 8-5 8-8 8-11 9-2 9-4 9-7 9-10 10-0 10-2 10-5 10-7 10-9 10-11 ll- I ll- 3 

12.0 12-6 13-0 13-6 13-11 14-4 14-8 15- I 15- 5 15-9 16- I 16-5 16- 8 17-0 17-3 17-6 17-9 18-0 

16.0 11-4 11-10 12-3 I2- 8 13-0 13-4 13-8 I4- 0 I4- 4 14-7 I4-ll I5- 2 15-5 15- 8 I5-11 16-2 16-5 
2 X 10 

I9.2 10-8 11- I II- 6 JI-ll I2- 3 I2- 7 12-11 13-2 13-6 13-9 14-0 14-3 I4- 6 I4- 9 I5- 0 15-2 15-5 

24.0 9-ll 10-4 10-8 ll- 0 ll- 4 II- 8 ll-11 12- 3 12-6 I2- 9 13-0 13-3 13-6 13-8 13-11 I4- I I4- 4 

12.0 15- 2 15-10 I6- 5 I6-ll 17-5 17-II I8- 4 18-9 I9- 2 I9-7 19-ll 20-3 20-8 21-0 2I- 4 21-7 21-11 

16.0 13-10 14-4 14-II 15-4 15-10 I6- 3 I6- 8 I7- 0 17-5 I7- 9 18- I 18-5 18-9 I9- I 19-4 19-8 I9-JJ 
2x 12 

19.2 13-0 13-6 14-0 I4- 5 I4-11 15-3 I5- 8 16-0 16-5 16-9 I7- 0 I7- 4 I7- 8 17-11 I8- 3 I8- 6 18-9 

24.0 I2- I 12-7 13-0 13-5 13-10 I4- 2 I4-7 I4-11 15-2 I5- 6 I5-10 I6- I I6- 5 16-8 I6-11 I7- 2 17-5 

12.0 877 949 I,OJ8 1,084 l,I49 1,212 I,273 1,333 1,392 1,449 1,506 I,56I 1,6I5 I,669 I,721 1,773 1,824 

I6.0 965 I,044 1,120 I,I93 1,265 1,334 1,402 I,468 I,532 I,595 1,657 1,718 1,778 1,837 1,894 I,95I 2,008 
Fb 

19.2 I,026 1,109 1,190 1,268 1,344 1,418 1,489 1,559 1,628 I,695 I,761 1,826 1,889 1,952 2,013 2,074 2,133 

24.0 1,105 I,l95 1,282 I,366 1,448 1,527 1,604 1,680 1,754 1,826 I,897 1,967 2,035 2,102 2,I69 2,234 2,298 

NOTE: The required bending design value, Fb. in pounds per square inch (N/mrn2) is shown at the bottom of this table and is applicable to all lumber sizes shown. Spans 
are shown in feet-inches (I foot= 304.8 mm, I inch= 25.4 mm) and are limited to 26 feet (7925 mm) and less.Check sources of supply for availability of lumber in 
lengths greater than 20 feet (6096 mm). 
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TABLE 23-V-R-1-RAFTERS WITH U240 DEFLECTION LIMITS 
The allowable bending stress (Fb) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITERIA: 
Strength- Live load of 40 psi (1.92 kN/m2) plus dead load of 10 psi (0.48 kN/m2) determines the required bending design value. 
Deflection- For 40 psi live (1.02 kN/m2) load. 
Limited to span in inches (mm) divided by 240. 

Raf-
ter Spac-

Bending Design Value, F, (psi) (x 0.00689 for N/mm2) Size ins (in) (in 

x 25.4 for 
mm 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 

ttl 5·8 1·4 1·1 7·8 1·5 1·8 I· I II· I II· I 11·1 11· 5 11·11 1!·4 1!-1 11·1 II· I II· II 14-! 

!xl 
11.1 4·1 5-1 1-! I· I 7·3 1- a I· 3 I· I I· I I· I 1·11 II· I II· I Il-l 11·4 11·1 IU 1!·4 I!· 7 1!·11 
Ill 4-4 5·1 5· 7 1-! I· I 1·1 7·1 7-11 8·4 I· I I· I 1·5 I· I II· I 11·4 II· I 11·11 Il-l Il-l Il-l 1!-1 1!·4 
!4.1 3·11 4·1 5·1 5·8 5·11 1·4 I· I 7·1 7·5 7·1 I· I 1·5 8· 8 1·8 1·3 8·1 I· I II· I 10·3 ID·I ID·I Il-l 
ltl 7·3 1·4 1·4 11·3 11·1 11·11 1!- 7 II· 3 13·11 14·1 15·1 15·8 II· I II· I 17·3 11·1 II· I II· I 

2x8 IIJ I· I 7-1 I· I 1·11 I· 7 II· I II· II Il-l 1!-1 I!· 7 13·1 II· 7 14-1 14·1 14·11 15· 5 15·11 II· I II· 7 11· D 
111 5·1 I· 7 1· 5 I· I 8·1 1·4 1·11 II· I 11·0 Il-l 11·11 tn I !-II 11-3 13· 8 14·1 14·5 14·11 15-! 15· B 15·11 18·1 
!4.8 5-! 5·11 I· 7 7-3 7-11 8·4 1·11 1·4 I· II ID· 3 II· I 11·1 11·1 11-10 I!·! I!· 7 1!·11 13·3 13· 7 13·11 14-! 14·1 
ttl 1-1 11·8 11-11 II· I 14-! 15·1 II· I 11·11 11·1 II· I 11·3 !0· D !I· I !1·4 !!·I !!·I !1-1 !3·11 

!x II 
Ill I· I 1-1 11·4 11·4 1!-1 11·1 13·11 14-1 15·4 II· I II· I 11·4 11·11 II· I II· I II· 7 !I·! !I· 8 !H !1-8 
Ill 7-4 1·5 I· 5 11·4 IH 11·11 1!-8 13·4 14·1 14·1 15· 3 15·11 11·4 11·11 17·5 17·11 18· 5 11·11 11·4 11·11 !I· I !II· I 
!4.1 I· I 1· 7 8·5 1·3 II· I 11·8 11· 4 11-11 I!· I 13·1 13· 7 14-! 14·8 15·1 15· 7 II· I II· B 11·11 11·4 11· 8 II· I II· I 
ttl 11·1 II· I 14·1 15·11 17-! 11·4 II· I !II· I !I· 7 !!·I !1·5 !4-4 !5·! !I· I 

!xl! 11.1 I· I 11·1 1!-7 13·1 14·11 15·11 II·ID 11·1 II· I II· I !1·3 !1·1 !I· I !!·I !I·! !I· II !4·1 !5·! !5·1 
Ill 1·11 II· I Il-l I!· 7 13· 7 14·1 15·5 II· I 11·1 11·1 II· I 11·3 11·11 !I· I !H !1·1 !!· 5 !3·1 !I· I !4·1 !4·1 !5·! 
!4.8 7-11 1-! 11·3 11· 3 1!-! 13-D II· I 14·1 15·1 15·11 II· 7 17-! 11·1 11·4 11·11 II· I !I· I !I· I !1·1 !I· 7 !!·I !!·I 
ttl 8.14 ll! 8.31 l41 8.51 ua L75 Ul 1.81 1.15 1.31 1.45 IJI 1.77 1.14 t1! Ull t41 

E 
Ill Ll! D. II ll7 U5 8.44 l54 Ui l71 Ul I. 1.1! 111 Ul 1.54 1.11 1.13 , .. !.15 Ul t41 
Ill l11 lll U4 U! l41 l5l l5l Ul a.• U1 I .II 1.15 117 1.41 1.54 1.17 IJl 1 .. til tm t4! Ul 
!4J lll lll ll! a.m l3B l44 1.53 1.1! l71 U1 Ll! I .II 1.14 115 1.17 Ul 1.12 1.75 1.11 tl! !.II t3l 

.. . . 
NOTE: The reqUired modulus of elasticity, E, m I ,000,000 pounds per square mch IS shown at the bottom of this table, IS limited to 2.6 million psi ( 17.92 x I 06 kN/m2) and 

f less, and is applicable to all lumber sizes shown. Spans are shown in feet-inches (I foot= 304.8 mm, I inch= 25.4 mm) and are limited to 26 feet (7925 mm) and 
_. less . .... 
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TABLE 23-V-R-2-RAFTERS WITH U240 DEFLECTION LIMITS 
The allowable bending stress (Fb) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITERIA: 
Strength- Live load of 50 psi (2.40 kN/m2) plus dead load of 10 psi (0.48 kN/m2) determines the required bending design value. 
Deflection- For 50 psi (2.4 kNfm2) live load. 
Limited to span in inches (mm) divided by 240. 

Raf-
ter ~pac- Bending Design Value, Fb (psi) (x 0.00689 for N/mm2) Size mg 
(in) (in) 

x 25.4 for 
mm 300 400 500 600 700 BOO 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 

1U 5·1 5·11 ... 7-1 7-1 u I· I u I· 7 11-1 11·5 11·11 11-1 11· 7 11-11 12·4 12-1 11·1 11·3 

!xl 
1U 4·4 5·1 5· 7 1-2 I· I 7·1 7·1 7-11 1·4 I· I 1·1 1·5 I· I 11·1 11·4 11·1 11·11 11-3 11·1 11·1 12·1 
lll 4·1 4· 7 5·1 5· 7 1·1 I· I 1·18 7-1 1· 7 7-11 8·1 I· 7 1·11 1·2 1·5 I· I 11·1 11·3 11·1 11·1 11-1 11· 3 
24.1 3· 7 4·1 4· 7 5·1 5·5 5·11 1·2 I· I 1·11 7·1 7·5 7·1 7-11 I· 2 1·5 I· I 1·11 1·2 1·5 I· 7 1·11 11·1 

1U I· 7 7·8 I· 7 1·4 11·1 11·11 11·1 12·1 12-1 13-1 11·1 14·4 14·11 15-3 15·1 11·3 11·1 17·1 17·1 

2x8 
1U 5·1 I· 7 7·5 1·1 I· I 1·4 1·11 11·1 11-1 11-1 11·11 12· 5 12·11 11·1 11-1 14·1 14·5 14·11 15·2 15·1 15·11 
111 5· 3 I· I I· I 7-5 I· I I· 7 1·1 8· 7 11·1 18·1 11·11 11·4 11-1 12·1 12·5 12·11 13·2 11·1 13·11 14-2 14·1 14·11 
24.8 4·1 5·5 I· I I· 7 7-2 7·1 1·1 I· 7 I· I 1·4 I· I 11·1 11·1 11·11 1H 11·1 11-1 12·1 12· 5 12·8 12·11 13·1 

1U I· 5 I· I 11·11 11·11 12·11 13-1 14·1 15·5 11·2 11·11 17· 7 11· 3 11·11 11·1 21·1 211·1 21-3 21-11 22·4 

2x11 
11.1 7·4 1·5 I· 5 11·4 1H 11-11 12-1 13·4 14·1 14·1 15·3 15·11 11·4 11·11 17·5 17·11 11·5 11·11 11·4 18·11 211·3 
11.2 I· I 7·1 I· 7 1·5 11· 2 18·11 11· 7 12·2 12·1 13·4 13·11 14·5 14·11 15·5 15·11 11·4 11·11 11·3 17· 8 11·1 11·1 11·11 
24.8 I· I 1·11 7·1 1·5 8·1 I· I 18·4 11·11 11·5 11-11 12-5 12·11 13·4 13·8 14·3 14·1 15·1 15·5 15·11 11-2 11·1 11·11 

1U 11·3 11-11 13· 3 14·1 15·1 11·1 17·1 11·1 11·1 211·1 21-5 22·2 23·1 23·1 24·5 25· 2 25·11 

2x 12 1U 1·11 11· 3 11·1 12· 7 11· 7 14·1 15·5 11· 3 17·1 17·1 11·1 11·1 11·11 21·1 21-2 21-1 22·5 23·1 23·1 24·1 24·1 
111 1·1 1·4 11·1 11-1 12·5 13·3 14·1 14-11 15· 7 11·3 11·11 17·1 11-2 11·1 11·4 11·11 21·5 21-1 21·1 22·1 22·1 23·1 
24.8 1· 3 I· 5 1·4 11·3 11·1 1HI 12· 7 13-3 13·11 14·1 15·1 15·1 11·1 11·1 17·3 11·1 11-1 11·1 11-3 11·1 21·1 21·1 

1U l14 Ill Ill Ul l41 lll l71 ll3 lll 1.11 1.24 Ul 1.53 1.8 1.15 U1 2.11 2.31 2.54 

E 
1U l12 lll l2l U4 l42 l52 ll2 l72 lll ll5 1.17 1.21 1.33 1.41 1.8 1.74 l.D U4 2.21 U5 2.52 
1U l11 l17 l23 U1 Ul l47 l5l lll l71 ll7 lD 1.8 1.21 1.33 1.41 1.51 1.73 l.D 2.11 2.15 t• 2.45 
24.8 lll l15 U1 w u l42 l5l l5l lll l77 ll7 lD 1.8 1.11 1.31 1.42 1.54 1.17 1.71 1.12 2.11 2.11 

.. . . 
NOTE: The reqmred modulus ofelasl!city, £, m 1,000,000 pounds per square mch IS shown at the bottom of this table, IS limited to 2.6 million psi (17.92 x J06 kN/m2) and 

less, and is applicable to all lumber sizes shown. Spans are shown in feet-inches (I foot= 304.8 mm, I inch= 25.4 mm) and are limited to 26 feet (7925 mm) and 
less. 
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TABLE 23-V-R-3-RAFTERS WITH U240 DEFLECTION LIMITS 
The allowable bending stress (Fb) and modulus of elasticity (C) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITERIA: 
Strength- Live load of 40 psi (1.92 kN/m2) plus dead load of 15 psi (0.72 kN/m2) determines the required bending design value. 
Deflection- For 40 psi (1.92 kN/m2) live load. 
Limited to span in inches (mm) divided by 240. 

Rat- Spac-tor 
Bending Design Value, Fb (psi) (x 0.00689 lor kNJm2) Size ing 

(in) (in) 

x 25.4 for 
mm 300 400 500 600 700 BOO 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 

IU i-1 1-1 I· I 7-1 I-I 1-7 1-1 1-7 11-1 11-1 11-11 IH 11-l If· I 12-1 lf·ll 11-Z 11-1 11-11 14-Z 

Zxl IU 4-1 I-I 1-11 I-I 1-11 7-1 7-11 I-I I-I 1-1 1-1 l-11 11-Z 11-1 11-11 11-1 11-1 11-1 IZ-1 IZ-4 IZ· 7 lf-11 
Ill 4-Z 4-1 1-4 I-ll 1-4 I-I 7-Z 7-7 7-11 I-I I-I l-11 1-1 1-7 I-ll 11-Z 11-1 11-1 11-1 11-1 11-1 11-l If· I IZ-Z 
Z4J I· I 4-1 4-1 1-1 I-I 1-1 I-I I-I 7-1 7-1 7-1 I-I I-I 1-7 l-11 1-1 1-4 1-7 l-11 11-1 11-1 11-1 11-1 11-11 11-1 

IU 1-11 1-1 1-11 I-I 11-7 11-1 IZ-1 If· 7 11-1 11-11 14-1 14-11 11-1 11-1 11-1 11-11 17-1 17-11 11-1 11-1 

Zxl IU I-I 1-11 7-1 I· I 1-Z I-I 11-4 11-11 11-1 IH IZ-1 IZ-11 11-1 11-11 14-1 14-1 11-1 11-1 11-11 11-1 11-7 11-11 
Ill I-I 1-4 7·1 7-1 1-4 1-11 I-I 11-1 11-1 11-11 11-1 11-11 IZ-1 IZ-7 11-1 11-1 11-1 14-1 14-1 14-11 11-Z 11-1 11-1 11-1 
Z4J 4-11 I-I l-4 1-11 7-1 I-I I-I l-11 1-4 1-1 11-Z 11-7 11-11 11-1 11-1 IZ-1 IZ-4 IZ-7 lf-11 11-1 11-1 11-11 14-1 14-1 14-1 

IU I-ll 11-Z 11-1 IZ-1 11-1 14-1 11·1 11-1 11-11 17-1 11·4 11-1 11-1 Zl·4 Zl-1 Zl-7 zz-z ZZ·I Zl-4 Zl-11 

Zx 11 IU 7-1 I-ll I-ll 11-11 11-1 IZ-1 11-1 11·11 14-1 11-1 11-11 11-1 17·1 17·1 11-Z 11-1 11-1 11·1 ZI-Z Zl·l Zl-Z Zl· 7 
Ill H I-I I-I 1-11 11·1 11-li IZ-1 IZ-1 11-4 11·11 14-1 11-1 11-7 11-1 11· 7 17-1 17-7 11-1 11-1 11-11 11-4 11-1 ZI-Z Zl·l 
Z4J I-I 7-Z 1·1 1·11 1-1 II·Z 11-11 11-1 11-11 IZ-1 11·1 11-1 11-11 14-1 14-11 11-1 11-1 11-1 11-1 11-11 17-1 17·1 11·1 11-4 11-1 

IU 11-1 IZ·i 11-11 11-Z 11-1 17-1 11-7 11-7 Zl-1 Zl-1 ZZ·4 ZI-Z Z4-l zu Zl-1 

Zxlf IU 1-1 11-1 IZ-1 11-Z 14-Z 11-Z 11-1 17-1 17-1 11-7 11·4 Zl-1 Zl-1 Zl·i ZZ·I ZZ-1 Zl-1 zu Z4-7 ZI-Z Zi-1 
Ill I-I I-ll 11·11 IZ-1 1Z·11 11-11 14-1 11·1 11-1 17·1 IH 11-4 11-1 11-7 ZI-Z Zl-1 Zl-4 Zl-11 ZZ·i Zl·l Zl·l Z4-l zu Zi-1 
Z4J 7-7 I-I I-ll 11-1 11-7 IZ-1 11-Z 11-11 14-1 li·Z 11-1 11-1 17-1 17-1 11-1 11-7 11-1 II· 7 Zl-1 Zl·l ZH Zl-1 Z1·11 ZZ-4 ZZ-1 

IU liZ lll I..Z7 Ui l44 U4 Ui l71 Ul 1. 1.11 Ill 1.41 1.14 1. 1. 1. til U1 Z.41 

I IU l11 l17 Ill Ul Ul l47 1.51 Ul l71 Ul Ul 1. Ill Ul 1.41 1.11 1.7Z 1. Ul 2.11 2.ZI 2.41 
Ill lll lli Ill Ill Ui l41 Ul Ul Ul l71 Ul Ul 1.11 I.ZZ Ul 1.41 1.17 1.71 1. 1. z.. 2.ZI U7 uz 
Z4J Ul l14 lll I..Zi U1 Ul l41 U4 uz l71 Ul Ul Ul 1. 1.11 Ul 1.41 uz 1. 1.71 1J7 z.. LIZ 2.Zi Ul 

NOTE: The required modulus of elasticity, E, in l.OOO.OOOpounds per square inch is shown at the bottom ofthts table, IS limited to 2.6 mtlhon psi (17.92 x J06 kN/m2) and 
less, and is applicable to all lumber sizes shown. Spans are shown in feet-inches (I foot= 304.8 mm, I inch= 25.4 mm) and are limited to 26 feet (7925 mm) and 
less. 
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TABLE 23-V-R-4-RAFTERS WITH U240 DEFLECTION LIMITS 
The allowable bending stress (Fb) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only . 

DESIGN CRITERIA: 
Strength- Live 1o11d of 50 psi (2.40 kNJm2) plus dead load of 15 psi (0.72 kNJm2) determines the required bending design value. 
Deflection - For 50 psi (2.40 kNJm2) live load. 
Limited to span i~ inches (mm) divided by 240. 

Rat· Spac· tor 
Size ing Bending Design Value, Fb (psi) (x 0.00689 for kNfm2) 
(in) (in) 

x 25.4 for 
mm 300 400 500 600 700 BOO 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 

IU 4-11 i-7 I· I I-ll 7-4 7-11 1·4 1·11 I· I I-I 11-1 11-i II· I II-! 11-1 11·11 1!-! 12-i 12·1 11·1 11·4 

2xl IU 4-2 4-11 i·i i-11 1-i I-ll 7-1 7·1 ... 1-4 I· I 1-1 1-4 I-I 1-11 Il-l Il-l 11·1 11·1 11·4 11-7 11-11 12·1 
Ill I-ll 4-i 4-11 u i-ll I· I I· 7 7-1 7-4 7·1 7-11 I· I I· I I-ll I-I 1-4 1-7 I-ll Il-l 11-4 II· 7 Il-l IH 11-1 11-i 
24J H 1-11 4-i 4·11 i-1 i-7 i-11 I· I 1-1 I-ll 7-1 7·4 7-1 7-11 I· I 1·4 I· 7 1·11 1-1 I-I 1-i 1-1 I-ll Il-l 11-1 

IU 1-4 7-4 I· I I-I 1-1 II-i IH 11-7 1!-! 12·1 II· I Il-l 14-1 14·1 li-2 li· 7 Il-l II-i II· II 17·1 17-7 

2xl IU i-1 1-4 7-1 7-1 1-i I-I I-I II· I 11-7 IH 11·1 IHI 12·4 12·1 II· I II· I 11-11 14-1 14-7 14·11 Ii-I li· 7 li·11 
Ill u i-ll 1-1 7-1 7-1 I· I I· I 1-2 1-1 Il-l Il-l II-II 11-l 11· 7 12·1 12-4 12-1 II· I 11-4 II· 7 11·11 14-1 14-1 14-11 li· I 
24J 4-1 i-2 i-ll 1-4 I-ll 7-4 7-1 I· I I· 7 1-1 1-4 I· I Il-l II-i 11-1 IH IH 11-7 II-II 12·2 12-i 12·1 II· I 11-1 11-1 

IU I· I l-4 II· I 11-l 12-i Il-l 14-1 14-11 Ii-I II· I 11·11 17-1 11·2 II· I 11·4 II-II 21-i 21-11 21·1 22-1 22-1 

2x11 IU 7-1 I· I I-I 1-11 11·1 IH 12·2 12·11 IH 14-1 14·1 fi-2 Ii-I Il-l II· I 17-1 17-1 11-2 II· 7 II· I II-i II-II 21·1 
Ill 1-i n I· I I-I I-ll Il-l 11·1 11-1 12-1 12·11 11· 4 11·11 14-4 14-11 Ii-I Ii-I 11-2 II· 7 17-1 17-4 17·1 11·2 II· I 11-11 Il-l 
2U i-1 I· 7 n I-I I-I 1-4 1-11 Il-l 11·1 11-1 11-11 12-i 12·11 11-1 11·1 14·1 IH 14·11 li-2 IU li-11 II· I II· 7 11-11 17·1 

IU I-ll IH 12·1 11-11 Ii-I II· I 17-1 II· I 11·11 II· I 21·1 21·4 22-1 22-1 21·1 24-2 24-11 !i-1 

2x 12 IU 1-7 I-ll 11-1 12·1 II· I 11·11 14-11 li· 7 11·4 11·1 17·1 II· I II· I Il-l 21-4 21-11 21·1 22·1 22-7 21·2 21-1 24-2 24·1 
Ill 7-11 1-1 II· I 11-1 II-II 12·1 II· I 14·1 14·11 li-7 Il-l II· II 17-i II· I II· 7 Il-l II· I 21-2 21-1 21·1 21-7 22·1 22·1 21-1 21-i 
24J 7-1 I· I I· I I-ll II· I IH 12·1 12·1 11·4 11·11 14-1 li·l li-7 II· I 11-7 17·1 11· 7 II· I II· I 11·11 11·4 Il-l 21-2 21-1 21-11 

IU l12 lll Ill U4 LQ Ul Ul L74 Ul U7 1.11 U2 Ul Ul U4 1.71 U4 Ul Ui t41 Ul 

I IU L11 lll L2l Ul U7 L41 Ui U4 L74 U4 Ul I. 1.11 1 .. 1.42 Uli I. Ut 1 .. Ul t2l til til 
Ill lll lli Ill ll7 U4 L42 Ul Llil Ll7 Ln U7 Ll7 1J7 1.11 1 .. 1.41 Ul 1 .. 1.71 Ul U4 t17 U1 t4i Ul 
2U Ul lll lll ll4 U1 U7 L4i w 1.11 1.11 tn U7 1.11 I. 1.11 Ul IJ7 1.41 Ul t.n U2 U4 U7 ttl U2 

.. 
NOTE: The reqmred modulus of elasticity, E, m 1,000,000 pounds per square mch IS shown at the bottom of this table, Is limited to 2.6 million psi (17.92 x J06 kN/m2) and 

less, and is applicable to all lumber sizes shown. Spans are shown in feet-inches (I foot= 304.8 mm, I inch= 25.4 mm) and are limited to 26 feet (7925 mm) and 
less. 
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TABLE 23-V-R-5-RAFTERS WITH U240 DEFLECTION LIMITS 
The allowable bending stress (Fb) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITEFIIA: 
Strength- Live load of 40 psi (1.92 kNfm2) plus dead load of 20 psi (0.96 kN/m2) determines the required bending design value. 
Deflection- For 40 psi (1.92 kNfm2) live load. 
Limited to span in inches (mm) divided by 240. 

Rat- Spac-ter 
Bending Design Value, Fb (psi) (x 0.00689 for kN/m2) Size in~ 

(in) (in 

x 25.4 tor 
mm 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 

1U i-1 i-11 I· I 7-1 7-1 1·2 I-I l-2 1-7 11-1 11-i 11-11 11·1 11-7 11·11 12·4 12·1 11·1 11·1 11-7 11-11 14-2 

2xl 1U 4-4 i-1 i-7 1·2 I-I 7·1 7·1 7-11 1-4 I-I 1-1 1-5 I· I 11-1 11·4 11-1 11·11 11-l 11-1 11-1 12·1 1!-4 1!-7 1!·11 11·1 
1U 4-1 4-7 i-1 5· 7 1-1 I-I l-11 7·1 7-7 7-11 1-1 1·7 1-11 1-! 1-5 I-I 11-1 11·1 11-1 11-1 11-1 11-1 11-5 11-1 11-11 
24J I· 7 4-1 4-1 i-1 i-5 5·11 H I-I 1·11 7·1 7-5 7·1 7·11 1-2 1-5 I· I 1·11 1·2 1·5 1-7 l-11 11-1 11-1 11-5 11·1 

1U I· 7 7-1 1-7 1-4 11-1 11-11 11·1 1!·1 1!-1 11·1 11·1 14-4 14-11 11-1 15·1 11-1 11-1 17-1 11-1 17·11 11-4 11-1 

hi 1U i-1 1·7 7·5 1·1 I-I 1-4 1·11 11-1 11-1 11-1 11·11 12·5 12·11 11·1 11·1 14·1 14-5 14-11 15-2 15-1 15·11 11-1 11-7 11-11 17-2 
1U 5-1 I· I I-I 7-i I-I I· 7 1-1 1-7 11-1 11-1 11·11 11-4 11-1 1!-1 1n 12·11 11· 2 11·1 11·11 14-2 14-1 14-11 11-1 11-5 15·1 
24J 4-1 i-5 I-I 1-7 n 7·1 1·1 I· 7 I-I 1·4 I-I 11·1 11-1 11·11 11-2 11-1 11-1 1!·1 1!·5 I!· I 12·11 11-1 11·1 11·1 14-1 

1U 1-5 I-I 11-11 11-11 12-11 11-1 14-1 11-5 11-! 11-11 17· 7 11-1 11-11 11·1 !1·1 !I-I fl-1 21-11 22-4 22·11 !1·5 !1·11 

2x 11 1U 7-4 1·5 1·5 11-4 11-2 11-11 12-1 11-4 14-1 14·1 11-1 11-11 11-4 11-11 11·5 17·11 11·5 11-11 11·4 11-11 !I-I !I· I f1·1 fl·l 21-11 
1U I· I 1-1 I· 7 1-5 11·2 11-11 11·7 12-2 I!· I 11·4 11·11 14-5 14·11 15·5 15·11 11-4 11-11 11·1 17·1 11·1 11·1 11-11 11-1 11-1 !I· I 
24J I· I 1-11 7-1 1·5 1-1 ... 11-4 11-11 11-5 11-11 12·5 1!·11 11·4 11·1 14-1 14-1 15-1 15·5 11-11 11·2 11·1 11-11 11·1 11·1 17-11 

1U 11-1 11-11 11·1 14-1 11·1 11-1 17·1 11-1 11-1 !I-I 21-i 22·2 !I· I !I· I 24-5 !5·2 !5·11 

rx 12 1U 1·11 11-1 11-1 12· 7 11·7 14-1 11-5 11·1 11-1 17·1 11·1 11-1 11·11 !I-I fl-2 fl-1 22-i !I· I !I· I 24·1 24-1 21-! !I· I 
1U 1·1 1-4 11-1 11-1 1n 11-1 14-1 14-11 15· 7 11-1 11·11 11-1 11·2 11-1 11·4 11·11 !1-i fl·l fl-1 tt·l tt·l !I· I !1·5 n-11 24-4 
24J 7·1 1·5 1-4 11-1 11-1 11-11 12-7 11·1 11·11 14·1 15·1 11-1 11·1 11-1 17-1 17·1 11·1 11·1 11·1 11-1 !1-1 !I-I fl·l 21-5 fl-1 

1U l11 l17 U4 U1 Ul l41 l51 U7 l71 Ul Ul 1.11 tn 1.15 1.41 Ul 1.15 Ul Ul !.11 Ul !.41 

f 1U Ul lli Ul U7 U4 l41 l41 Ul U7 l71 Ul Ul ,. 1.17 Ul , .. Ul Ul 1.71 Ul Ul !.15 1.!1 tQ Ul 

1U Ul lll lll U4 Ul Ul l45 Ul U1 Ul l71 U1 U1 1J7 1.11 117 , .. 1.41 ,. 1.7! 1J4 ,. Ul tf1 U4 

24J Ul l12 l17 m Ul U4 l41 l47 U4 U! l71 l71 U1 U5 1J4 1.14 Ill 1.11 1.41 U4 1J4 1.15 ,. ,. Ul 

NOTE: The required modulus of elasticity, E, in I ,000,000 pounds per square inch is shown at the bottom of this table, is limited to 2.6 million pst ( 17.92 x I 06 kN/m2) and 
less, and is applicable to all lumber sizes shown. Spans are shown in feet-inches (I foot= 304.8 mm, I inch= 25.4 mm) and are limited to 26 feet (7925 mm) and 
less. 
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TABLE 23-V-R-6-RAFTERS WITH U240 DEFLECTION LIMITS 
The allowable bending stress (Fb) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITERIA: 
Strength- Live load of 50 psi (2.40 kN/m2) plus dead load of 20 psi (0.96 kN/m2) determines the required bending design value. 
Deflection- For 50 psi (2.40 kNfm2) live load. 
Limited to span in inches (mm) divided by 240. 

Raf- Spac· fer Bending Design Value, Fb (psi) (x 0.00689 for kNim2) Size '"~ (in) (in 

x 25.4 for 
mm 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 

IU H i-4 I-I 1-1 1·1 1·1 I-I 1-1 I-ll 1-4 1-1 Il-l 11-!i Il-l II· I I Hi Il-l lt-1 lt-4 lt-1 lt-11 11-t 

txl IU 4-1 4-1 i-t i-1 1-t I· 7 7-1 1-4 7-1 I-I 1-i I-I I-I 1-4 1-1 I-ll 11-t 11-i Il-l 11-11 11-t 1H 11-1 11-11 ft-1 
1U I-I 4-1 4-1 i-t i-1 I-I 1-4 I-I 7-1 H 7-1 1-11 1-1 I-I I-I I· I I-I I-I I-I 1-11 11-t 1H 11-7 11-11 11-l 
tU 1-1 1·11 4-1 4·1 i-1 i-4 i-1 I· I 1-4 1-1 I-ll 7-1 H 1-1 7-11 1·1 I-I I-I I-I 1-11 1-1 1-4 I-I I-I I-ll 

1U 1-t 1·1 1-11 I-I l-4 Il-l 11-1 11-t 11-1 It- I It- I Il-l Il-l 14-t 14-7 Ii-I Ii-i li-11 Il-l 11-1 11-1 17-4 

txl IU i-4 1-t I-ll 7-1 I-I I-I l·t I-I 11-t 11-7 11-1 11-1 If.! I lt·l It- I Il-l 11-4 Il-l 14-1 14-4 14-1 Ii-I li-4 li-7 li-11 
IU 4-11 i-1 I-I 1-11 n 1-11 H I-ll I-I I-I 11·1 Il-l 11-11 11-t 11-1 11-11 1!-2 It- I It· II 11-1 11-li 11-1 14-1 14-1 14-1 
t4J 4-4 i-1 i-1 1-t 1-1 1-1 7·1 1-11 1-4 I-I I-I 1-4 I-I Il-l 11-4 11-7 11-11 11-t 11-1 11-1 lt-1 It- I It- I It- I Il-l 

IU 1-11 I-I Il-l 11-1 11-11 lt·l Il-l 14-1 lli-1 Ii-I Il-l 11-11 11-1 Il-l 11-7 11-t Il-l ti-t tl-1 ti-t tl-1 t2·1 

tx II IU I-I 1·11 I-I 1-7 11-4 11·1 11-1 lt-4 Il-l Il-l 14·1 14-1 li-t Ii-I Il-l 11-7 IJ.I 11-1 11-11 11-4 Il-l ll·t 11-7 11·11 tl-4 
IU 1-t 1-t I-I I-I I-Ii Il-l Il-l Il-l 11-11 lt-4 lt-11 11·4 11-11 14-1 14-1 li-t li-7 li·ll 11-4 Il-l 11- I 11-1 11-11 11-t Il-l 

t4J i-1 I-Ii 7-t 1-11 1-i I-I 1-7 Il-l 11-7 11-1 11-1 11-11 lt-4 It- I 11-t Il-l 11-11 14-1 14-1 Ii-I li-4 Ii-I li-11 Il-l 11-7 

IU 1-1 11-1 It- I II-i 14-1 Ii-I Il-l 17·4 11-t Il-l II-II tl-1 tl·l tl-11 t2-1 tl-1 tl-11 t4-7 tli-t tli-1 

tx It IU 1-1 I-I Il-l Il-l lt·1 II-i 14-1 Ii-I Ii-I Il-l 17-t IH II-i Il-l 11-7 ti-t tl-1 tl-1 tl-1 t2·4 t2-ll tl-1 tl-1 t4-l t4-l 
IU 7·1 I-I I-I Il-l Il-l It· I II· I Il-l 14-i Ii-I Ii-I Il-l 11-11 17-4 11·11 II-i 11-11 II-i 11-11 tl·4 tl-11 tl-1 tl-1 t2-t t2·7 
tU 1-1 7·1 I· I I-I Il-l 11-1 Il-l It- I Jt-11 IH 14-1 14-1 Ii-I Ii-I Il-l Il-l 11-11 IH 17·1 ll·t 11-7 Il-l IH 11-11 ti-t 

IU lll ll7 Ul Ul IJI l41 Ul Ul l11 U1 Ul 1.11 l.tl IJ4 1.47 I. 1.11 U7 Ul t.ll Ul t.41 

E IU Ul ll4 Ul w IJ4 l41 l41 U1 Ul l71 ... ... 1 .. 1.11 1!1 1 .. Ul IJt 1.74 IJJ Ul t.ll ttl ~ U4 

IU Ul lll lll U4 Ul U1 l41i ut Ul Ul ln U7 Ul I. 1.11 Ill IJJ 1.41 Ul 1.11 IJt IJ4 U1 t.ll Ut 
tU Ul lit ll7 ut w Ul l41 l41 U4 U1 Ul l77 Ul ... 1.14 1.11 Ill! l.lt 1.4t Ul IJI 1.74 1 .. I. U1 

NOTE: The required modulus of elasticity,£, in l,OOO,OOOpounds per square inch is shown at the bottom of this table, is limited to 2.6 million psi (17.92 x 106 kN/m2) and 
less, and is applicable to all lumber sizes shown. Spans are shown in feet-inches (I foot= 304.8 mm, I inch= 25.4 mm) and are limited to 26 feet (7925 mm) and 
less. 
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TABLE 23-V-R-7-RAFTERS WITH U180 DEFLECTION LIMITS 
The allowable bending stress (Fb) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITERIA: 
Strength- Live loii!d of 40 psi (1.92 kN/m2) plus dead load of 10 psi (0.48 kNfm2) determines the required bending design value. 
Deflection- For 40 psi (1.92 kNfm2) live load. 
Limited to span in inches (mm) divided by 180. 

I 
I 
I 
I 
I I 
r ~ Bending Design Value, f't, (psi) (x 0.00689 for kNtm2) I 
I c 
I I 
l I 
I I 

(II) (II) 

x!i411r - nl • • • • 711 • • 1 • u• 1nl 1. 1411 1. 1. ll. 1. 1. -!1. !nl -!411 --2711 --IU !·II I· I 4-1 4-1 4-11 i-4 i-1 1·1 n ... 7-1 7·1 1· 7 HI 1·1 1-4 I· 7 1-11 I-I ... ... ... 1-11 11·1 
r IU n I· I I· I 1·11 4·1 
X 

4-1 4-11 I· I i-1 i-11 1·1 1-4 1-7 I-I 7-1 7-1 H 7-1 HI ... u u I· 7 I· I 1·11 1·1 

4 IU !·I n n 1-7 1·11 4-1 4-1 4-11 i-1 i-4 u i-1 I-I 1-r u 1-7 ... 7·1 H H 7-1 7-1 7·11 I· I 1-r 1·4 I· I I· 7 
ru !·I !·I !·11 H ... I· I 4-1 4-1 4-1 4-1 4-11 H i-4 I· I i-1 i-11 I· I ... n 1-7 I-I I· II 7·1 n 7-1 H 1· 7 7-1 

IU ... i-1 1-4 7·1 7-1 n I· I I· I 11-1 11·1 IH IH 11-11 lr-4 In 11·1 11·1 11·11 14-r 14-7 14·11 11-1 11· 7 11·11 
r IU 1-11 ... I· I 1-r I· I 
X 

7·1 7·1 1-1 I· I .. , I-I 1-11 11-1 11·1 IH IH IH 1n lr-4 lr· 7 1r·11 11-r 11·1 11·1 14-1 14·1 

I IU I· 7 4-4 u i-7 u I· I 7·1 7·1 7·11 1-4 I· I 1-1 I-I ... 11-1 11·4 11·1 11-11 11-1 IH IH lr·l lr-4 lr-7 lr·ll 11·1 11·1 11·1 
r4J n 1·11 ... I· I I· I 1·11 1-4 I· I 7-1 H 7-1 I· I 1-5 I· I I-I I-I I-I I· I 11·1 Il-l 11·1 11-1 11·1 11·1 IH IH 11-11 lr·l 

IU 1·11 7-1 1·4 1·4 11-1 11·1 11-11 lr· 7 11-1 11·11 14-1 11·1 11·1 11·1 11·1 17·1 17-1 11-1 11·1 11-r 11·1 rl-1 rl·l !1·11 
r IU i-r 1-1 7-1 1·1 1·11 
X 

1-7 Il-l II· II IH In I!· 7 11·1 11· 7 14·1 14-1 14-11 11·1 II· II 11·1 11· 7 17-1 11·1 11·1 11·1 11·1 11·11 

I IU 4·1 i-1 1-7 H I· I I· I 1·4 1-11 11-1 IH IH 11-11 1!-1 lr·ll 11·1 II· I 14-1 14-i 14-11 11-r Ii-I 11·11 11-1 11· 7 11·11 17-r 17-1 11·11 
r4J 4-r 1-r 1·11 1-7 7·1 HI 1·4 1·11 1·4 1·11 11·1 11·1 11·1 IH 11·11 u-r lr-7 1r·11 11-1 II· 7 11·11 14-r 14-1 14-11 li-1 11·1 Ii-I 11·11 

IU 1· 7 ... 11-1 IHI 11·1 14-r 11·1 11·1 11·11 17-1 11-1 11-1 rl·l rl-1 r1·4 rn ru ru !1·11 ru !1·1 !1·1 
r IU I-I I· I 1-1 11-4 IH 
X 

lr·l 11·1 11·11 14-1 11-4 11·1 11·1 17-4 11·11 11·1 11·1 11-7 re-r rl·l rH rl·l rn r!·l D·l D·7 ru 

II IU ... H I· I u 11·4 IH 11-11 1n 11·4 14-1 14-1 11-1 11·11 11·4 11·11 IH 11·11 11-i 11·11 11·4 11·11 rl·l rl·l rl·l rl·l !1-11 rf·4 r!·l 
ru i-4 ... 1· 7 n ... 11·1 II· I IH 11-11 lr·l 11·1 II· 7 14-r 14-1 li-1 11· 7 11·1 11· I 11·11 17-4 11·1 11·1 11·1 11·11 11-1 11· 7 rl-1 !1·4 

IU 1.11 l11 l17 Ul Ul Ul l47 Ul .. l71 1.11 U7 ,. Ill 1.11 1.41 I .ill 1.7r ,. Ul t14 Ul t44 Ul 

I 
IU Ui 1.11 l14 Ul Ul Ul l41 l41 U7 .. lli U4 U4 lA 1.11 Ill 1.17 1.41 Ul 1.71 ,. I. m m Ul UJ 
IU Ui 1.11 lll lll U4 Ul U7 l44 w .. .. ln 1.11 Ui lA 1.11 Ill , .. 1.47 I .ill 1.71 Ul IJI Ui til Ul t41 rn 
r4J U4 .. ur lll ur U7 Ul l41 l41 U4 Ul .. tn Ui U4 IJI ur 1n Ul 1.41 ur ur 1.71 U4 lA Ul til Ul 

NOTE: The required modulus of elasticity, E, in 1,000,000 pounds per square inch is shown at the bottom of this table, is limited to 2.6 million psi (17.92 x 106 kN/m2) and 

less, and is applicable to all lumber sizes shown. Spans are shown in feet-inches ( 1 foot= 304.8 mm, I inch= 25.4 mm) and are limited to 26 feet (7925 mm) and 

less. 
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TABLE 23-V-R-8-RAFTERS WITH U180 DEFLECTION LIMITS 
The allowable bending stress (Fb) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITERIA: 
Strength- Live load of 50 psi (2.40 kN/m2) plus dead load of 10 psi (0.48 kNfm2) determines the required bending design value. 
Deflection- For 50 pst (2.40 kNfm2) live load. 
Limited to span in inches (mm) divided by 180. 

I 
I 
I 
t 
I I 
p J Bending Design Value, F, (psi) (x 0.00689 lor kN/m2) 

I 
I c 
I I 
I I 
I I 

(II) (II) 

xZl411r - 211 • • • • 711 • • I • n• 1211 I • I. I. I. 1711 I. I. 2111 21. 2211 2111 z• -2111 2711 2111 2111 
IU !-7 I·! 1-1 4-1 4-1 4-11 i-1 i-1 i-ll I-I 1-i I· I I-ll n n 1· 7 7-11 I· I I· I 1·5 I· I I-ll 1-1 I-I 

! IU !·I n I·! I· 7 I-ll 4-1 4-1 4-11 i-1 i-4 i-1 i-1 1-1 u 1-i 1-7 1-1 7·1 n 7-4 7-1 7-1 7-11 I-I 1-! 1·4 1-i 
X 

4 Ill !-1 !·I !-II 1-1 I· 7 I-ll 4·1 4-4 4-7 4-11 i-1 i-1 i-i i-1 i-ll 1-1 1-l 1-4 I· I I-I I-ll 7·1 1·! 7-1 n 1· 7 7-1 7-11 
!4J 1·11 !·I r-7 !·II 1-! 1-i I-I 1·11 4-1 4-4 4-1 4-1 4-11 5·1 i-1 i-i i-1 i·l i-ll I-I I-I I· I 1-i I-I 1-1 I-I I-ll 7·1 

IU 4·1 i-1 i-ll 1-1 7-1 7-1 u I· I I-! 1-7 Il-l 11·5 II· II 11-1 II· 7 11·11 1!-4 12-1 II· I Il-l II· 7 II· II IH 14·1 
! IU 1-7 4-4 i-1 i-7 1-! 1-1 7-1 7-1 7-11 1·4 I· I I-I 1-i I-I II· I 11·4 Il-l II· II 11-1 II· I 11-1 12-1 12-4 12-7 If· II Il-l Il-l 
X 

I Ill 1-1 4-1 4-7 i-1 i-7 I-I 1-1 I-ll 7·1 7-7 7-11 I· I I· 7 1·11 u 1-i I-I Il-l II· I II· I II· I 11-1 II· I IH 11-1 11·11 If·! 12-4 
!4J !·II I· 7 4·1 4· 7 i-1 i-i i-ll I·! 1-1 I· II 7-1 7-i 7·1 7-11 1-! l·i I· I 1·11 1-! 1-i I· 7 I-ll II· I Il-l II-i II· I II· II 11-1 

IU i-5 I· 7 7-1 1-7 1-4 II· I II· II 11-1 If· I 12·1 II· I II· I 14-4 14·11 Ii-I Ii-I II· I II· I 17·1 17·1 17-11 11·4 II· I Il-l 
! IU 4-1 i-t 1-7 n I· I I-t 1-4 1·11 II· I 11-1 11·1 IHI IH 12·11 II· I II· I 14-1 14-i 14-11 li·f Ii-I Ji-ll II· I II· 7 II-II 11·! 17-1 
X 

I Ill 4-1 i-1 I· I I· I 7-i I· I I· 7 I-I 1-7 Il-l II· I II-II 11·4 11-1 If· I 12-i 12·11 II-! II· I II· II IH 14·1 14·11 Ii-I li·i Ii-I II· I Il-l 
!4J I· II 4-1 i-i I· I 1-7 1·! 7·1 I· I 1-7 I-I 1·4 I-t II· I Il-l II· II II·! 11-1 11-1 12·1 tn 12-l 1!-11 II· I II· I II· I 14·1 14-4 14-7 

IU I-ll l·i 1-1 JI-ll 11·11 If· II II· I 14-1 Ii-i 11-f II· II 11· 7 Il-l II· II II· I !I-I !I-I !I-I n-11 tt-4 tt-11 !1-i !1·11 !4-i 
! IU 1-1 7·4 1-i 1-i 11-4 II-! 11·11 12·1 11-4 14·1 14·1 Ii-I li-11 11·4 11-11 17-i 17-11 II-i II· II 11-4 II· II !I-I !I-I !1·1 n-1 !1·11 tt-4 
X 

It Ill i-i 1-1 7-1 I· 7 1-i 11-f 11-11 II· 7 1!-r If· I II· 4 II· II 14-i 14-11 Ii-i li-11 11-4 II-II 17·1 17·1 II· I II· I II· II Il-l Il-l !I-I !1-i !I-I 
!4J 4-11 1-1 I-ll 7·1 1-i I-I I-I 11-4 II-II IH 11·11 tn 12·11 11·4 II· I 14·1 14-1 Ii-I Ii-i Ji-ll II·! Il-l II· II 17·1 17· 7 17-11 II· I II· 7 

IU Ul lll lll m Ill U7 l45 Ul Ul l:n U! Ul I.M l.li Ill ... Ul I.M J.n •• U4 til U! t47 

I 
IU u Ul ll4 lll Ill U! Ul l41 U4 U! tn Ul Ul Ul 1.11 Ut IJI 1.4! 1.51 •• J.n I. Ul U4 w t41 U4 
Ill U4 Ul lll ll7 Ill Ill Ui lQ l41 w Ui l71 U! Ul •• 1.11 1.11 Ill 1.41 1.51 IJI J.:n I.M I. U7 Ut U! t44 
f4J U4 U7 lll lll lrJ Ill Uf Ul l44 Ul Ul Ul l71 Ul Ul Ul U7 1.11 Ui IJ4 1.44 1.54 I.M 1.7i I. •• U7 Ul 

NOTE: The required modulus of elasticity, E, in 1,000,000 pounds per square inch is shown at the bottom of this table, is limited to 2.6 million psi (17.92 x ]06 kN/m2) and 
less, and is applicable to all lumber sizes shown. Spans are shown in feet-inches (l foot= 304.8 mm, I inch= 25.4 mm) and are limited to 26 feet (7925 mm) and 
less. 
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TABLE 23-V-R-9-RAFTERS WITH U180 DEFLECTION LIMITS 
The allowable bending stress (Fb) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITERIA: 
Strength- Live load o140 psi (1.92 kN/m2) plus dead load of 15 psf (0.72 kNJm2) determines the required bending design value. 
Deflection- For 40 psi (1.92 kNJm2) live load. 
Limited to span in inches (mm) divided by 180. 

I 
I 
I 
I 

• s 
p ~ Bending Design Value, Fb (psi) (x 0.00689 kN/m2) 

I 
s c 
I I 
I I 
I I 

(II) (II) 

x!l4flr - 211 • • • • 711 • • 1. n• 1211 1. 1. 1. 1. 1711 1. 1. -21. me -2. --2711 --1U f.l ... 1-11 ... 4-1 i·1 i-5 5-I 1-1 1-i I· I 1-11 7·1 7·1 7·1 7-11 1-l 1-5 1·7 l-11 1-1 1-1 1-i I· I 1·11 II· I 
r IU !·4 r-11 1·4 I· I 4-1 4-5 4·1 i-1 i-1 i·l i·l I-I 1-1 I-I I· I 1-11 7·1 7-1 7·1 7·1 7·11 I-I 1-l 1-4 1-1 I· I I-ll I-I 
X 

4 IU !-! !·I I· I 1-5 I· I 4-1 ... 4-7 4-11 i-1 i-1 5-I i-1 5-11 I· I 1-1 1-1 I-I I-ll 7-1 7-! 7·4 7·1 1· 7 7·1 7-11 I-I 1-! 

!U 1·11 !·4 !-I I-I 1·4 I· 7 I-ll 4-1 4-4 4-1 4-1 4-11 i-1 i-1 5-i i· 7 i-1 5-11 I-I I-I 1-i I-I I· I 1·11 1·11 7·1 7·1 7-4 

IU 4-1 i-1 I-I I-I 7-i I· I I· 7 I-I I· 7 II· I II· I 11·11 11·4 Il-l I!· I I!· I 1!·11 II·! II· I II· II 14-! 14-1 14-11 li-r li·i Ii-I 
! IU I· I 4·1 i-1 i-ll 1-i 1-11 7-i 7-11 I-I I-I I-I 1-1 I-ll 11-r Il-l II-II 11-1 IH Il-l 1!·1 1!·4 I!· 7 I!· II II· I 11-4 11-7 II-II 14·1 
X 

I IU 1-5 4-! 4-1 i-4 i·ll 1-4 I-I 7·! 7· 7 7-11 I-I I· I 1-11 1-1 1-7 I-ll II-! II-i Il-l Il-l 11·1 11-1 Il-l I!· I I!·! IU lf.l 1!·11 

!U I· I I· I 4-l 4-1 i-1 i-1 I-I 1-5 I-I 7·1 7-i 7·1 I· I I· I I· 7 I· II I-I 1-4 1-7 I-ll Il-l Il-l Il-l II· I 11·11 11·1 IH Il-l 

IU i-1 1-11 I· I 1·11 I-I 11-7 Il-l I!· I I!· 7 II· I II· II 14-5 14-11 li·i Il-l ll·i 11·11 17-i 17·11 II· I II· I II·! 11-7 11-11 !1·4 !I· I 
! IU 4-11 I-I 1·11 7-1 I· I I·! I· I 11-4 11-11 11-1 lf.l 1!-1 lf-11 II-i II-II 14-1 14-1 Ii-I Ii-i li·ll II· I II· 7 11·11 17·1 11· 7 Il-l Il-l II· 7 
X 

I IU 4-1 5-I 1-4 7·1 7·1 1-4 1-11 1-1 II· I Il-l 11·11 ll·i 11·11 I!· I I!· 7 II· I ll·i II· I 14-1 14-1 14-11 li-! Ii-i li·l II· I ll·i Il-l 17·1 

!U 4-1 4-11 i·l 1-4 I-ll 7-1 I-I I· I 1·11 1-4 1-1 II·! 11-7 11·11 Il-l Il-l I!· I 1!·4 I!· 7 1!·11 II· I Il-l II-II 14-1 14-5 14-1 14·11 li-Z 

IU 7·! I-ll II-! 11-i I!· I II· I 14-5 Ii-I II· I 11-11 17-1 11-4 Il-l II· I rl-4 !1-1 fl-7 rz.r r!-1 !1·4 !1·11 !H !4-11 !5·1 rl-1 
! IU I-I 7·1 I-ll I-ll II· II Il-l 1!-1 Il-l 11-11 14·1 li·l li-11 II· I 17·1 17·1 II·! II· I Il-l Il-l !1-! !I· I fl·! fl· 7 r!·l r!·l !!·11 !1-4 !I-I 
X 

II IU i-1 7·1 I· I I-I I-ll II· I IH I!· I I!· I 11·4 11·11 14-1 li·l 15-7 II· I II· 7 17·1 11· 7 II· I ll·i 11-11 11-4 Il-l !I·! rl-1 !1·11 fl·4 fl·l 

f4J i-1 1-1 7·! I-I I-ll I-I II·! II· II IH 11-11 1!-1 Il-l Il-l 11-11 14-i 14-11 15-1 Ii-I II· I II· I 11·11 17·1 17·1 II· I 11-4 Il-l II· I II-i 

IU Ui 1.11 ll4 Ul Ul Ul l41 l41 U7 1.11 l75 U4 U4 Ui l.li I .!I 1.11 1.41 IJI 1.71 Ul IJI !.1! Ui !JI w 

I 
IU U4 1.11 ll! ll7 Ul Ul lli lU l41 U7 Ui l71 U! Ul IJI IJI 1.11 I .!I 1.41 Ill IJI 1.7! IJI IJi U7 !.II U1 !.44 

IU U4 U7 l11 lll Ul Ul U! lll l41i w Ul U7 l75 Ul Ul IJI IJI 1.11 U7 IJ7 1.47 U7 1J7 1.71 IJI Ul !.11 z.rz 
!4J U4 U7 lll ll4 lll U4 Ul U4 l41 l41 Ul 1.11 U7 l74 U! 1.11 U7 IJI 1.14 11J Ul 1.41 Ill I .ill IJI 1.71 IJI IJI 

NOTE: The required modulus of elasticity,£, in 1,000,000 pounds per square inch is shown at the bottom of this table, is limited to 2.6 million psi (17.92 x 106 kN/m2) and 
less, and is applicable to all lumber sizes shown. Spans are shown in feet-inches (I foot= 304.8 mm, I inch= 25.4 mm) and are limited to 26 feet (7925 mm) and 
less. 
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TABLE 23-V-R-10--RAFTERS WITH U180 DEFLECTION LIMITS 
The allowable bending stress (Fb) and modulus of elasticity (C) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITERIA: 
Strength- Live load of 50 psi (2.40 kNJm2) plus dead load of 15 psi (0.72 kNJm2) determines the required bending design value. 
Deflection- For 50 psi (2.40 kN/m2) live load. 
Limited to span in inches (mm) divided by 180. 

I 
I 
I 
I 
I I 
r J Bending Design Value, lj, (psi) (x 0.00689 kNfm2) 

I 
I ~ 

I I 
l I 
I I 

(.) (.) 

x2UIII' 

• • • • • • 111 • • ,. n• ,. ,. ,. ,. ,. 1111 ,. ,. -21 • 2211 -2. --ml --IU 2·1 I· I J.7 4-1 4-4 4·1 H H H l-11 1-2 1-i 1-1 I-ll 7·1 7-4 H 7-1 HI I-I 1-4 I· I I· I I· II I-I I-I H 
! IU 2-! 2·1 I· I I·~ 1-1 4-1 4-4 4-7 4-11 l-1 l-4 l-1 u l-11 1-! 1-4 I-I 1-1 I-ll 7·1 7-! 7-4 H 7·1 7·11 I-I I· I I· I 
X 

4 Ill H !·~ !·II I·! l·i I· I 4-1 4-! 4-i 4-1 4·11 l-1 l-1 u H I· I l-11 I-I I-I I-I I· 7 I-I I-ll H 7-! 7-1 7-i 1· 7 
!U H !·! !·I !·II I-I J.4 1-7 J.l 4-1 4-! 4-4 4-1 4-1 4-11 u u l-4 u l-7 u l-11 1-1 1-! 1-1 1-i 1-1 I-I I· I 

IU 1·11 4-11 i-7 1-1 I-ll 7·4 7·11 1·4 I-ll 1-1 I-I Il-l II-~ Il-l II-! IH 11-11 I!·! 1!-i I!· I 11·1 11-4 II· I 11·11 14·! 14·1 14-1 
! IU J.i 4-! 4-11 l·i l-11 H I-ll 7·1 7-1 1-1 1-4 I-I I-I 1-4 I-I 1-11 Il-l Il-l Il-l 11·1 11-4 11· 7 11·11 I!· I 1!-4 I!· I I!· I II· I 
X 

I Ill I-I I· II 4-i 4-11 u l-11 1-1 1-7 H 7-4 7-1 7·11 1-1 I-I I-ll I-I 1-4 1-7 I-ll Il-l 11-4 II· 7 Il-l 11·1 11·1 11-i IH 11-11 
!U !·I I· I 1-11 4-i 4-11 l-1 l-7 HI I· I 1-1 1·11 7·1 7·4 7·1 HI I· I 1-4 1-7 1·11 I-I 1-1 1-i I· I I-ll II· I Il-l II-i II· 7 

IU l-! 1-4 7·4 1-1 1-1 I-I 11·5 IH 11-7 12-! I!· I IJ.I IJ.I 14-1 14-1 II·! ll-7 II· I II· I 11·11 17·1 17· 7 II· I 11·4 II· I Il-l Il-l 
! IU 4-1 u 1-4 1·1 7·1 I· I I· I ... Il-l II· 7 IH 11·1 II-II 1!-4 I!· I II· I II· I II· II 14·1 14· 7 14-11 IU ll- 7 15·11 II· I II· I 11·11 17·1 
X 

I Ill 4-1 I· I l-11 ... 7·1 7-1 I· I I· I 1-! ... II· I Il-l II· II 11·1 11· 7 I!· I 1!-4 I!· I Il-l 11-4 II· 7 11-11 14-1 IH 14-11 Il-l IH Ii-I 
!U I· I 4-1 u l-11 1-4 I-ll 1-4 7-1 I· I I· 7 ... 1-4 ... II· I II-i Il-l IH 11-4 11-7 II-II I!·! I!· I I!· I II· I II· I II· I II· I 14-1 

IU 1-7 I· I 1-4 Il-l 11·1 I!· I Il-l 14-1 14-11 II· I Il-l 11·11 17·1 II·! II· I 11-4 11·11 !1-i !1-11 !1·1 !!·I !!·I !!·11 !I· I !1·11 !4-4 !4-1 
! IU l-1 H I· I I-I l-11 Il-l 11·1 1!-2 I!· II IJ.i 14·1 14-1 IU IU Il-l II· I 17·1 17-1 II-! II· 7 Il-l II-i 11-11 !I· I !I· I !1·1 !1·1 !1·11 
X 

II Ill u 1-i 7-i I-I I-I I-ll Il-l 11·1 IH I!· I I!· II 11·4 IHI 14·4 14-11 IU IH II-! II- 7 17·1 17·4 17-1 II·! II· I 11·11 II· I 11-7 11·11 
!U H u 1-7 7·1 I-I ... 1-4 1-11 Il-l 11·1 11·1 11·11 1!-i I !-II II· I II· I 14-1 14-i 14-11 ll-! II· I ll-11 Il-l II· 7 11-11 17·1 IH 17-11 

IU Ui 1.11 l14 Ill Ill IJ! l41 l47 Uli lM l71 IJ! lJ! 1.1! 1.1! I.D 1.14 1.41 1.17 I. Ul UJ ~ !.11 !.1! !.41 ~ 

I 
IU lM 1.11 ll! l17 ll! Ill IJ4 l41 l41 Ui lll l71 1.11 lll U7 I. 1.11 I .!I Ia 1.41 1.17 IJ7 1.71 I. U1 !.11 !lli U7 
Ill lM U7 l11 lli Ill Ill U1 ll7 l44 Ul Ul Ui l71 U1 lll U7 I. 1.1i 114 1.» 1.41 IJI 1.11 1.71 1.14 1.14 !.li !.II 
!U U4 1.11 lll l14 lll Ill Ill lll Ul l4i U! Ul Ui l7! l71 ll7 lli 1.11 1.11 1.11 I .!I IJ7 1.41 Ui 1.14 1.74 1.14 1.14 

NOTE: The required modulus of elasticity,£, in 1,000,000 pounds per square inch is shown at the bottom of this table, is limited to 2.6 million psi (17.92 x 106 kN/m2) and 
less, and is applicable to all lumber sizes shown. Spans are shown in feet-inches (I foot= 304.8 mm, I inch= 25.4 mm) and are limited to 26 feet (7925 mm) and 
less. 
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TABLE 23-V-R-11-RAFTERS WITH U180 DEFLECTION LIMITS 
The allowable bending stress (Fb) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITERIA: 
Strength- Live load of 40 psi (1.92 kNtm2) plus dead load of 20 psf (0.96 kN/m2) determines the required bending design value. 
Deflection- For 40 psi (1.92 kNfm2) live load. 
Limited to span in inches (mm) divided by 180. 

I 

' Bending Design Value, Fb (psi) (x 0.00689 kNfm2) 
I 
c 
I 
I 
I 

) (II) 

x!i411r - 211 • • • • 711 • • 1 • n• 1211 1. 1. 1. 1. 1711 1. 1. -n• 2211 ~ 2. --2711 --1U n I·! 1-1 4-1 4-1 4·11 i-1 i-1 i-11 1·1 n ... 1-11 7-! n 7· 7 HI I· I I· I n I· I 1·11 ... ... n 1-7 ... 1-11 
! 1U !-1 !·I I·! 1-7 1·11 4-1 4-1 4-11 5·1 5·4 5·1 i-1 I-I 1-! n 1-7 ... 7-1 7-! 7-4 7-1 7-1 HI ... 1-! 1·4 n 1-7 
X 

4 11.! !·1 !-1 !·11 I· I 1·7 1·11 4-1 4-4 4-7 4-11 5·1 i-1 i-5 i-1 5·11 ... I·! 1·4 I· I I· I 1·11 7-1 7-! 7·1 n 7· 7 7-1 HI 
!4J 1-11 !-1 !· 7 !·11 I·! u 1-1 1·11 4·1 4-4 4-1 4-1 4-11 i-1 i-1 i-i H i-1 5·11 I· I l-1 ... n I-I ... I· I 1·11 7-1 

1U 4-1 i-1 5·11 ... 7·1 7·1 I·! I· I I·! 1-7 11·1 11·5 11·11 11-1 11-7 11-11 11·4 11·1 11·1 11·1 11· 7 11·11 14·1 14·1 14·1 15·1 1i-4 1i-7 
I 1U I· 7 4-4 H i-7 I· I I-I 7·1 7·1 H1 1·4 I-I 1·1 n ... 11·1 11-4 11-1 11·11 11-1 11-1 1H 11·1 1f·4 1f·7 1!·11 11·1 11·1 11·1 
X 

I 11.! I· I 4-1 4-7 i-1 5· 7 1·1 I-I 1·11 7·1 7-7 H1 I· I I· 7 1·11 1-! 1·5 I· I 11·1 11-1 11-1 11·1 11-1 11-1 1H 11-1 11-11 11·! 1!-4 
!4J !·11 I· 7 4·1 4-7 5·1 i-i i-11 I·! I· I 1·11 7·1 n 7-1 H1 1-! n I· I 1·11 I·! n I· 7 1-11 11·1 11·1 11·5 11·1 11·11 11-1 

1U n I· 7 7·1 1-7 1·4 11·1 11·11 11-1 1!·1 1!·1 11·1 11·1 14-4 14·11 1i-1 15-1 11-1 11-1 17·1 17-1 1H1 11·4 11·1 11·1 11·1 11-11 !I-I !I· 7 
! 1U ... 5·1 1-7 n 1·1 I· I 1·4 1-11 11·1 11-1 11-1 11-11 1!·5 U·11 11·1 11·1 14-1 14-i 14·11 15·! 1i-l 15·11 11·1 11· 7 11·11 17·! 17·1 1HI 
X 

I 11.! 4-1 i-1 I· I I-I n ... 1-7 1·1 1-7 11-1 11-1 11·11 1H 11-1 1!·1 1!·5 U·11 11·! 11·1 11·11 14-! 14-1 14-11 15·1 15·5 15·1 11·1 11·1 
!4J 1·11 4·1 5·5 ... I· 7 7-! 7-1 1·1 I· 7 ... 1·4 ... 11·1 11-1 11·11 11-! 11-1 1H 1!·1 1!·5 1!·1 1!·11 11·1 11·1 11·1 14-1 14-4 14-7 

1U 1·11 n I· I 11·11 11-11 1!·11 11·1 14·1 15·5 11·! 11·11 17· 7 11·1 11·11 11·1 !1-1 !I-I !1·1 !1·11 !2·4 !2·11 !U !1·11 !4·5 !4-11 !H !i-11 
! 1U I· I 7-4 1·5 n 11·4 11·! 11-11 1!·1 11·4 14·1 14-1 1i-l 15·11 11·4 11·11 17-5 17·11 11·5 11·11 11·4 11·11 !I· I !I· I !1·1 !1·1 !1·11 !2· 4 !2·1 
X 

11 11.! i-5 I· I 7·1 1-7 u 11·! 11·11 11-7 1!·! 1!·1 11-4 11·11 14-i 14·11 15·5 15·11 11-4 11·11 17·1 17·1 11·1 11·1 11·11 11·1 11·1 !I· I !1·5 !I· I 
!4J 4-11 ... 1·11 7-1 1·5 1-1 ... 11-4 11·11 1H 11-11 1!·5 1!·11 11-4 11·1 14·1 14·1 15·1 15-5 15·11 11-! 11·1 11·11 17-1 17· 7 17·11 11-1 11-7 

1U U4 Ul lll lll l!l 1.!1 Ul L41 Ul Ul Ul L74 1.11 U! 1J1 1.11 1.!1 1J1 1.41 U! 1JI 1.74 1JI 1JI tll !.!! !.14 !.47 

I 
1U U4 U7 L11 L15 1.!1 l!l U1 U7 L41 Ul U7 U4 L7! Ul Ul Ul 1. 1.11 1.!! 1J! 1.41 U1 1J1 1.71 1J! 1J! Ul t14 

11.! U4 Ul lll l14 lll l!l 1.!1 U4 L41 L41 U! Ul Ui L71 Ul 1.11 Ui 1J4 1.1! 1.!1 1.!1 1JI 1.47 l.il 1JI 1.75 1. 1. 
!4J 1.11 Ul Ul lll L11 L!1 l!l Ul Ui L41 L41 U! Ul Ui L7! L71 Ui 1.11 1JI 1JI 1.15 1.!1 1J1 1.41 1.41 U7 1JI 1.75 

NOTE: The required modulus of elasticity, E, in 1,000,000 pounds per square inch is shown at the bottom of this table, is limited to 2.6 million psi (17.92 x 106 kN/m2) and 
less, and is applicable to all lumber sizes shown. Spans are shown in feet-inches (I foot= 304.8 mm, I inch= 25.4 mm) and are limited to 26 feet (7925 mm) and 
less. 
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TABLE 23-V-R-12-RAFTERS WITH U180 DEFLECTION LIMITS 
The allowable bending stress (Fb) and modulus of elasticity (E) used in this table shall be from Tables 23-1-X-1 and 23-1-X-2 only. 

DESIGN CRITERIA: 
Strength- Live load of 50 psi (2.40 kN/m2) plus dead load of 20 psi (0.96 kN/m2) determines the required bending design value. 
Deflection- For 50 psi (2.40 kN/m2) live load. 
Limited to span in inches (mm) divided by 180. 

I 
I 
I 
I 
I I 
p ~ Bending Design Value, Fz, (psi) (x 0.00689 kNtm2) 

I 
I ; 
I I 
z I 
I I 

!'!) (II) 

x!UIIr - • • • • • 111 • • ,. n• lfll , . ,. ,. ,. 1711 ,. ,. -21. ml -t• --%111 --1!J 1·1 1·11 n 1·11 4-1 4-1 4-11 i-1 i-1 i-1 i-11 u 1-1 1-7 1-11 7-1 1-1 H 7·1 1-11 1-1 H .... ... 1·1 1-11 1-1 H 
! 1U 1·1 n 1·11 1-4 H 1·11 4-1 4-i 4-l 4-11 i-1 H n i-1 i-11 1·1 1-1 n 1-7 1·1 1-11 1-1 1-1 H 7-1 1-1 1-11 I.J 
X 

4 1U 1-11 1-4 !·I u 1-4 H 1·11 4-1 4-1 4-1 4-1 4-11 i-1 i-1 i-1 i-1 i-1 i-11 1-1 H H H 1-7 1-1 1-11 1-1 H 1-1 
!4J 1·1 1·1 n !·I 1·11 n I· I H 1·11 4-1 4-1 4-4 4-1 4-1 4-11 n i-1 i-1 u i-1 n i-1 i-11 H u 1-1 1·1 H 

1!J 1·11 4-1 H H 1-1 1-1 H 1·1 ... 1·11 .... ... 1H 11-i 11·1 11-1 11-i 11-1 1!-1 11-4 1!·7 11·11 11-! 11·1 11·1 11·11 14-1 14-1 
! 1U u 4-1 4-1 u i-1 H 1-1 7-1 H 7·1 1·1 1-i 1·1 1-1 .... 1-7 1-11 11-! 11-1 11·1 11-11 11-1 11·1 11-7 11-11 11·1 11-4 1!-1 
X 

I 1U I.J 1·1 4-1 4-l i-1 i-1 H .... I-I 1-1 H 7·1 1-11 1-1 ... ... ... 1-1 H I-I 1-11 IH 11-1 11·7 II-II 11-1 Il-l 11-i 
!U 1-1 u 1·11 4-1 ... n H n I.J .... 1·7 I-ll 7·1 H H 7·11 I· I u 1·1 1·1 1·11 1·1 .... H ... I-ll 11-1 Il-l 

I!J n u 1-1 1-11 ... .... IH 11-7 IH 11·1 1!·1 11-1 Il-l 11-1 14-1 14-7 II.J IH II· II 11·1 11·7 17-1 IH 17-1 11-1 11-i IH 11·1 
! IU 4-4 H H I-ll 1-1 I· I ... H ... IH 11·7 11-1 11-1 11-11 1!·1 Il-l Il-l IH II.J 14-1 14-4 14-1 IH IH 11·7 15-11 IU II.J 
X 

I IU 1·11 4·11 i-1 1-1 I-ll H 7·11 1·1 I· II 1-1 ... II· I 11·1 II· II IH 11-1 IHI II-! I!.J 11·11 11·1 IU IU 14-1 14-1 14-1 14-11 Ii-I 
!U 1-1 4-4 I.J i-1 u 1-7 7·1 1-1 1-11 .... 1·1 ... .... I-I Il-l 11-4 11-7 11-11 IH 11-1 11·1 I!.J Il-l I!.J 1!·1 IH IU IH 

I!J 1-1 1-11 H 11·1 11-1 IHI Il-l 11-1 14-1 1H 1U IU 11-11 17-1 11·1 11·7 11-Z Il-l II-! 11·1 !H !I.J !!·I !!·1 !I.J 11·1 11·11 !4-4 
! IU H 1·1 1-11 ... 1-7 11-4 11·1 11-1 11-4 II.J IH 14-1 14-1 11·! II.J II· I 11·7 11-1 11-1 17-11 11-4 11·1 1H 11-7 11·11 11-4 !I.J 11·1 
X 

II IU i-1 H H ... ... I-I II· I Il-l Il-l IHI 11-4 11·11 11-4 11·11 14-1 14-1 Ii-I IH 11·11 IH 11·1 11·1 11-1 17-11 11-Z II.J 11-11 11-1 
!U 4-1 H 1-1 H 1-11 1-i H 1·7 Il-l 11·7 11-1 11-1 IHI 11-4 1!·1 IU II.J 11·11 14-1 14-1 IH 11-4 Ii-I 15-11 11-1 11·7 11-11 IH 

I!J U4 Ul lll lll Ul Ul l.li l4! lil U1 lli l14 U! U1 1. 1.11 I .!I I .a ,_. Ul U! 1.11 1.14 I. !JI !.!1 U! !.41 

I 
IU U4 U1 l11 lll Ul Ui U1 U1 l41 Ul lil U4 Ln l11 U1 lli 1.14 1.1! 111 IJI 

,_. 
Ul I. 1.11 I. Ul !J1 !.1! 

IU U4 Ul lll l14 lll Ul Ul Ul Ul l4i w lil lli l7! l11 U1 ... IJI 1.11 1.11 1.!1 1J1 
,_. 

l.ii 1.14 1.74 1.14 1.14 
!4J Ul Ul Ul ll! lll l!1 Ui Ul l.li l. l. w Ul U4 Ln l11 ... U! Ul IJ1 1.14 Ill! Ul Ill 1.41 Ul 1.14 1.11 

NOTE: The required modulus of elasticity, E. in 1.000,000 pounds per square inch is shown at the bottom of this table, is limited to 2.6 million psi (17.92 x 106 kN/m2) and 
less, and is applicable to all lumber sizes shown. Spans are shown in feet-inches (I foot= 304.8 mm, I inch= 25.4 mm) and are limited to 26 feet (7925 mm) and 
less. 
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1994 UNIFORM BUILDING CODE 
CHAP. 23, DIV. VI 

2356-2358 

Division VI-DESIGN STANDARD FOR PLANK-AND-BEAM FRAMING 

Based on Wood Construction Data No. 4 (1970) 
of the American Forest and Paper Association 

SECTION 2356 - SCOPE 

This division covers plank-and-beam construction under the provisions of this code and is subject 
to the regulations of Division I. Tables in this division are for use where moderate uniform loads 
occur and are not applicable for concentrated loads such as partitions, bathtubs, refrigerators, etc. 
Sec also Table 23-1-U of Division I. 

SECTION 2357 - DEFINITION 

The plank-and-beam structural floor or roof system consists of a plank subtloor or roof decking 
with supporting beams spaced a maximum of 8 feet (2438 mm) on center. 

SECTION 2358- DESIGN 

The load strength and dctlection requirements for 2-inch (51 mm) planks and beams arc set forth in 
Tables 23-VI-A, 23-VI-B, 23-VI-C and 23-VI-D. 

The allowable unit stress f appropriate for each grade and species of lumber is set forth in Tables 
23-1-A-1, 23-1-A-2, 23-1-A-4 and 23-1-A-5. 

2-1179 



~ --Q) 
0 

LIVE 
LDAD 

(pounds 
PLANK per 
SPAN square 
(teet) loot) 

X 

304.8 x0.0479 
lormm lorkNtm2 

20 

6 30 

40 

20 

7 30 

40 

TABLE 23-VI·A-2-INCH (51 mm) PLANK-REQUIRED MINIMUM f AND E LIVE LOAD: 20, 30 AND 40 POUNDS 
PER SQUARE FOOT (0.96, 1.44 and 1.92 kN/m2) WITHOUT PLASTERED CEILING BELOW 

TYPE A TYPEB TYPEC TYPED 

~ efW ~·, " ~ ef,.,~ ~ tpsi fpsi tpsi fpsi fpsi fpsi tpsi fpsi 

DEFLECTION x 0.006891or N/mm2 
LIMITATION 

I 360 576,000 360 239,000 288 305,000 360 408,000 
240 

I 360 864,000 360 359,000 288 457,000 360 611,000 
360 

I 480 864,000 480 359,000 384 457,000 480 611,000 
240 

I 480 1 ,296,000 480 538,000 384 685,000 480 917,000 
360 

I 600 1,152,000 600 478,000 480 609,000 600 815,000 
240 

I 600 1,728,000 600 717,000 480 914,000 600 1,223,000 
360 

I 490 915,000 490 380,000 392 484,000 490 647,000 
240 

I 490 1,372,000 490 570,000 392 726,000 490 971,000 
360 

I 653 1,372,000 653 570,000 522 726,000 653 971,000 
240 

I 653 2,058,000 653 854,000 522 1,088,000 653 1,456,000 
360 

I 817 1,829,000 817 759,000 653 968,000 817 1,294,000 
240 

I 817 2,744,000 817 1' 139,000 653 1,451 ,000 817 1,941,000 
360 
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I 640 1,365,000 640 
240 

20 
I 640 2,048,000 640 

360 

I 853 2,048,000 853 
240 

8 30 
I 853 3,072,000 853 

360 

I 1,067 2,731,000 1067 
240 

40 
I 1,067 4,096,000 1067 

360 

567,000 512 722,000 

850,000 512 1,083,000 

850,000 682 1,083,000 

1,275,000 682 1,625,000 

1,134,000 853 1,444,000 

1,700,000 853 2,166,000 

640 

640 

853 

853 

1,067 

1,067 

966,000 

1,449,000 

1,449,000 

2,174,000 

1,932,000 

2,898,000 
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23-VI-B 1994 UNIFORM BUILDING CODE 

TABLE 23-VI-B-ROOF BEAM5-LIVE LOAD 20 POUNDS PER SQUARE FOOT (0.96 kNfm2)­
DEFLECTION LIMITATION U240 (not for support of plaster) 

SPAN MINIMUM I AND E IN PSI FOR BEAMS SPACED: 
OF NOMINAL 6'-0" (1829 mm) 7'-0" (2134 mm) 8'-0" (2438 mm) 

BEAM SIZE OF 
(feet) BEAM f E f I E f E 

X 304.8 
formm x 25.4formm x 0.00689 for N/mm2 

10 2-3 X 6 1.070 7!10,000 1,250 910.000 1,430 1,040,000 
1-3 x X 1.235 6XO,OOO 1,440 794.000 1,645 906.000 
2-2 x X 1,030 570,000 1,200 ()65.000 1,370 760,000 
l-4x 8 X!\0 485.000 1.030 566,000 1,175 M6,000 
3-2 X 8 685 380.000 800 443.000 915 506,()()0 
2-3 X 8 hl5 340.000 720 .l97,()(10 820 453,000 
2-2 X 10 630 273.000 735 219,000 840 364,000 

11 2-:' X 6 1.295 I ,037,000 1.510 121,000 1.730 1,382,000 
1-3 X 8 1,490 905,000 1.740 1.056,000 1.990 1,206.000 
2-2 X 8 1,245 ! 754,000 1.450 S80.000 1,660 1,005.000 
1-4x 8 1,065 647,000 1.245 755,000 i 1,420 862,000 
3-2 X 8 830 50J.OOO 970 5!-:7,000 1,105 670,000 
2-3 X 8 745 453.000 870 529,000 995 ()04,000 
2-2 X 10 765 .163,000 890 424,0110 1.020 484.000 

12 2-3 X() 1.545 1,346,000 1,800 1.571,000 2.060 1,794.000 
1-3 X 8 1.775 

i 
1.175.000 2.070 U71,0110 2,370 1,566.000 

2-2 X X 1,4SO 980,000 1.725 1.144,000 1,970 1,306.000 
l-4x 8 1,270 S40,0()(l 1.480 980,000 I 1.690 1,120,000 
3-2 X 8 985 653.000 1.150 762,000 ]JI5 870,()()() 
2-3 X S 890 588.000 l.O:.l5 ()86,000 ' 1,185 784,000 ' 
l--6x8 755 483,000 880 'i64,000 1.005 644,000 

2-2 X 10 910 472,000 1.060 551,000 1.210 629.000 
1-3 X 10 1.090 566,000 1.275 660.000 1,455 754.000 

13 2-3 X 6 1.815 1,711,000 2.110 1.997,000 2,415 2,281.000 
1-3 X 8 2,085 1.494,000 2.430 1,743,000 2,780 1,991,000 
2-2 X 8 1,740 1,245.000 2.()25 1 ,453.00(1 2,315 1.660,000 
1-4 x X 1.490 1,067.0!Xl 1.735 1.245,000 1.985 1.422,000 
3-2 x X 1.160 X30,000 1.150 969,00(1 1.545 1.106,000 
2-3 X X 1.045 747,000 1.215 872,00(1 I .. NO 996.000 
1--6 x X X85 614,000 1,040 716.()1XI I.IX5 818.000 

2-2 X 10 1.070 600,000 1.245 700.00(1 1.-nl 800,000 
1-.lx 10 1.280 719.000 1.495 839,00(1 1,710 95R,OOO 

·--
14 2--2 X 8 2,015 I ,555,000 2.350 ' 1.815,000 2.685 2.073,000 

3--2 X 8 1.340 1.()37 .000 1.570 1.210,000 1.7YO \,382,000 
2--3 X 8 1.210 933,000 1,410 1.089,000 1.61 () 1,244,000 
1--6 X 8 1.025 766,!X)O 1,200 894,00(1 1 .. no 1.021,000 

1-3 X J() 1.4X5 ! 899,000 1.710 1,049,00(1 1,980 1,198,000 
2-2 X 10 1.235 ! 749,000 I ,445 874,0011 I 1.650 998,000 
l-4x 10 i 1.060 642.000 1.240 749,00!.' 1.415 856,000 
3-2 X J0 X25 499.0()() 965 I 'i82,0011 1,1 no 665,000 
2-3 X 10 740 449,000 865 ! :'124,000 <)ll() 598,000 

-··--
15 3--2 X S 1.540 1,275.000 1,800 1.488,0011 2.055 1,699,000 

2--3 X 8 I .390 I, 148,000 1.620 1.340,00(1 1.850 1,530,000 
l--6x8 1.180 943,000 1,375 1.100,0()(1 1.570 1,257.000 

1-3 X 10 

I 

1.705 1.105,000 1,990 1,289.0(~ I 2,270 1,473,000 
2-2 X 10 1.4211 921,000 1.660 1.075.0011 1.895 1,228,000 
J-4 X 10 1.220 7X9.000 1.420 <!21,0011 1,()25 1.052,000 
3-2 X]() 950 ()14.000 1.1 O'i 117,0011 1.265 81X,OOO 
2-.1x 10 X 50 553.000 99'i 645,0011 I .I >5 737,000 
1-6 X]() 

I 

735 464,000 85'i ~41 ,0011 9)l0 618.000 
4-2 X 10 71(1 461,000 830 'i38JI()II 94'i 614,000 
2-2 X 10 '160 512,000 I, 120 597,110'1 1.2~0 682,000 

--- ---~~--- -~--- ---·--···· -· ~-··--
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1994 UNIFORM BUILDING CODE 23-VI-C 

TABLE 23-VI-C-ROOF BEAMs-LIVE LOAD 30 POUNDS PER SQUARE FOOT {1.44 kN/m2)­
DEFLECTION LIMITATION U240 {not for support of plaster) 

SPAN 
OF 

BEAM 
(feet) 

X 304.8 

NOMINAL 
SIZE OF 
BEAM 

6'·0" (1829 mm) 

E 

MINIMUM I AND E IN PSI FOR BEAMS SPACED: 

7'-0" (2134 mm) 8'-0" (2438 mm) 

f I E E 

for mm I x 25.4 for mm '0.00689 for Nlmm2 

10 2-3 X 6 1.430 1,170,000 1,670 1,365,000 ].905 1,560.000 
1-3 X 8 1.645 1,020,!Xl0 1,920 1,190,000 2.195 1,360.000 
1-4 X 8 l , 17 5 727,000 I ,3 70 848.000 I ,565 969,000 
3-2 X 8 915 570.000 1.070 665.000 1.220 760,000 
2-3 X X 820 510.000 955 595,000 1.095 680.000 
2--4 X X 590 364,000 690 425,000 785 485.000 
2-2xl0 840 409,!XJO 980 477,000 1.120 545.000 

II 2-3 X 6 1.725 1,555,000 2,015 1,815,000 2,300 2,073,000 
1-3 X 8 1,990 1.357,000 2,320 I ,584.000 2,655 Ul09.000 
1-4 x X I .420 970.000 1,660 I, 132.000 I.S95 1.293,000 
3-2 X s 1,105 754,000 1.290 X80,000 1.475 1.005,000 
2-3xK 995 679,000 1,160 792,000 L125 905.000 
2-4 x K 710 485,000 830 56h,OOO 945 646.000 
2-2 X 10 1,020 544,000 1,190 635,000 1,360 725,000 

12 1-4 X X 1,690 1.260,000 1,970 I 1,470,000 2.255 1,679.000 
3--2 x X 1,315 979,000 1.535 . 1,142.000 1,755 U05,000 
2-3 X X I, 185 882,000 1.385 1.029,000 1.580 l.176,!Xl0 
2--4 X 8 845 630,000 985 735,000 1.125 840.0(X) 
]-6 X 8 1.005 724,000 1.175 845.000 1.340 965.000 

2-2 X I 0 1,210 708,000 I ,410 826,000 l ,615 944,000 
3-2 x l 0 810 472,000 945 551.000 I ,OXO 629.000 
2-3 X 10 725 424,000 845 495,000 %5 565,lXlO 

13 l-4 X X 1,985 1,600.000 2,315 1.867,000 2.645 2.I33,!Xl0 
3-2 X 8 1.545 I ,245.000 l ,805 I ,453,000 2.060 l.65lJ,OOO 
2-3 X 8 U90 I 1,120,000 1,620 1,307,000 1.855 1,493.000 
2-4 X g 990 I 801,000 1 '155 935,000 1.320 I ,068.000 
1---6 X 8 1.180 . 921,0!Xl 1,_175 1,075,000 1.575 1,22X.OOO 

2-2 X I 0 1.425 900,000 1.665 l ,050,000 I ,900 1.200,000 
3-2 X 10 950 600,000 I 1.110 700,000 1,2h5 800,000 
2-3 X ]0 855 540,000 1,00() 630,000 1.]40 720.0()0 
1-4 x l 0 1.220 1 923,!Xl0 l ,425 l.(l79,000 I .6~o5 1,230,000 

I 14 I 3-2 X 8 l, 790 . 1,555,000 2,090 I ,815 ,O!Xl 2,3X5 2,07 3.000 
2-3x8 l.hiO 1.400,000 1,880 1,634.000 .:',145 L866,000 
2-4xH 1,150 1,000.000 1,_140 1,167.000 1,5.15 U3Hl00 
]--{)X X 1.370 1,149.000 1,600 1.341.000 1.825 1.532,000 

2-2 X 10 1.650 1,123,000 I ,925 1.310,000 2.200 1,497,000 
3-2x 10 1.100 748,000 1,2X5 873.000 1.465 997.000 
2-3 X 10 99() 673,000 1,155 785.00(1 1.320 897,000 
I-4 x 1 o 1.415 963 ,ooo 1 ,650 1. 124.ooo 1 .sg5 L28_,_ooo 
l---6x 10 91.~ 943.000 1,()7() ' 1,100,000 1.2~0 1.257,000 
2--4 X I 0 705 481,000 825 561.000 940 641 ,000 
-----t----c--::-: - ---
2-4 X 8 1.320 I ,230,000 I ,540 'I 1.435,1)()() 1.760 1,640,000 
l-6 X X 1.570 I 1..414,000 U~30 1,650,000 2,095 1,885.000 

2-2 X l 0 1.895 ' l .381,000 2,210 I ,612.000 2,5 25 1,841 .000 
3-2 X 10 1,260 92l,OlXl 1.470 . 1,075.000 1,680 l.22X,OOO 

15 

2-3x 10 1,U5 829.000 1.325 967.000 1,515 1.105,000 
l-4 X 10 1.620 1,183.0!Xl ! 1,890 1.380.000 2.160 l,577,(Xl0 
l-6 X 10 980 696,000 1,145 812.000 U05 928.000 
2-4 X l 0 810 592.(Xl0 945 691.000 1.080 789.000 
4-2 X 10 945 I 691.000 1,105 806.000 1.260 I 921,000 
1-8 X l () 720 l 510.000 840 595,000 LJ60 I 680,000 
2-2 X 12 1,280 768.000 1.495 L' X96,000 l ,705 I 1.024,000 
1--4 X 12 I ,095 658,000 1.280 768,00(1 1 ,460 877,000 

·-'-------- ------~- --- ----- --- ---' 
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23-VI-D 1994 UNIFORM BUILDING CODE 

TABLE 23-VI-D-ROOF AND FLOOR BEAMS--LIVE LOAD 40 POUNDS PER SQUARE FOOT 
(1.92 kNJm2)-DEFLECTION LIMITATION U360 (not for support of plaster) 

SPAN MINIMUM I AND E IN PSI FOR BEAMS SPACED: 
OF NOMINAL 6'·0" (1829 mm) 7' -0" (2134 mm) 8' ·0" (2438 mm) BEAM SIZE OF 

(feet) BEAM f E f E f E 

X 304.8 
formm x 25.41or mm x 0.00689 lor Nlmm2 

10 1-3 X 8 2,055 1,700,000 2.400 1,984,000 2,740 2,266,000 
2-2 X 8 1,710 1,417,000 1.995 1,654,000 2,280 1.889,()()0 
1-4x8 1,470 1,211,000 1.715 1,413,000 1.91>0 1.614,000 
1-6x 8 X75 697.000 1.020 X1.:l,OOO 1.1os 929,000 

2-2 X 10 1,050 681.000 1.225 795,00(\ 1.400 908.000 
1-3 X 10 1.260 819,000 1.470 95n,OOCI 1.680 1,092,000 
1-4 X 10 900 585,000 1.050 6XJ.OOO 1.200 780,000 

11 2-·2 X 8 2.070 1,886.000 2.415 2.201,000 2.7110 2,514.000 
1-4 X 8 1.775 1,616,000 2,070 1,886.0()(1 2.3n5 2,154.000 
1-6x8 1,055 929,000 1.230 1,084.00(1 1.405 1,238,000 

2-2 X 10 1.275 906,000 1.490 1,057.00(1 1.700 1.208,000 
1-:l X 10 1.575 1,090,000 1.780 1,272.00(1 2.030 1.453,000 
1-4 X 10 1,090 779.000 1.270 909,00(1 I .455 1.038,000 
3-2 X 10 850 605,000 990 7011,00(1 1.135 806,000 

12 1--6 X 8 1.255 1,206,000 1.465 1.407,000 1.670 1,607,000 
3--2 X 8 1.645 1,631.000 1.920 1.903,0()(1 2.190 2,174,000 
2-2 X 10 1.510 1,180,000 1.760 1.377,00(1 2.011} I ,573.000 
1-3 X 10 1.820 I ,415,000 2.125 1,651,01}(1 2.425 1,886,000 
1-4 X 10 1.300 1.010,000 1,515 1.179.00(1 1.7.15 1,346.000 
3-2 X 10 1.010 786,000 I, 180 917.0()(1 1,345 1,048.000 
2-3 X 10 905 706,000 1.055 824,000 I ,205 941,000 
1-6 X 10 785 594.()()() 915 691.000 1,045 792,000 
2-4 X 10 ()50 505.000 760 589,(:0() 8h5 673,000 

--u 1--6 X 8 1.720 2.046,000 1,475 1,535.000 1.791,000 1.965 
I 

2--J X 8 1.735 1,866,000 2.025 2.178,('10(\ 2..115 2,487,000 
2--4 X 8 1.235 1,335.000 1.440 1.558,00(1 1.645 1,779,000 
3-2 X 10 1.185 I ,O()(l,OOO 1,380 1,167.00(1 1.5XO 1.:nJ.orxl 

I 
2-2 X 10 1.780 1,5()(),()()0 2,075 1,750,(10(1 2.370 2,000.000 
1-3 X 10 2,130 1.799,()()0 2,485 2,099.(1()(1 2,840 2,398,000 
2-J X 10 1.070 900,000 1.250 1,050.(100 1,425 1,200.000 

_I 
1-4 X 10 1.525 1.537,000 1.780 1,794,000 2,0l5 2.049,000 
2-4 X 10 760 642,000 890 749,(~)11 1.015 856,000 

-
14 2-4 X 8 1,435 1,666.000 1.675 1.944,(1()1) 1.915 2.221,000 

I 
3-2 X 10 1..17." 1,246,000 1.605 1.454,0011 1.8l0 1,661,000 
2-3 X 10 1.23." 1,121.000 1,440 1.308,0011 1.645 1,494,000 
1-4 X 10 1.770 1,605,000 2,065 Ui73.00u :uno 2,139.000 

I 
2-4x 10 880 801,000 1,025 935.000 l.17:'i 1,068,000 
3-J X 10 I 825 749,000 960 874.000 1.100 998,000 
1--6 X 10 I 1.145 1.571,000 1.335 1,833.0011 I 1.525 2,094,000 I 
1--8 X 10 7!10 691,0()() 91(1 806.0011 I 1,040 921,000 
4--2 X 10 1,030 936.000 1,20(1 1,092.0011 1,375 1.248,000 
2--2xl2 1,395 1,040,0()() 1.630 1,214.001) 1.860 1.386,000 

15 3--2xl0 1,575 I ,535,0()(1 
---1---------

2.1()() 2,046,000 1.840 1.791.001) 
2--3 X 10 1.420 1,381.000 1.65:'i 1 ,612.fl00 1.!l90 1,841,000 
2-4 X 10 1.010 986,000 1.175 1,151.000 1.345 1,314,000 

I 
3--3 X 10 945 921,()()0 1.100 1.075.000 1,260 1,228,0()() 
l--6x 10 1.225 1,160,000 1,430 1,:\54.000 1 ,6."l5 I ,546.000 
Hlx10 900 850,000 1,050 992.1l01l 1,200 1,133,000 

I 4-2 "OJ I .180 I," I,<MIIl 1,.175 I, l43.1K"' 1,;75 I ,534,000 
2- 2 X 12 1.600 1.280,000 1.865 1 ,494.1)01) 2,130 1.706,000 
3--2 X 12 1,065 854.0()() 1.240 997,1)01) 1,420 1,13X,OOO 
1-1 X 12 1,920 1.536.000 2.240 I ,792.1l01l 2,560 2.047.000 I 
4--2 X 12 ROO 640.000 9,3~ 747 .I )01) 1.065 1\53.000 
2-:lx12 960 767,000 1.120 ~95.1)(1() 1.280 1,022,(~ 

----- -~-- ~----- __j_ ___ ----~------ - - -~--
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1994 UNIFORM BUILDING CODE 
CHAP. 23, DIV. VII 

2359-2360, 23-VII-A 

Division VII-DESIGN STANDARD FOR TEMPERATURE EFFECTS 

Based on National Design Specification for Wood Construction (1991 ), 
including the 1991 Supplement of the American Forest and Paper Association 

SECTION 2359 - SCOPE 

This division covers adjustments to design values for wood structural members which are exposed 

I 

by manufacturing and equipment processes to prolonged elevated temperatures between 1 oooF. I 
and 150°F. (37.8°C. and 65.6°C.). This division does not apply to wood members exposed to the 
normal range of climatic temperatures ordinarily encountered in buildings. 

SECTION 2360- WORKING STRESS 

Wood members heated to temperatures 100°F. and 150°F. (37.8°C. and 65.6°C.) for extended peri- I 
ods of time shall have the design values adjusted. The average factors given in Table 23-VII-A shall 
be used in making such adjustments. Tabulated adjustments are for immediate temperature effects. 

TABLE 23-VII-A-TEMPERATURE ADJUSTMENT FACTORS 

IN-SERVICE MOISTURE 1 00°F. < T,; 125°F. 125°F. < T ,;150°F. 
DESIGN VALUES CONDITIONS (37.8°C. < T,; 51.7°C.) (51.7°C. < T,; 65.6"C.) 

F1• E Wet or dry 0.9 0.9 

Fh, Fv, Fe, Fe and Dry 0.8 0.7 
connections Wet 0.7 0.5 
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CHAP. 23, DIV. VIII 
2361-2363.1 1994 UNIFORM BUILDING CODE 

Division VIII-DESIGN STANDARD FOR DESIGN PROVISIONS 
FOR SAWN LUMBER 

Based on the National Design Specification, 1991 Edition 

SECTION 2361 - SCOPE 

This division covers design practices of sawn lumber which are applicable to glued-laminated tim­
ber and similar solid-wood products. Design practices specified herein are acceptable under the 
requirements specified in Division I. 

SECTION 2362 - BEARING ON END GRAIN 

Allowable design values for end grain in bearing Fg are listed in Table 23-VIII-A. Values apply to 
the net area in bearing. Unit stresses in bearing on the end grain of wood, for parallel to grain, shall 
not exceed these design values. 

When the stress in end-grain bearing exceeds 75 percent of the values provided in this table, the 
bearing shall be on a metal plate or strap or on other durable, rigid, homogeneous material of ade­
quate strength. 

The design values for end-grain bearing apply to end-to-end bearing of compression members, 
provided there is adequate lateral support and the end cuts are accurately squared and parallel. 
When a rigid insert is required, it shall be of not less than a 20 gage [0.036 inch (0.91 mm) (No. 20 
galvanized sheet gage)] metal, or equivalent, inserted with a snug fit between abutting ends. 

Where the load at bearing is at an angle to grain, the maximum bearing value shall be determined 
by the Hankinson formula, using the design for end-grain bearing, parallel to grain in Table 
23-VIII-A and design values in compression perpendicular to grain in Tables 23-1-A-1, 23-1-A-2, 
23-1-A-3, 23-1-A-4, 23-1-A-5 and 23-1-A-6. 

SECTION 2363 - SLENDERNESS FACTOR AND FLEXURAL STRESS 

Where the depth of a bending member exceeds its breadth, lateral support shall be provided as spe­
cified in Section 2304.3.6 and the allowable design value modified in accordance with the follow­
ing sections. 

2363.1 Slenderness Factor. The slenderness factor for a bending member shall be calculated by 
the following formula: 
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1994 UNIFORM BUILDING CODE 
CHAP. 23, DIV. VIII 

2363.1-2363.2 

EFFECTIVE LENGTH, 19 , FOR BENDING MEMBERS 

Cantilever1 when fu!d < 7 when lufd > 7 
Uniformly distributed load I,= 1.331, I, = 0.90 111 + 3d 
Concentrated load at unsupported end I,= 1.87 1, 1,=1.441,+3d 

Single Span Beam! when 1,/d < 7 when l,ld> 7 
Uniformly distributed load le = 2.061, I, = 1.63 1, + 3d 
Concentrated load at center with no intermediate lateral support I,= 1.80 1, I, = 1.37 1, + 3d 

Concentrated load at center with lateral support at center 1,=1.111, 
Two equal concentrated loads at 113 points with lateral support 

at 113 points 
I,= 1.68 1, 

Three equal concentrated loads at '14 points with lateral support 
at 114 points 

I,= 1.54111 

Four equal concentrated loads at 11s points with lateral support 
at 11s points 

I,= 1.68 111 

Five equal concentrated loads at 116 points with lateral suppm1 
at 116 points 

I,= 1.73 111 

Six equal concentrated loads at I h points with lateral support at 
'h points 

le = 1.78 111 

Seven or more equal concentrated loads, evenly spaced, with I,= 1.84111 

lateral support at points of load application 

Equal end moments I,= 1.84111 

1 For single span or cantilever bending members with loading conditions not specified above. 
I, = 2.06 1, when l,ld < 7 
I,= 1.63 1, +3d when 7 ~ l,ld ~ 14.3 
I, = 1.84 111 when luld > 14.3 

When the compression edge of a bending member is supported throughout its length to prevent 
its lateral displacement and the ends at points of bearing have lateral support to prevent rotation, the 
unsupported length lu may be taken as zero. 

When lateral support is provided to prevent rotation at the points of end bearing but no other 
lateral support is provided throughout the length of the bending member, the unsupported length lu 
is the distance between such points of end bearing or the length of a cantilever. 

When a bending member is provided with lateral support to prevent rotational or lateral dis­
placement at intermediate points as well as at the ends, the unsupported length lu is the distance 
between such points of intermediate lateral support. 

The slenderness factor RB shall not exceed 50. 

2363.2 Allowable Stresses. The design values for extreme fiber in bending, F'h· and modulus of 
elasticity, E, used in the following formulae shall be modified in accordance with the provisions of 
Section 2304.3, except that the modification for size factor shall not apply to fh· 

Design value for extreme fiber in bending adjusted for slenderness factor F'h obtained from the 
following formula: 

WHERE: 

[
I+ (FbE/Fb*)]

2 

1.9 

Fh • = tabulated bending design value multiplied by all applicable modification factors except 
the size factor as specified in Section 2304.3 and Tables 23-I-A-1, 23-I-A-2, 23-1-A-4 and 
23-1-A-5, and the volume factor as specified in Section 2312. 
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CHAP. 23, DIV. VIII 
2363.2-2364 

KhEE' 
R;;2 

KbE 0.438 for visually graded lumber. 

1994 UNIFORM BUILDING CODE 

KbE 0.609 for products such as machine stress-rated lumber and glued-laminated timber. 

Members subjected to flexure about both principal axes (biaxial bending) shall be designed in 
accordance with Section 2308.2. 

SECTION 2364- HORIZONTAL SHEAR 

Design shear in sawn lumber bending members shall be determined in accordance with Section 
2306.3 or by the following provisions: 

EXCEPTION: These provisions and the horizontal shear stress values therein do not apply when design­
ing for horizontal shear in notched beams, joints, and beams supported by fastenings. 

For continuous or cantilevered bending members of sawn lumber 2 inches to 4 inches (51 mm to 
I 02 mm) (nominal) in thickness, the unit horizontal shear stress, fv, at any cross section which is 
five times or more the depth (actual) from the member end shall not exceed two times the shear 
design values, Fv. given in Tables 23-I-A-1, 23-I-A-2, 23-I-A-3, 23-I-A-4, 23-I-A-5 and 23-I-A-6. 
For southern pine, this shear stress shall not exceed [2 x 85 psi (0.586 N/mm2)] for lumberS-green, 
[2 x 90 psi (0.621 N/mm2)] for lumberS-dry, or [2 x 95 psi (0.655 N/mm2)] for lumber KD-15. For 
redwood and yellow poplar, this shear stress shall not exceed [2 x 80 psi (0.552 N/mm2)] and [2 x 
75 psi (0.517 N/mm2)], respectively. Shear design values, Fv, or equivalent values in this section 
are subject to modification in accordance with Section 2304.3, except for Note 7, Tables 23-I-A-1, 
23-I-A-2 and 23-I-A-3. 

In the stress grades of sawn lumber, allowances for checks, end splits and shakes have been in­
cluded in the shear design values in Tables 23-1-A-1, 23-I-A-2, 23-I-A-3, 23-I-A-4, 23-I-A-5 and 
23-I-A-6. For such members, the procedures of Section 2306.3 do not indicate the actual horizontal 
shear resistance because of the redistribution of shear stress that occurs in checked beams. 

Thus, for a sawn lumber bending member which does not qualify under Item 5 below, the shear 
force, V. may be determined in accordance with Items I and 2 below, and the limiting design shear 
stress value in accordance with Items 3 and 4 below: 

I. The design shear force is calculated as in Item 5, except that if there is a single moving load or 
one moving load that is considerably larger than any of the others, that load is placed at distances 
from each support equal to three times the depth of the bending member or at the quarter points, 
whichever is closer. Other loads are kept in their normal relation, and loads within a distance from 
supports equal to the depth of the bending member are neglected. The procedure in Item 2 shall be 
used when there are two or more moving loads of about equal weight and in proximity. 

2. In lieu of the simplified procedure in Item 1 above, the design shear force may be determined 
by the following formulas: 

For uniformly distributed load: 

v 
For concentrated load: 

v 

w (1 - 2d) c 
2 l,. v 

P (l,. - x) (xjd) 2 

l,. [2 + (xj d)2] 

jlc/d J 
Where Cv = 0.95 + 

250 
- 1.32 (d/() + 11.5 (djlc)· 

The factor Cv shall not exceed one. 
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2364 

For a combination of concentrated loads, Vis the sum VI + V2 + .... Vn resulting from each such 
load at its distance xI, x2, ... xn from the reaction. The load combination should be placed in that 
position which provides the maximum value for V. 

3. The methods set forth in Items I and 2 for determining design shear force, V, shall not result in 
horizontal shear stress,.fv, when calculated as in Section 2306.3, that exceeds the shear design val­
ues, Fv. published in Tables 23-1-A-1, 23-1-A-2, 23-1-A-3, 23-I-A-4, 23-I-A-5 and 23-I-A-6, and 
modified in accordance with Section 2304.3, and such other sections as may apply (but excepting 
Note 7 of Tables 23-I-A-1, 23-1-A-2 and 23-1-A-4). For southern pine, the design value in shear 
shall not exceed 85 psi (0.586 N/mm2) for lumber S-green, 90 psi (0.621 N/mm2) for lumber S-dry, 
or 95 psi (0.655 N/mm2) for lumber KD-15. For California redwood and yellow poplar the design 
value in shear shall not exceed 80 psi (0.552 N/mm2) and 75 psi (0.517 N/mm2), respectively. 

4. The provisions of Items I, 2 and 3 shall not permit allowable loads which induce horizontal 
shear stresses, .f.., when calculated as in Section 2306.3, and Item 5 that exceed two times the shear 
design values, F,., given in Tables 23-I-A-1, 23-I-A-2, 23-I-A-3, 23-I-A-4, 23-I-A-5 and 23-I-A-6. 
For southern pine, induced horizontal shear stress, J,., calculated as in Section 2306.3 and Item 5 
shall not exceed [2 x 85 psi (0.586 N/mm2)] for lumber S-grccn, [2 x 90 psi (0.621 N/mm2)] for 
lumberS-dry, or [2 x 95 psi (0.655 N/mm2)] for lumber KD-15. For California redwood and yellow 
poplar, induced horizontal shear stress,.fv, calculated as in Section 2306.3 and Item 5 shall not ex­
ceed [2 x 80 psi (0.552 N/mm2)] and [2 x 75 psi (0.517 N/mm2)], respectively. Shear design values, 
Fv, or equivalent values in the foregoing provisions are subject to modification in accordance with 
Section 2304.3 and such other sections as may apply (but excepting Note 7 of Tables 23-I-A-1, 
23-I-A-2 and 23-I-A-4) before application of the 2.0 factor. 

5. Calculation of design shear. When calculating the shear force, V, in bending members: 

5.1 All loads within a distance from supports equal to the depth of the bending member may be 
neglected for beams supported by full bearing on one surface and loads applied to the opposite 
surface (see Figure 23-VIII-I). 

5.2 With a single moving load, or one moving load that is considerably larger than any of the 
others, the load shall be placed at distances from each support equal to the depth of the bending 
member, keeping others in their normal relation. With two or more moving loads of about equal 
weight and in proximity, loads shall be placed in the position that produces the highest shear 
force, V, neglecting any load within a distance from a support equal to the depth of the bending 
member. 
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TABLE 23-VIII-A-DESIGN VALUES FOR END-GRAIN BEARING PARALLEL TO GRAIN 
ON A RIGID SURFACE, Fg, IN POUNDS PER SQUARE INCH 

SPECIES 

WET SERVICE 
CONDmONS1 

Ash, commercial white . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,370 

Aspen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 740 
Balsam fir . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,140 

Beech . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,190 
Birch, sweet and yellow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,150 
Black cottonwood . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 620 

California redwood . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 ,560 
California redwood, open grain . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,150 

Coast sitka spruce . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 950 
Coast species . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 950 
Cottonwood, eastern . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 760 

Douglas fir-larch (dense)4 . . . . . . . . . . . . . . . . . • • • • • • . . . . . . . . 1,570 
Douglas fir-larch4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I ,340 

Douglas fir south . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,220 
Eastern hemlock-tamarack4............................. 1,150 
Eastern hemlock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,140 

Eastern softwoods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 890 
Eastern spruce . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 890 
Eastern white pine4 . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . 900 

Eastern woods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 740 
Engelmann spruce-alpine fir . . . . . . . . . . . . . . . . . . . . . . . . . . . . 810 
Hem-fir4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,110 

Hickory and pecan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,370 
Idaho white pine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 930 

Lodgepole pine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 970 
Maple, black l)Jld sugar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I, 140 
Mountain hemlOck . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I ,070 

Mountain hemlOck~hem-fir . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,070 

DRY SERVICE CONDmONS1 

Sawn Lumber2 

More Than 4" Not More Than 4" 
(102 mm)Thick (102 mm)Thick3 

x 0.00689 for N/mm2 

1,510 2,060 

820 1,110 
1,250 1,710 

1,310 1,780 
1,260 1,720 

690 930 
1,720 2,270 
1,270 1,670 

1,040 1,420 
1,040 1,420 

840 1,150 

1,730 2,360 

1,480 2,020 

1,340 1,820 

1,270 1,730 
1,260 1,710 

980 1,340 

980 1,340 

1,000 1,360 

820 1,110 

890 1,220 

1,220 1,670 

1,510 2,050 
1,020 1,390 

1,060 1,450 
1,260 1,710 

1,170 1,600 

1,170 1,600 

N 
~ 

~ 
:i> 

Glued-laminated Tlmber 

2,400 
1,300 

1,990 
2,080 
2,010 

1,090 
2,620 

1,940 
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2,350 
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2,020 
2,000 
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1,560 
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~ .... .... 
CD .... 

Northern aspen ........................................ 740 810 1,110 1,290 
Northern pine ......................................... 1,040 1,150 1,570 1,830 
Northern species ....................................... 880 970 1,320 1,540 
Northern white cedar ................................... 740 810 1,110 1,290 
Oak, red and white ..................................... 1,060 1,160 1,590 1,850 
Ponderosa pine-sugar pine .............................. 910 1,000 1,370 1,600 
Red pine •••••• •••••••• •••••••••••••••••••••••••••••• 0 880 970 1,320 1,540 
Sitka spruce .......................................... 990 1,090 1,480 1,730 
Southern cypress •••••••••••• 0 ••••••••••••••••••••• 0 ••• 1,330 1,460 1,990 2,320 
Southern pine (dense) ................................... 1,540 1,690 2,310 2,690 
Southern pine ............. ······ ...................... 1,320 1,450 1,970 2,300 
Spruce-pine-fir ....................................... 940 1,040 1,410 1,650 
Sweetgum and tupelo ................................... 1,020 1,120 1,530 1,780 
Virginia pine-pond pine •••••••••••••••••••••••••••••• 0. 1,270 1,390 1,800 2,220 
Western cedars4 

•••••••• ••••••••••••••• •••••• 0 ••••••••• 
1,040 1,140 1,820 1,750 

Western hemlock 
••••••• 0 •••••••• ••••••••••••••••••• 0 •• 1,240 1,360 1,860 2,170 

Western white pine ..................................... 930 1,030 1,400 1,630 
White woods (western woods) ..... ······· ................ 810 890 1,220 1,420 
West coast woods (mixed species) ......................... 810 890 1,220 1,420 
Yellow poplar ......................................... 890 980 1,340 1,560 

1 Wet and dry service conditions are defined for sawn lumber and for glued-laminated timber (Section 2304.3). 
2 Applies to sawn lumber members which are at a moisture content of 19 percent or less when full design load is applied, regardless of moisture content at time of manufacture. 
3When 4-inch (102 mm) or thinner sawn lumber is surfaced at a moisture content of 15 percent or less and is used under dry service conditions, the values listed for 

glued-laminated timber may be applied. 
4Values also apply when species name includes the designation "North." 
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A 

Loads to left 
of lineA-A 

may be ignored 

FIGURE 23-VIII-1-LOADS WHICH MAY BE OMITTED 

Chapters 24-34 

Chapters 24 through 34 are printed in Volume 1 of the Uniform Building Code. 
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Appendix 
Appendix Chapters 3 through 15 are printed in Volume 1 

of the Uniform Building Code 

Appendix Chapter 16 

STRUCTURAL FORCES 

Division I-SNOW LOAD DESIGN 

SECTION 1634- GENERAL 

1634.1 Scope. Buildings, structures and portions thereof shall be designed and constructed to sus­
tain all dead loads plus live loads as provided by Table 16-C or snow loads as defined in this division 
where such snow loads will result in larger members or connections. 

1634.2 Definitions. For the purpose of this appendix, certain terms are defined as follows: 

HEATED GREENHOUSE is a production greenhouse provided with heating facilities capable 
of maintaining an interior temperature of no less than 50°F. (I 0°C.) at any point 3 feet (914 mm) 
above the floor, and provided with roof-ceiling assembly with a thermal resistance (R) less than 2.0. 

PRODUCTION GREENHOUSE is a greenhouse used exclusively for the growing of flowers 
or plants on a production basis or for research, with no public access. 

SECTION 1635- NOTATIONS 

a roof slope expressed in degrees. 

B width of projection measured parallel to ridge, feet (m). Minimum assumed width shall be 
I foot (305 mm). 

C,. snow exposure factor (see Table A-16-A). 

~,. slope-reduction factor. 

C,. valley design coefficient (see Figure A-16-11 ). 

D density of snow, pounds per cubic foot (pet) (N/m3) (refer to Formula 41-2). 

f~, icc splitter horizontal load, pounds (N). 

f~. icc splitter snow weight, pounds (N). 

h, height of balanced snow load on lower roof or deck, feet (m). 

lzc1 maximum height of drift surcharge, feet (m) (refer to Formula 41-1 ). 

lzli depth of ground snow (as determined by the building official), feet (m). 

h, difference in height between the upper and lower roof or deck, feet (m). 

I importance factor (see Table A-16-B). 

L horizontal distance between projection and ridge, feet (m). 

Pr minimum roof snow load, pounds per square foot (pst) (N/m2). 

Pli basic ground snow load, psf (N/m2). 

P111 maximum intensity of the load at the height change, psf (N/m2). 

S horizontal separation between adjacent structures, feet (m) (see Figure A-16-5). 

H-j, horizontal dimension in feet of upper roof normal to the line of change in roof level, hut 
not less than 50 feet ( 15.2 m), or greater than 500 feet (152.4 m). 

wt! width of drift, base of triangular drift load, feet (m). 
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X vertical component of roof slope (rise), feet (m). 

Y horizontal component of roof slope (run), feet (m). 

SECTION 1636 - GROUND SNOW LOADS 

The ground snow load, P!i, to be used in the determination of design snow loads for buildings and 
other structures shall be as shown in Figures A-16-1, A-16-2 and A-16-3. For the hatched areas in 
Figure A-16-1, the basic ground snow loads shall be determined by the building official. The 
ground snow load, P!i, may be adjusted by the building official when a registered engineer or archi­
tect submits data substantiating the adjustments. 

SECTION 1637 - ROOF SNOW LOADS 

The value of roof (or other member) snow load, P1, shall be determined by the following formula: 

Pr= Ce I P!i (37-IA) 

where C, is given in Table A-16-A and I is given in Table A-16-B. 

EXCEPTION: The value of roof snow load, P1. for heated greenhouses shall be determined by the follow­
ing formula: 

(37-IB) 

The roof snow load shall be assumed to act vertically upon the area projected upon a horizontal 
plane. Portions of curved roofs or inclined walls having a slope exceeding 70 degrees shall be con­
sidered free from snow load. The point at which the slope exceeds 70 degrees shall be considered 
the cave for such roofs. For curved roofs, the roof slope factor, C,,., shall be determined from the 
appropriate slope reduction formula by basing the slope on the vertical angle from the cave to the 
crown. 

Where roof snow loads are in excess of 20 psf (958 N/m2) and a is greater than 30 degrees, For­
mula (37-1 A) or (37-1 B) may be multiplied by C,, given by the formula: 

C.= ,\ 
(37-2A) 

for unobstructed slippery surfaces, and 

C = 1 a- 45 
I -~ (37-28) 

for all other surfaces where a is greater than 45 degrees. 

EXCEPTION: For heated greenhouses C:, is given in the formulas: 

C I 
(a- 15) . b d 1. 1. ·' = -

55 
lor uno structe s tppery sur aces (37-2C) 

C I (a - 30) f h f ·' = - 40 or ot er sur aces (37-20) 

Where the ground snow load P!i is greater than I 00 psf ( 4 788 N/m2) and a is greater than 20 de­
grees, 

For SI: 

2-1200 

c., = I - (Pr ;, 20)(a ~020) 

C.,= I - (p' ~~958)(a ~020) 

(37-2E) 
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The following conditions must be met before using Formulas (37-2A), (37-2B), (37-2C), 
(37-20) and (37-2E): 

I. The height of all caves exceeds hli, and 

2. There are no obstructions adjacent to the structure for a distance hli measured from the eave 
normal to the ridge line. 

Where the cave height is less than hli but greater than hli /2, and condition 2 above is met, the roof 
snow load reduction represented by the last term in Formulas (37-2A), (37-2B) and (37-2C) shall be 
divided by 2. 

3. If PI! is 20 psf (958 N/m2) or less, design roof snow load must not be less than PI!. If PI! exceeds 
20 psf (958 N/m2), design roof snow load must not be less than 20 psf (958 N/m2). 

4. Reduced roof loads where PI! exceeds 70 psf (3352 N/m2) shall not be less than those obtained 
through usc of Formula (37-1 A) for PI! equal to 70 psf (3352 Nfm2). 

SECTION 1638- UNBALANCED SNOW LOADS, GABLE ROOFS 

1638.1 General. In addition to the balanced load condition, unbalanced loading shall be consid­
ered for gable roofs in accordance with this section. 

1638.2 Single-gable Roofs. Single-gable roofs with slopes greater than 1 h 12 and less than 3: 12 
shall be designed to sustain a uniformly distributed load of 0.5 Pr acting on one slope and 1.0 Pr on 
the opposite slope. Roofs with slopes greater than 3:12 shall be designed to sustain a uniformly dis­
tributed load equal to 1.25 Pr applied to one slope only. 

1638.3 Multiple-gable Roofs. 

1638.3.1 With parallel ridge lines. For multiple-gable roofs with parallel ridge lines having 
slopes exceeding 2:12, the roof snow load shall be increased from one half the applicable uniform 
roof load at the ridge (0.5Pr) to three times the uniform load at the valley (3.0 P1). 

1638.3.2 With nonparallel ridge lines. Structural members at roof valleys for multiple-gable 
roofs having intersecting ridge lines in areas where PI! is greater than 70 psf (3352 N/m2) and where 
the slope is 3: 12 or greater shall be designed for Pr times Cv and the distribution of loads is as shown 
in Figures A-16-12 and A-16-13 where Cv shalf be determined from Figure A-16-11. 

SECTION 1639- UNBALANCED SNOW LOAD FOR CURVED ROOFS 

Portions of curved roofs having a slope exceeding 70 degrees shall be considered free of snow load. 
The equivalent slope of a curved roof for calculating Cs is equal to the slope of a line from the point 
at which the slope exceeds 70 degrees to the crown. If the equivalent slope is less than I 0 degrees or 
greater than 60 degrees, unbalanced snow loads need not be considered. 

In all cases the windward side shall be considered free of snow. The unbalanced load varies lin­
early from 0.5~,. Pr to 2~, PrICe where the slope is 30 degrees and decreasing to 

2C., Pr( a - 30) 
~ 1-~ attheeave. 

If the ground or another roof abuts an arched roof structure with a slope exceeding 30 degrees at 
or within 3 feet (914 mm) of its eave, the snow load shall not be decreased between the 30-degree 
point and the cave, but shall remain constant at 2~, PriCe. 

SECTION 1640- SPECIAL EAVE REQUIREMENTS 

Eave overhanging roof structures shall be designed to sustain a uniformly distributed load of 2.0 Pr, 
or as determined by the building official, to account for ice dams and snow accumulation as shown 
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in Figure A-16-1 0. Heat strips or other exposed heat methods may not be used in lieu of this design 
niterion. For shingle or shake roofs, hot or cold underlayment roofing is required on all roofs from 
the building edge for a distance of 5 feet (1524 mm) or to the ridge, whichever is less. All building 
exits under down-slope eaves shall be protected from sliding snow and icc. 

SECTION 1641- DRIFT LOADS ON LOWER ROOFS, DECKS AND ROOF 
PROJECTIONS 

1641.1 General. Multilevel roofs, lower roofs and decks of adjacent structures and roofs adjacent 
to projections shall be designed in accordance with this section. 

1641.2 Drift Loads for Lower Roofs. The geometry of the surcharge load produced by snow 
drifting shall be taken as the triangular load distributions shown in Figures A-16-4, A-16-5, A-16-6, 
A-16-7 and A-16-8. The height of the drift shall be calculated according to the formula: 

h" = 0.43 ~ ~Pg + 10 - 1.5 (41-1) 

For SI: Multiply by 305 for mm. 

The value of hd can be taken from Figure A-16-9 for Wh.::;. 600 feet (182.9 m). 

WHERE: 

D=0.13Pg+ 14.0::;35pcf 

For SI: D = 0.43 P!i + 2198 :s; 5495. 

(41-2) 

The width of the drift, W£1, in feet (m), shall be taken as the smaller of 4hd or 4 (hr- hh). If Wd 
exceeds the width of the lower roof, the drift shall be truncated at the far edge of the roof, not re­
duced to zero at this location. Drift loads need be considered only when: 

WHERE: 

hh = P1w 
and where P1 is evaluated on the basis of the lower roof. 

( 41-3) 

The maximum intensity, P111 , of the snow load at the high point of the drift in pounds per square 
foot (N/m2) is given by: 

(41-4) 

1641.3 Roof of an Adjacent Lower Structure. Drifts may occur on lower roofs of structures 
sited within 20 feet (6.1 m) of a higher structure as depicted in Figure A-16-5. The height of the 
surcharge on the lower structure shall be taken as hd multiplied by (20 - S)/20 [For SI: (6.1 -
S)/6.1]to account for the horizontal separation between structures, S, in feet (m). 

1641.4 Sliding Snow. Lower roofs which arc located below roofs having a slope greater than 2:12 
shall be designed for an increase in drift height of 0.4hd, except that the total drift surcharge ( 1.4 hd ) 
shall not exceed the height of the roof above the uniform snow depth (hr- hh ). Sliding snow need not 
he considered if the lower roof is separated a distance, S, greater than hr or 20 feet (6.1 m) as shown 
in Figures A-16-5 and A-16-6. 

1641.5 Roof Projections. Mechanical equipment, penthouses, parapets and other projections 
above the roof can produce drifting as depicted in Figure A-16-7. Such drift loads shall be calcu­
lated on all sides of projections having horizontal dimensions exceeding 15 feet (4.6 m). Drifts 
created at the perimeter of the roof by projections shall be computed using half the drift height from 
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Formula (41-1) (i.e., 0.5 hd) with Wh taken equal to the length of the roof associated with the projec­
tions. The value of Wh shall be taken as the maximum distance from the projection to the edges of 
the roof, or 50 feet ( 15.2 m), whichever is less. 

1641.6 Intersecting Drifts. When one snow drift intersects another at an angle as depicted in Fig­
ure A-16-8, the maximum unit pressure of the drift shall be taken as the greater of the two individual 
drifts, but not the sum of the two. The total load on the area of intersection is increased, however, 
simply because of the assumed geometry of the intersecting drifts. 

SECTION 1642 - RAIN ON SNOW 

In geographic areas where intense rains may add to the roof snow load, the building official may 
require the usc of an additional rain on snow surcharge of 5 psf (239 N/m2). This surcharge may be 
disregarded where roof slopes exceed 1h 12 or where the basic ground snow load, PI!, exceeds 50 
psf (2394 N/m2). See Section 1605.6 for ponding. 

SECTION 1643 - DEFLECTIONS 

For roof slopes less than 1/2: 12, the deflection of any structural member shall not exceed L/ 180 eval­
uated on the basis of roof snow loads plus K times dead load, where K is defined in Table 16-E. 

SECTION 1644 - IMPACT LOADS 

Whenever PI! exceeds 70 psf (3352 N/m2), structures which could be subjected to impact loads 
(snow unloading from a higher root) shall be designed for impact loading. 

SECTION 1645 - VERTICAL OBSTRUCTIONS 

Whenever PK exceeds 70 psf (3352 N/m2), roof projections which could be subjected to sliding ice 
or snow shall be protected with ice splitters or crickets, or shall be designed for these forces. These 
conditions apply whenever the roof slope is 3:12 or greater [except those projections within 36 in­
ches (914 mm) of the ridge]. All icc splitters shall be constructed the full width of the projection 
base (sec Figure A-16-14 ). 

Icc splitters shall be designed for a horizontal force F., and the resultant moment produced from 
f~, being applied at midhcight of the splitter given by: 

F = F .. X 
, Jxz + yz 

(45-1) 

WHERE: 

Fv = L (0.5L + B) Pr 

The projection width, B, shall not exceed 6 feet ( 1829 mm) where the roof slope is greater than 
2: 12 unless approved by the building official. Chimneys and similar projections at or near the cave 
of a roof shall have footings and roof/wall ties designed to resist the force of the sliding snow. 
Cross-grain bending of wood ledgers and edge nailing of plywood shall not be considered to resist 
such forces. Snow melting equipment shall not be considered to reduce the required design loads. 

TABLE A·16·A-5NOW EXPOSURE COEFFICIENT (C8 J1,2 

I. Roofs located in generally open terrain extending one-half mile (804.7 m) or more from the 0.6 
strudure. 

2. Structures located in densely forested or sheltered areas. 0.9 

3. All other structures. 0.7 
. . 

I The butldtng offictal may detenmne thts coefftctent for spectfic structures with spectallocal condtttons. For Alaska . 
Arizona and Hawaii, the coefficient shall be determined by the building officiaL 

2por roofs at or near grade with slopes less than 3:12 or decks at or ncar grade. Ce equals 1.0. 
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TABLE A-16-B-VALUES FOR OCCUPANCY IMPORTANCE FACTOR I 
I 

-
TYPE OF OCCUPANCY Snow 

--
I. Essential facilities. 1.15 

2. Any building where the primary occupancy is for assembly 
use for more than 300 persons (in one room). 

1.15 
·- --

3. Agricultural buildings. production greenhouses and other mi,. 0.9 
cellaneous structures. 

4 . All others. 1.0 
- -· 

~ In these areas extreme local variations in snow loads preclude mapping at this scale; ground snow 
IIi] load, P9 , shall be established by the building official. 

~ The zoned value is not appropriate for certain geographic settings, such as high country; in these 
~ areas, ground snow load, P9 , shall be established by the building official. 

~ In these areas, ground snow load, P9 , shall be established by the building official. 

D Those areas shown as 0 psf, 5 psf and 10 psf (0 N;m2, 239 N/rn 2 and 479 NJm2) are for information 
only. 
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FIGURE A-16-1-GROUND SNOW LOAD, P9, FOR 50-YEAR MEAN 
RECURRENCE INTERVAL FOR THE WESTERN UNITED STATES, 

Pounds per square foot ( x 47.8 for NJm2) 
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D 

II .. 
' 

Those areas shown as 0 psf, 5 psf and 10 psf (0 NJm2, 239 N/m2 and 479 N/m2) are for information 
only. 

In these areas, extreme local variations in snow loads preclude mapping at this scale; ground snow 
load, P9, shall be established by the building official. 

The zoned value is not appropriate for certain geographic settings, such as high country; in these 
areas, ground snow load, P9 , shall be established by the building official. 

FIGURE A-16-2-GROUND SNOW LOAD, P9, FOR 50-YEAR MEAN 
RECURRENCE INTERVAL FOR THE CENTRAL UNITED STATES, 

Pounds per square foot ( x 47.8 for Nfm2) 
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D 

• -. 
2-1206 

Those areas shown as 0 psf, 5 psf and 10 psf (0 N/m2, 239 N/m2 and 479 N/m2) are for information 
only. 

In these areas, extreme local variations in snow loads preclude mapping at this scale; ground snow 
load, P9 , shall be established by the building official. 

The zoned value is not appropriate for certain geographic settings, such as high country; in these 
areas, ground snow load, P9 , shall be established by the building official. 

FIGURE A-16-3--GROUND SNOW LOAD, P9 , FOR 50-YEAR MEAN 
RECURRENCE INTERVAL FOR THE EASTERN UNITED STATES, 

Pounds per square foot ( x 47.8 for N/m2) 
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FIGURE A-16-4-DRIFTING SNOW ON LOW ROOFS AND DECKS 

For SI: h [6.1 - S] 
d 6.1-

FIGURE A-16-5-DRIFTING SNOW ONTO ADJACENT LOW STRUCTURES 

wb 

SLIDING SURCHARGE 

~ '-,,.,=..,.-.:;:- P1 (lower) 
:~.~~:,n:~·:'m'\.:_f:,-::--'!'~1,;I!h 
lSt;i;''l.f ·\~~ ·~:~:;,..~-..;('-,"£.1. .;-.:-;:' 

FIGURE A-16-6-ADDITIONAL SURCHARGE DUE TO SLIDING SNOW 
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wb, 
ROOF 
PROJECTION 

P, 

hd lhr 

hb 

FIGURE A-16-7-SNOW DRIFTING AT ROOF PROJECTIONS 

FIGURE A-16-8--INTERSECTING SNOW DRIFTS 

NOTE: 

?,/-4' 
h,11 0.43 ..; W" 1 JP~ + 10 - 1.5 

h"" o.43 Yw"2 ~ P, + lo 1.5 

For SI: Multiply by 304.l\ for mm. 

Pr is evaluated on the basis of upper roof. 
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-
=--~1---------:::;:;r1.o ...-: 

2 <·· 
1 r::::.:'..._': zrVALLEY 

1.0"11 ...,....?' • •: - _ ''./ -~Cv Ji('10 

Ii~:, 
----------~~--~~~~~-t-T-+~~~~~4-4-+-~~ RIDGE 

1 
1.0 

VALI.EY 

~::::t:--_____..:~31 .0 

DENOTES INCREASED LOAD AREA 
1. Load is constant on lines connecting points noted 1.0. 
2. Load is constant on lines connecting points noted Cv. 
3. Load varies linearly between 1 0 and Cv 

FIGURE A-16-12-VALLEY DESIGN COEFFICIENTS, Cv 
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DENOTES INCREASED LOAD AREA 
1. Load is constant on lines connecting points noted 1.0 
2. Load is constant on lines connecting points noted Cv. 
3. Load varies linearly between 1.0 and Cv 

ROOF 
INTERSECTION 

ANGLE 

FIGURE A-16-13--VALLEY DESIGN COEFFICIENTS, C., 
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FIGURE A-16-14-ICE SPLITIER-PLAN VIEW 
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Division II-EARTHQUAKE RECORDING INSTRUMENTATION 

SECTION 1646- GENERAL 

In Seismic Zones 3 and 4 every building over six stories in height with an aggregate !loor area of 
60,000 square feet (5574 m2) or more, and every building over 10 stories in height regardless of 
lloor area, shall he provided with not less than three approved recording accelerographs. 

SECTION 1647 - LOCATION 

The instruments shall be located in the basement, mid portion, and near the top of the building. Each 
instrument shall be located so that access is maintained at all times and is unobstructed by room 
contents. A sign stating MAINTAIN CLEAR ACCESS TO THIS INSTRUMENT shall be posted 
in a conspicuous location. 

SECTION 1648 - MAINTENANCE 

Maintenance and service of the instruments shall be provided by the owner of the building, subject 
to the approval of the building official. Data produced by the instruments shall be made available to 
the building official on request. 

SECTION 1649 - INSTRUMENTATION OF EXISTING BUILDINGS 

All owners of existing structures selected by the jurisdiction authorities shall provide accessible 
space for the installation of appropriate earthquake-recording instruments. Location of said instru­
ments shall be determined by the jurisdiction authorities. The jurisdiction authorities shall make 
arrangements to provide, maintain and service the instruments. Data shall be the property of the 
jurisdiction, but copies of individual records shall be made available to the public on request and the 
payment of an appropriate fee. 

Location 
ASIA 

Turkey 
Ankara 
Karamursd 

ATLANTIC OCEAN AREA 
Azores 
Bermuda 

CARIBBEAN SEA 
Bahama Islands 
Canal Zone 
Leeward Islands 
Puerto Rko 
Trinidad Island 

NORTH AMERICA 
Greenland 
Iceland 

Kellavik 

2-1214 

SEISMIC ZONE TABULATION 
For Areas outside the United States 

Seismic Zone 

2 
3 

2 

2 
3 
3 
2 

Location 

PACIFIC OCEAN AREA 
Caroline Island 

Koror, Paulau 
Ponape 
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Division Ill-EARTHQUAKE REGULATIONS FOR 
SEISMIC-ISOLATED STRUCTURES 

SECTION 1650- GENERAL 

Every seismic-isolated structure and every portion thereof shall be designed and constructed in ac­
cordance with the requirements of this division and the applicable requirements of Chapter 16, Part 
III. 

The lateral-force-resisting system and the isolation system shall be designed to resist the defor­
mations and stresses produced by the effects of seismic ground motions as provided in this division. 

Where wind forces prescribed by Chapter 16, Part II, produce greater deformations or stresses, 
such loads shall be used for design in lieu of the deformations and stresses resulting from earth­
quake forces. 

SECTION 1651- DEFINITIONS 

The definitions of Section 1625 and the following apply to the provisions of this division: 

DESIGN-BASIS EARTHQUAKE is defined in Section 1629.2. 

DESIGN DISPLACEMENT is the design-basis earthquake lateral displacement, excluding 
additional displacement due to actual and accidental torsion, required for design of the isolation 
system. 

EFFECTIVE DAMPING is the value of equivalent viscous damping corresponding to energy 
dissipated during cyclic response of the isolation system. 

EFFECTIVE STIFFNESS is the value of the lateral force in the isolation system, or an element 
thereof, divided by the corresponding lateral displacement. 

ISOLATION INTERFACE is the boundary between the upper portion of the structure, which is 
isolated, and the lower portion of the structure, which moves rigidly with the ground. 

ISOLATION SYSTEM is the collection of structural elements which includes all individual 
isolator units, all structural elements which transfer force between elements of the isolation system, 
and all connections to other structural elements. The isolation system also includes the wind­
restraint system if such a system is used to meet the design requirements of this section. 

ISOLATOR UNIT is a horizontally flexible and vertically stiff structural element of the isola­
tion system which permits large lateral deformations under design seismic load. An isolator unit 
may be used either as part of or in addition to the weight-supporting system of the building. 

MAXIMUM CAPABLE EARTHQUAKE is the maximum level of earthquake ground shak-~ 
ing which may ever be expected at the building site within the known geological framework. In 
Seismic Zones 3 and 4, this intensity may be taken as the level of earthquake ground motion that has 
a I 0 percent probability of being exceeded in a I 00-year time period. 

TOTAL DESIGN DISPLACEMENT is the design-basis earthquake lateral displacement, in­
cluding additional displacement due to actual and accidental torsion, required for design of the iso­
lation system, or an clement thereof. 

TOTAL MAXIMUM DISPLACEMENT is the maximum capable earthquake lateral dis- I 
placement, including additional displacement due to actual and accidental torsion, required for ver­
ification of the stability of the isolation system, or elements thereof, design of building separations, 
and vertical load testing of isolator unit prototypes. 

WIND-RESTRAINT SYSTEM is the collection of structural elements which provide restraint 
of the seismic-isolated structure for wind loads. The wind-restraint system may be either an integral 
part of isolator units or may be a separate device. 
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SECTION 1652- SYMBOLS AND NOTATIONS 

The symbols and notations of Section 1626 and the following provisions apply to the provisions of 
this division: 

B numerical coefficient related to the effective damping of the isolation system as set 
forth in Table A-16-E. 

h 
/) 

/)' 

Dr 

the shortest plan dimension of the structure, in feet (mm), measured perpendicular to d. 
design displacement, in inches (mm), at the center of rigidity of the isolation system in 
the direction under consideration, as prescribed by Formula (54-I). 
design displacement, in inches (mm), at the center of rigidity of the isolation system in 
the direction under consideration, as prescribed by Formula (55-I). 
total design displacement, in inches (mm), of an element of the isolation system includ­
ing both translational displacement at the center of rigidity, D, and the component of 
torsional displacement in the direction under consideration, as specified in Section 
1654.3.3. 

I>rM total maximum displacement, in inches (mm), of an element of the isolation system, 
including both translational displacement at the center of rigidity and the component of 
torsional displacement in the direction under consideration, as prescribed by Formula 

d 
e 

F-

f~I-;;IX 

f~,-;;11 

F+ 

Fn~x 

f~,-:;11 

kef! 
kfi/{/X 

kmi11 

MM 

N 

Rwl 

s, 
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(54-4). 
the longest plan dimension of the structure, in feet (mm). 
the actual eccentricity, in feet (mm), measured in plan between the center of mass of the 
structure above the isolation interface and the center of rigidity of the isolation system, 
plus accidental eccentricity, in feet (mm), taken as 5 percent of the maximum building 
dimension perpendicular to the direction of force under consideration. 
maximum negative force in an isolator unit during a single cycle of prototype testing at 
a displacement amplitude of~-. 
maximum negative force in an isolator unit for all cycles of prototype testing at a com­
mon displacement amplitude of~-. 

minimum negative force in an isolator unit for all cycles of prototype testing at a com­
mon displacement amplitude of~-. 

maximum positive force in an isolator unit during a single cycle of prototype testing at a 
displacement amplitude of~+. 
maximum positive force in an isolator unit for all cycles of prototype testing at a com­
mon displacement amplitude of~+. 
minimum positive force in an isolator unit for all cycles of prototype testing at a com­
mon displacement amplitude of~+. 
effective stiffness of an isolator unit, as prescribed by Formula (61-1 ). 
maximum effective stiffness of the isolation system at the design displacement in the 
horizontal direction under consideration. 

minimum effective stiffness of the isolation system at the design displacement in the 
horizontal direction under consideration. 
numerical coefficient related to maximum capable earthquake response as set forth in 
Table A-16-G. 
numerical coefficient related to both the proximity of the building or structure to an ac­
tive fault, and fault magnitude, as set forth in Table A-16-D. 
numerical coefficient related to the type of lateral force-resisting system above the iso­
lation system as set forth in Table A-16-F for seismic-isolated structures. 
numerical coetl"icient for site-soil profile as set forth in Table A-16-C for seismic-iso­
lated structures. 
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period of seismic-isolated structure, in seconds, in the direction under consideration, as 
prescribed by Formula (54-2). 

the total lateral seismic design force or shear on elements of the isolation system or ele-~ 
ments below the isolation system as prescribed by Formula (54-5). 

the total lateral seismic design force or shear on elements above the isolation system as 
prescribed by Formula (54-6). 

w 

y 

the total seismic dead load defined in Section 1628.1. For design of the isolation sys­
tem, W is the total seismic dead load weight of the structure above the isolation inter­
face. 

the distance, in feet (mm), between the center of rigidity of the isolation system rigidity 
and the element of interest, measured perpendicular to the direction of seismic loading 
under consideration. 

effective damping of the isolation system, as prescribed by Formula (61-2). 

maximum positive displacement of an isolator unit during each cycle of prototype test­
ing. 

maximum negative displacement of an isolator unit during each cycle of prototype test­
ing. 

SECTION 1653 - CRITERIA SELECTION 

1653.1 Basis for Design. The procedures and limitations for the design of seismic-isolated struc­
tures shall be determined considering zoning, site characteristics, vertical acceleration, cracked I 
section properties of concrete and masonry members, occupancy, configuration, structural system 
and height in accordance with Section 1627, except as noted below. 

1653.2 Stability of the Isolation System. The stability of the vertical load-carrying elements of 
the isolation system shall be verified by analysis and test, as required, for lateral seismic displace­
ment equal to the total maximum displacement. 

1653.3 Occupancy Categories. The importance factor,/, for a seismic-isolated building shall be 
taken as 1.0 regardless of occupancy category. 

1653.4 Configuration Requirements. Each structure shall be designated as being regular or ir-
regular on the basis of the structural configuration above the isolation system. I 
1653.5 Selection of Lateral Response Procedure. 

1653.5.1 General. Any seismic-isolated structure may be, and certain seismic-isolated structures 
defined below shall be, designed using the dynamic lateral response procedure of Section 1655. 

1653.5.2 Static analysis. The static lateral response procedure of Section 1654 may be used for 
design of a seismic-isolated structure, provided: 

I. The structure is located at least 15 kilometer (km) from all active faults. 

2. The structure is located on a soil profile with a site factor of S1 or S2. 

3. The structure is located in Seismic Zone 3 or 4. 

4. The structure above the isolation interface is equal to or less than four stories, or 65 feet 
( 19.8 m), in height. 

5. The isolated period of the structure, 7[, is equal to or less than 3.0 seconds. 

6. The isolated period of the structure, 7[, is greater than 3 times the elastic, fixed-base period of 
the structure above the isolation system, as determined by Formula (28-5) of Section 1628. 

7. The structure above the isolation system is of regular configuration. 
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8. The isolation system is defined by all of the following attributes: 

8.1 The effective stiffness of the isolation system at the design displacement is greater than 
one third of the effective stiffness at 20 percent of the design displacement. 

8.2 The isolation system is capable of producing a restoring force, as specified in Section 
1657.2.4. 

8.3 The isolation system has force-deflection properties which are independent of the rate of 
loading. 

8.4 The isolation system has force-detlection properties which are independent of vertical 
load and bilateral load. 

8.5 The isolation system does not limit maximum capable earthquake displacement to less 
than MM times the total design displacement. 

1653.5.3 Dynamic analysis. The dynamic lateral response procedure of Section 1655 shall be 
used for design of seismic-isolated structures as specified below: 

I. Response spectrum analysis. Response spectrum analysis may be used for design of a seis­
mic-isolated structure, provided: 

1.1 The structure is located on a soil profile with a site factor of S~o S2 or S3. 

1.2 The isolation system is defined by all of the attributes specified in Section 1653.5.2, Item 
8. 

2. Time-history analysis. Time-history analysis may be used for design of any seismic-isolated 
structure and shall be used for design of all seismic-isolated structures not meeting the criteria of 
Section 1653.5.3, Item I. 

3. Site-specific design spectra. Site-specific ground motion spectra of the design-basis earth-

1 quake and the maximum capable earthquake, developed in accordance with Section 1629.2, shall 
be used for design and analysis of all seismic-isolated structures as specified below: 

I. The structure is located on a soil profile with a site factor of S3 or S4. 

2. The structure is located within 15 km of an active fault. 

3. The structure is located in Seismic Zone I, 2A or 2B. 

4. The isolated period of the structure, Tt. is greater than 3.0 seconds. 

SECTION 1654- STATIC LATERAL RESPONSE PROCEDURE 

1654.1 General. Except as provided in Section 1655, every seismic-isolated structure, or portion 
thereof, shall be designed and constructed to resist minimum earthquake displacements and forces 
as specified by this section and the applicable requirements of Section 1628. 

1654.2 Deformation Characteristics of the Isolation System. Minimum lateral earthquake de­
sign displacements and forces on seismic-isolated structures shall be based on the deformation 
characteristics of the isolation system. 

The deformation characteristics of the isolation system shall explicitly include the effects of the 
wind-restraint system if such a system is used to meet the design requirements of this document. 

The deformation characteristics of the isolation system shall be based on properly substantiated 
tests performed in accordance with Section 1661. 

1654.3 Minimum Lateral Displacements. 

1654.3.1 Design displacement. The isolation system shall be designed and constructed to with­
stand minimum lateral earthquake displacements which act in the direction of each of the main hori­
zontal axes of the structure in accordance with the formula: 
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(54-I) 

1654.3.2 Isolated-structure period. The isolated-structure period, T,, shall be determined using 
the deformational characteristics of the isolation system in accordance with the formula: 

Tt = 2n 
g 

(54-2) 

1654.3.3 Total design displacement. The total design displacement, Dr, of elements of the isola­
tion system shall include additional displacement due to actual and accidental torsion calculated 
considering the spatial distribution of the lateral stiffness of the isolation system and the most disad­
vantageous location of mass eccentricity. 

The total design displacement, Dr. of elements of an isolation system with uniform spatial distri­
bution of lateral stiffness shall not be taken as less than that prescribed by the formula: 

[ 
12e J Dr = D I + y h2 + d2 (54-3) 

The total design displacement, Dr. may be taken as less than the value prescribed by Formula 
(54-3), but not less than 1.1 times D, provided the isolation system is shown by calculation to be 
configured to resist torsion accordingly. 

1654.3.4 Total maximum displacement. The total maximum displacement, DrM, required for 
verification of isolation system stability in the most critical direction of horizontal response shall be 
calculated in accordance with the formula: 

(54-4) 1 
1654.4 Minimum Lateral Forces. 

1654.4.1 Isolation system and structural elements at or below the isolation system. The isola- I 
tion system, the foundation, and all structural elements below the isolation system shall be designed 
and constructed to withstand a minimum lateral seismic force, Vh, using all of the appropriate provi­
sions for a nonisolated structure where: 

V = kmaxD 
b 1.5 (54-5) 

1654.4.2 Structural elements above the isolation system. The structure above the isolation sys- I 
tern shall be designed and constructed to withstand a minimum shear force, \1,, using all of the ap­
propriate provisions for a nonisolated structure where: 

V = kmaxD 
·'· R\\'t 

(54-6) 

The R.,..., factor shall be based on the type of lateral-force-resisting system used for the structure 
above the isolation system. 

1654.4.3 Limits on Vs. The value of \1,· shall not be taken as less than the following: 

I. The lateral seismic force required by Chapter 16, Division III, for a fixed-base structure of the 
same weight, W, and a period equal to the isolated period, T,. 

2. The base shear corresponding to the design wind load. 
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3. The lateral seismic force required to fully activate the isolation system (e.g., the yield level of 
a softening system, the ultimate capacity of a sacrificial wind-restraint system or the static friction 
level of a sliding system). 

1654.5 Vertical Distribution of Force. The total force shall be distributed over the height of the 
structure above the isolation interface in accordance with the formula: 

F = V,w,h, 
x n (54-7) 

Iw;h; 
i= I 

At each level designated as x, the force Fr shall be applied over the area of the building in accor­
dance with the mass distribution at the level. Stresses in each structural element shall be calculated 
as the effect of force, Fr. applied at the appropriate levels above the base. 

1654.6 Drift Limits. The maximum interstory drift ratio of the structure above the isolation sys­
tem shall not exceed 0.010/Rwl· 

SECTION 1655- DYNAMIC LATERAL-RESPONSE PROCEDURE 

1655.1 General. As required by Section 1653, every seismic-isolated structure, or portion there­
of, shall be designed and constructed to resist earthquake displacements and forces as specified in 
this section and the applicable requirements of Section 1629. 

11655.2 Isolation System and Structural Elements below the Isolation System. The total de­
sign displacement of the isolation system shall not be taken as less than 90 percent of Dr as specified 
by Section 1654.3.3. 

The total maximum displacement of the isolation system shall not be taken as less than 80 percent 
of DJM as prescribed hy Formula (54-4). 

The design lateral shear force on the isolation system and structural elements below the isolation 
system shall not he taken as less than 90 percent of Vh as prescribed by Formula (54-5). 

The limits of the first and third paragraphs of Section 1655.2 shall be evaluated using values of Dr 
and 0M determined in accordance with Section 1654.3, except that D' may be used in lieu of D, 
where D' is prescribed hy the formula: 

D' D 
(55-I) 

and Tis the clastic, fixed-base period of the structure above the isolation system, as determined only 
by Formula (34-5) of Section 1628. 

1655.3 Structural Elements above the Isolation System. The design lateral shear force on the 
structure above the isolation system, if regular in configuration, shall not be taken as less than 80 
percent of k111axDIRwf, or less than the limits specified by Section 1654.4.3. 

EXCEPTION: The design lateral shear force on the structure above the isolation system, if regular in con­
figuration. may be taken as less than 80 percent of kmaxDIRwt• but not less than 60 percent of knuuDIRwt. pro­
vided time-history analysis is used for design of the structure. 

The design lateral shear force on the structure above the isolation system, if irregular in configu­
ration, shall not be taken as less than kmaxDIRa-f, or less than the limits specified by Section 
1654.4.3. 

EXCEPTION: The design lateral shear force on the structure above the isolation system, if irregular in 
configuration, may be taken as less than knwxDIRwt. but not less than 80 percent of k,,uDIRwt· provided time­
history analysis is used for design of the structure. 
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1655.4 Ground Motion. 

1655.4.1 Design spectra. Properly substantiated, site-specific spectra are required for design of 
all structures with an isolated period, Tt, greater than 3.0 seconds, or located on a soil type profile of 
s3 or S4 , or located within 15 km of an active fault or located in Seismic Zone I, 2A or 28. Structures I 
that do not require site-specific spectra and for which site-specific spectra have not been calculated 
shall be designed using spectra based on Figure 16-3 of Chapter 16, Part III. 

A design spectrum shall be constructed for the design-basis earthquake. This design spectrum 
shall not be taken as less than the normalized response spectrum given in Figure 16-3 of Chapter 16, 
Part III, for the appropriate soil type, scaled by the product ZN. I 

EXCEPTION: If a site-specific spectrum is calculated for the design-basis earthquake, then the design 
spectrum may be taken as less than I 00 percent, but not less than 80 percent of the normalized response spec­
trum given in Figure 16-3 of Chapter 16, Part Ill, the appropriate soil type, scaled by the product ZN. 

A design spectrum shall be constructed for the maximum capable earthquake. This design spec­
trum shall not be taken as less than the normalized spectrum given in Figure 16-3 of Chapter 16, Part 
III, for the appropriate soil type, scaled by the product MMZN. This design spectrum shall be used to 
determine the total maximum displacement and overturning forces for design and testing of the iso­
lation system. 

EXCEPTION: If a site-specific spectrum is calculated for the maximum capable earthquake, then the de­
sign spectrum may be taken as less than I 00 percent, but not less than 80 percent of the normalized response 
spectrum given in Figure 16-3 of Chapter 16, Part III, for the appropriate soil type, scaled by the product 
MMZN. 

1655.4.2 Time histories. Pairs of horizontal ground-motion time-history components shall be se­
lected from not less than three recorded events. For each pair of horizontal ground-motion compo­
nents, the square root sum of the squares (SRSS) of the 5 percent-damped spectrum of the scaled 
horizontal components shall be constructed. The motions shall be scaled such that the average value 
of the SRSS spectra docs not fall below 1.3 times the 5 percent-damped spectrum of the design­
basis earthquake (or maximum capable earthquake) by more than 10 percent in the period range of 
T1 as determined by Formula (54-2), for periods from T1 minus 1.0 seconds to T1 plus 2.0 seconds. 

The duration of the time histories shall be consistent with the magnitude and source characteris-
tics of the design-basis earthquake (or maximum capable earthquake). I 

Time histories developed for sites within 15 km of a major active fault shall incorporate 
ncar-fault phenomena. 

1655.5 Mathematical Model. 

1655.5.1 General. The mathematical models of the isolated structure, including the isolation sys­
tem, the lateral-force-resisting system and other structural elements, shall conform to Section 
1629.5 and to the requirements of Sections 1655.5.2 and 1655.5.3 below. 

1655.5.2 Isolation system. The isolation system shall be modeled using deformational character­
istics developed and verified by test in accordance with the requirements of Section 1654.2. 

The isolation system shall be modeled with sufficient detail to: 

I. Account for the spatial distribution of isolator units, 

2. Calculate translation, in both horizontal directions, and torsion of the structure above the iso­
lation interface, considering the most disadvantageous location of mass eccentricity, 

3. Assess overturning/uplift forces on individual isolator units, and 

4. Account for the effects of vertical load, bilateral load and/or the rate of loading if the force 
deflection properties of the isolation system are dependent on one or more of these attributes. 

1655.5.3 Isolated structure. 

1655.5.3.1 Displacement. The maximum displacement of each floor and the total design dis­
placement and total maximum displacement across the isolation system shall be calculated using a 
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model of the isolated structure which incorporates the force-deflection characteristics of nonlinear 
clements of the isolation system and the lateral-force-resisting system. 

Isolation systems with nonlinear elements include, but are not limited to, systems which do not 
meet the criteria of Section 1653.5.2, Item 8. 

Lateral-force-resisting systems with nonlinear clements include, but are not limited to, irregular 
structural systems designed for a lateral force less than kmaxDIRwl and regular structural systems 
designed for a lateral force less than 80 percent of kmaxDIRwl· 

1655.5.3.2 Forces and displacements in key elements. Design forces and displacements in key 
elements of the lateral-force-resisting system may be calculated using a linear elastic model of the 
isolated structure, provided: 

I. Pseudo-clastic properties assumed for nonlinear isolation system components arc based on 
the maximum effective stiffness of the isolation system. 

2. All key clements of the lateral-force-resisting system are linear. 

1655.6 Description of Analysis Procedures. 

1655.6.1 General. A response spectrum analysis or a time-history analysis, or both, shall be per­
formed in accordance with Sections 1629.4 and 1629.5 and the requirements of this section. 

1655.6.2 Input earthquake. The design-basis earthquake shall be used to calculate the total de­
sign displacement of the isolation system and the lateral forces and displacements of the isolated 

I structure. The maximum capable earthquake shall be used to calculate the total maximum displace­
ment of the isolation system. 

1655.6.3 Response spectrum analysis. Response spectrum analysis shall be performed using a 
damping value equal to the effective damping of the isolation system or 30 percent of critical, 
whichever is less. 

Response spectrum analysis used to determine the total design displacement and the total maxi-
mum displacement shall include simultaneous excitation of the model by I 00 percent of the most 

I critical direction of ground motion and 30 percent of the ground motion on the orthogonal axis. The 
maximum displacement of the isolation system shall be calculated as the vectorial sum of the two 
orthogonal displacements. 

1655.6.4 Time-history analysis. Time-history analysis shall be performed with at least three ap­
propriate pairs of horizontal time-history components, as defined in Section 1655.4.2. 

Each pair of time histories shall be applied simultaneously to the model, considering the most 
disadvantageous location of mass eccentricity. The maximum displacement of the isolation system 
shall be calculated from the vectorial sum of the two orthogonal displacements at each time step. 

The parameter of interest shall be calculated for each time-history analysis. If three time-history 
analyses are performed, then the maximum response of the parameter of interest shall be used for 
design. If seven or more time-history analyses are performed, then the average value of the response 
parameter of interest may be used for design. 

1655.7 Design Lateral Force. 

1
1655.7.1 Isolation system and structural elements at or below the isolation system. The isola­
tion system, foundation and all structural elements below the isolation system shall be designed 
using all of the appropriate provisions for a nonisolated structure and the forces obtained from the 
dynamic analysis reduced by a factor of 1.5. 

I 1655.7.2 Structural elements above the isolation system. Structural elements above the isola­
tion system shall be designed using the appropriate provisions for a nonisolated structure and the 
forces obtained from the dynamic analysis reduced by a factor of Rwl· The Rwl factor shall be based 
on the type of lateral-force-resisting system used for the structure above the isolation system. 
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1655.7.3 Scaling of results. When the factored lateral shear force on structural clements, deter­
mined using either response spectrum or time-history analysis, is less than minimum level pre­
scribed by Sections 1655.1 and 1655.2, then all response parameters, including member forces and 
moments shall be adjusted upward proportionally. 

1655.8 Drift Limits. Maximum interstory drift corresponding to the design lateral force, includ­
ing displacement due to vertical deformation of the isolation system, shall not exceed the following 
limits: 

I. The maximum inters tory drift ratio of the structure above the isolation system, calculated by 
response spectrum analysis, shall not exceed 0.015/Rwt· 

2. The maximum inters tory drift ratio of the structure above the isolation system, calculated by 
time-history analysis considering the force-deflection characteristics of nonlinear elements of the 
lateral-force-resisting system, shall not exceed 0.020/Rwt· 

The secondary effects of the maximum capable earthquake lateral displacement, ~. of the struc- I 
ture above the isolation system combined with gravity forces shall be investigated if the interstory 
drift ratio exceeds 0.010/Rwt· 

SECTION 1656- LATERAL LOAD ON ELEMENTS OF STRUCTURES AND 
NONSTRUCTURAL COMPONENTS SUPPORTED BY STRUCTURES 

1656.1 General. Parts or portions of an isolated structure, permanent nonstructural components 
and the attachments to them, and the attachments for permanent equipment supported by a structure 
shall be designed to resist seismic forces and displacements as prescribed by this section and the 
applicable requirements of Section 1630. 

1656.2 Forces and Displacements. 

1656.2.1 Components at or above the isolation interface. Elements of seismic-isolated struc­
tures and nonstructural components, or portions thereof, which are at or above the isolation inter­
face, shall be designed to resist a total lateral seismic force equal to the maximum dynamic response 
of the element or component under consideration divided by a factor of 1.5. 

EXCEPTION: Elements of seismic-isolated structures and nonstructural components, or portions there-
of, may be designed to resist total lateral seismic force as prescribed by Formula (36-1) of Section 1630. 

1656.2.2 Components which cross the isolation interface. Elements of seismic-isolated struc­
tures and nonstructural components, or portions thereof, which cross the isolation interface shall be 
designed to withstand the total maximum displacement. 

1656.2.3 Components below the isolation interface. Elements of seismic-isolated structures 
and nonstructural components, or portions thereof, which are below the isolation interface shall be 
designed and constructed in accordance with the requirements of Section 1630. 

SECTION 1657 - DETAILED SYSTEMS REQUIREMENTS 

1657.1 General. The isolation system and the structural system shall comply with the require­
ments of Section 1631 and the material requirements of Chapters 19 through 23. In addition, the 
isolation system shall comply with the detailed system requirements of this section and the structur­
al system shall comply with the detailed system requirements of this section and the applicable por­
tions of Section 1631. 

1657.2 Isolation System. 

1657.2.1 Environmental conditions. In addition to the requirements for vertical and lateral loads 
induced by wind and earthquake, the isolation system shall be designed with consideration given to 
other environmental conditions including aging effects, creep, fatigue, operating temperature and 
exposure to moisture or damaging substances. 
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1657.2.2 Wind forces. Isolated structures shall resist design wind loads at all levels above the iso­
lation interface in accordance with the general wind design provisions. At the isolation interface, a 
wind restraint system shall be provided to limit lateral displacement in the isolation system to a val­
ue equal to that required between floors of the structure above the isolation interface. 

1657.2.3 Fire resistance. Fire resistance for the isolation system shall meet that required for the 
building columns, walls or other structural elements. 

1657.2.4 Lateral restoring force. The isolation system shall be configured to produce a restoring 
force such that the lateral force at the total design displacement is at least 0.025W greater than the 
lateral force at 50 percent of the total design displacement. 

EXCEPTION: The isolation system need not be configured to produce a restoring force, as required 
above, provided the isolation system is capable of remaining stable under full vertical load and accommodat­
ing a total maximum displacement equal to the greater of either 3.0 times the total design displacement or 
36MMZNS, inches (For Sl: 914.4 MMZNS1 mm). 

1657.2.5 Displacement restraint. The isolation system may be configured to include a displace­
ment restraint that limits lateral displacement due to the maximum capable earthquake to less than 
MM times the total design displacement, provided that the seismic-isolated structure is designed in 
accordance with the following criteria when more stringent than the requirements of Section 1627: 

I. Maximum capable earthquake response is calculated in accordance with the dynamic analysis 
requirements of Section 1629, explicitly considering the nonlinear characteristics of the isolation 
system and the structure above the isolation system. 

2. The ultimate capacity of the isolation system and structural elements below the isolation sys­
tem shall exceed the strength and displacement demands of the maximum capable earthquake. 

3. The structure above the isolation system is checked for stability and ductility demand of the 
maximum capable earthquake. 

4. The displacement restraint does not become effective at a displacement less than 0.75 times 
the total design displacement unless it is demonstrated by analysis that earlier engagement does not 
result in unsatisfactory performance. 

1657.2.6 Vertical load stability. Each element of the isolation system shall be designed to be 
stable under the full design vertical load ( 1.2DL + I.OLL + 1£1) at a horizontal displacement equal to 
the total maximum displacement. Vertical load due to earthquake, 1£1, shall be based on peak re­
sponse due to the maximum capable earthquake. 

1657.2.7 Overturning. The factor of safety against global structural overturning at the isolation 
interface shall not be less than 1.0 for required load combinations. All gravity and seismic loading 

I conditions shall be investigated. Seismic forces for overturning calculations shall be based on the 
maximum capable earthquake and W shall be used for the vertical restoring force. 

Local uplift of individual elements is permitted provided the resulting deflections do not cause 
overstress or instability of the isolator units or other building elements. 

1657.2.8 Inspection and replacement. Access for inspection and replacement of all components 
of the isolation system shall be provided. 

1657.2.9 Quality control. A quality control testing program for isolator units shall be established 
by the engineer responsible for the structural design. 

1657.3 Structural System. 

1657.3.1 Horizontal distribution of force. A horizontal diaphragm or other structural clements 
shall provide continuity above the isolation interface and shall have adequate strength and ductility 
to transmit forces (due to nonuniform ground motion) from one part of the building to another. 

1657.3.2 Building separations. Minimum separations between the isolated building and sur­
rounding retaining walls or other fixed obstructions shall not be less than the total maximum dis­
placement. 
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SECTION 1658 - NONBUILDING STRUCTURES 

Nonbuilding structures shall be designed in accordance with the requirements of Section 1632 us­
ing design displacements and forces calculated in accordance with Section 1654 or 1655. 

SECTION 1659- FOUNDATIONS 

Foundations shall be designed and constructed in accordance with the requirements of Chapter 18 
using design forces calculated in accordance with Section 1654 or 1655. 

SECTION 1660 - DESIGN AND CONSTRUCTION REVIEW 

1660.1 General. A design review of the isolation system and related test programs shall be per­
formed by an independent engineering team including persons licensed in the appropriate disci­
plines, experienced in seismic analysis methods and the theory and application of seismic isolation. 

1660.2 Isolation System. Isolation system design review shall include, but not be limited to, the 
following: 

I. Review of site-specific seismic criteria, including the development of site-specific spectra 
and ground motion time histories, and all other design criteria developed specifically for the proj­
ect. 

2. Review of the preliminary design, including the determination of the total design displace-
ment of the isolation system design displacement and lateral force design level. 

3. Overview and observation of prototype testing (Section 1661 ). 

4. Review of the final design of the entire structural system and all supporting analyses. 

5. Review of the isolation system quality control testing program (Section 1657.2.9). 

SECTION 1661- REQUIRED TESTS OF ISOLATION SYSTEM 

1661.1 General. The deformation characteristics and damping values of the isolation system 
used in the design and analysis of seismic-isolated structures shall be based on the following tests of 
a selected sample of the components prior to construction. 

The isolation system components to be tested shall include the wind restraint system if such sys­
tems are used in the design. 

The tests specified in this section are for establishing and validating the design properties of the 
isolation system, and shall not be considered as satisfying the manufacturing quality control tests of 
Section 1657.2.9. 

1661.2 Prototype Tests. 

1661.2.1 General. Prototype tests shall be performed separately on two full-size specimens of 
each type and size of isolator unit of the isolation system. The test specimens shall include the wind 
restraint system, as well as individual isolator units, if such systems are used in the design. Speci­
mens tested shall not be used for construction. 

1661.2.2 Record. For each cycle of tests the force-deflection and hysteretic behavior of the test 
specimen shall be recorded. 

1661.2.3 Sequence and cycles. The following sequence of tests shall be performed for the pre­
scribed number of cycles at a vertical load equal to the average DL + 0.5LL on all isolator units of a I 
common type and size: 

I. Twenty fully reversed cycles of loading at a lateral force corresponding to the wind design 
force. 
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2. Three fully reversed cycles of loading at each of the following increments of the total design 
displacement: 0.25, 0.50, 0.75 and 1.0. 

I 3. Three fully reversed cycles at the total maximum displacement. 

4. 15Stl B, but not less than I 0, fully reversed cycles of loading at 1.0 times the total design dis­
placement. 

If an isolator unit is also a vertical load-carrying element, then Item 2 of the sequence of cyclic 
tests specified above shall be performed for two additional vertical load cases: 

(I) 1.2DL + 0.5LL + 1£1 

(2) 0.8DL- 1£1 

I where DL and LL are defined in Chapter 16, Part III, and E is the earthquake load on an individual 
isolator unit acting in the vertical direction. In these tests, the combined vertical load shall be taken 
as the typical or average downward force on all isolator units of a common type and size. 

I 

1661.2.4 Units dependent on loading rates. If the force-deflection properties of the isolator 
units arc dependent on the rate of loading, then each set of tests specified in Section 1661.2.3 shall 
be performed dynamically at a frequency equal to the inverse of the effective period of the isolated 
structure. 

If reduced-scale prototype specimens are used to quantify rate-dependent properties of isolators, 
the reduced-scale prototype specimens shall be of the same type and material and be manufactured 
with the same processes and quality as full-scale prototypes, and shall be tested at a frequency that 
represents full-scale prototype loading rates. 

The force-deflection properties of an isolator unit shall be considered to be dependent on the rate 
of loading if there is greater than a plus or minus 10 percent difference in the effective stiffness at the 
design displacement when tested at a frequency equal to the inverse of the effective period of the 
isolated structure and when tested at any frequency in the range of 0.1 to 2.0 times the inverse of the 
effective period of the isolated structure. 

1661.2.5 Units dependent on bilateral load. If the force-deflection properties of the isolator 
units arc dependent on bilateral load, then the tests specified in Sections 1661.2.3 and 1661.2.4 shall 
be augmented to include bilateral load at increments of the total design displacement 0.25 and 1.0, 
0.50 and 1.0, 0. 75 and 1.0, and 1.0 and 1.0. 

EXCEPTION: If reduced-scale prototype specimens are used to quantify bilateral-load-dependent prop­
erties, then such scaled specimens shall be of the same type and material, and manufactured with the same 
processes and quality as full-scale prototypes. 

The force-deflection properties of an isolator unit shall be considered to be dependent on bilateral 
load, if the bilateral and unilateral force-deflection properties have greater than a I 0 percent ditler­
cncc in effective stiffness at the design displacement. 

1
1661.2.6 Downward vertical load. Isolator units that carry vertical load shall be statically tested 
for maximum and minimum downward vertical load, at the total maximum displacement. In these 
tests, the combined vertical loads of 1.2DL+ I.OLL+ lEI shall be taken as the maximum downward 
force, and the combined vertical load of 0. 8DL - 1£1 shall be taken as the minimum downward 
force, on any one isolator unit of a common type and size. 

1661.2.7 Sacrificial wind-restraint systems. If a sacrificial wind-restraint system is to be uti­
lized, then the ultimate capacity shall be established by test. 

1661.2.8 Testing similar units. The prototype tests are not required if an isolator unit is of similar 
size and of the same type and material as the prototype isolator unit that has been previously tested 
using the specified sequence of tests. 

1661.3 Determination of Force-deflection Characteristics. The force-deflection characteris­
tics of the isolation system shall be based on the cyclic load test results for each fully reversed cycle 
of loading. 
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The effective stiffness of an isolator unit shall be calculated for each cycle of loading as follows: 

(61-1) 

where F+ and F-are the maximum positive and maximum negative forces, respectively, and LH 
and~- are the maximum positive and maximum negative test displacements, respectively. 

If the minimum effective stiffness is to be determined, then Fmin and F,;;;,1 shall be used in the 
equation. 

If the maximum effective stiffness is to be determined, then Fmdt and Fm-;;x shall be used in the 
equation. 

1661.4 System Adequacy. The performance of the test specimens shall be assessed as adequate if 
the following conditions are satisfied: 

I. The force-deflection plots of all tests specified in Section 1661.2 have a positive incremental 
force-carrying capacity. 

2. For each increment of test displacement specified in Section 1661.2.3, Item 2, and for each 
vertical load case specified in Section 1661.2.3: 

2.1 There is no greater than a 10 percent difference between the effective stiffness at each of 
the three cycles of test and the average value of effective stiffness for each test specimen. 

2.2 There is no greater than a I 0 percent difference in the average value of effective stiffness 
of the two test specimens of a common type and size of the isolator unit over the required 
three cycles of test. 

3. For each specimen there is no greater than a± 20 percent change in the initial effective stiff­
ness of each test specimen over the ISS// B, but not less than I 0, cycles of the test specified in Section 
1661.2.3, Item 4. 

4. For each specimen there is no greater than a 20 percent decrease in the initial effective damp­
ing over for the 15SJIB, but not less than I 0, cycles of the test specified in Section 1661.2.3, Item 4. 

5. All specimens of vertical load-carrying elements of the isolation system remain stable at the 
total maximum displacement for static load as prescribed in Section 1661.2.6. 

1661.5 Design Properties of the Isolation System. 

1661.5.1 Effective stiffness. The minimum and maximum effective stiffnesses of the isolation 
system shall be determined as follows: 

I. The value of kmin shall be based on the minimum effective stiffnesses of individual isolator 
units as established by the cyclic tests of Section 1661.2.3, Item 2, at a displacement amplitude 
equal to the design displacement. 

2. The value of kmat shall be based on the maximum etlective stiffnesses of individual isolator 
units as established by the cyclic tests of Section 1661.2.3, Item 2, at a displacement amplitude 
equal to the design displacement. 

3. For isolator units that are found by the tests of Sections 1661.2.3, 1661.2.4 and 1661.2.5 to 
have force-deflection characteristics which vary with vertical load, rate of loading or bilateral load, 
respectively, the value of kmat shall be increased and the value of kmin shall be decreased, as neces­
sary, to bound the effects of measured variation in effective stiffness. 

1661.5.2 Effective damping. The effective damping (~)of the isolation system shall be calcu­
lated as: 

{3 = _l_ [Total Area] 
2Jr kmaxD 2 

(61-2) 
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where the total area shall be taken as the sum of the areas of the hysteresis loops of all isolator units 
and the hysteresis loop area of each isolator unit shall be taken as the minimum area of the three 
hysteresis loops established by the cyclic tests of Section 1661.2.3, Item 2, at a displacement ampli­
tude equal to the design displacement. 

TABLE A-16-C-SITE COEFFICIENTS FOR SEISMIC-ISOLATED STRUCTURES 

TABLE A-16-D-NEAR-FIELD COEFFICIENT, N 

MAXIMUM CAPABLE EARTHQUAKE MAGNITUDE, MtdCE• OF ACTIVE FAULT1•2 

CLOSEST DISTANCE, i1F, TO ACTIVE FAULT MMcE~8.0 MMcE = 7.0 MMCE~6.0 

dF~t5km 1.0 1.0 1.0 

dF = IOkm 1.2 1.0 1.0 

dF .s 5 km 1.5 1.3 1.1 

'Locatton and max1mum capable earthquake magmtude, MMc£, of active faults shall be established for properly sub­
stantiated geotechnical data (e.g., most recent mapping of active faults by the United States Geological Survey or 
the California Division of Mines and Geology). 

2The near-field site response coefficient shall be based on linear interpolation of values of the closest distance, dF. and 
maximum capable magnitude, MMc£, other than those given. 

TABLE A-16-E-DAMPING COEFFICIENT, B 

EFFECTIVE DAMPING,~ 
(percentage ol crltlcat)1,2 BFACTOR 

_s2 0.8 
5 1.0 

10 1.2 
20 1.5 
30 1.7 
40 1.9 

~50 2.0 

I The damping coefficient shall be based on the effective damping of the isolation system determined in accordance 
with the requirements of Section 1661.5. 

2The damping coefficient shall be based on linear interpolation for effective damping values other than those given. 
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TABLE A-16-F-STRUCTURAL SYSTEMS ABOVE THE ISOLATION INTERFACE 

BASIC STRUCTURAL 
SVSTEM1 LATERAL LOAD-RESISTING SYSTEM DESCRIPTION 

I. Bearing wall 1.1. Light-framed walls with shear panels 
system 1.1.1 Plywood walls for structures three stories or less 

1.1.2 All other light-framed walls 
1.2. Shear walls 

1.2.1. Concrete 
1.2.2. Masonry 

1.3. Light-steel-framed bearing walls with tension-only bracing 
1.4. Braced frames where bracing carries gravity loads 

1.4.1. Steel 
1.4.2. Concrete4 
1.4.3. Heavy timber 

2. Building frame 2.1. Steel eccentric-braced frame (EBF) 
system 2.2. Light-framed walls with shear panels 

2.2.1. Plywood walls for structures three stories or less 
2.2.2. All other light-framed walls 

2.3. Shear walls 
2.3.1. Concrete 
2.3.2. Masonry 

2.4. Concentric-braced frames 
2.4.1. Steel 
2.4.2. Concrete4 
2.4.3. Heavy timber 

3. Moment-resisting 3.1. Special moment-resisting frames (SMRF) 
frame system 3.1.1. Steel 

3.1.2. Concrete 
3.2. Concrete intermediate moment-resisting frames (IMRF)6 
3.3. Ordinary moment-resisting frames 

3.3.1. Steel 
3.3.2. Concrete4 

4. Dual system 4.1. Shear walls 
4.1.1. Concrete with SMRF 
4.1.2. Concrete with concrete IMRF5·6 

4.1.3. Masonry with SMRF 
4.1.4. Masonry with concrete IMRp4 

4.2. Steel EBF with steel SMRF 
4.3. Concrete-braced frames 

4.3.1. Steel with steel SMRF 
4.3.2. Concrete with concrete SMRp4 
4.3.3. Concrete with concrete IMRp4 

5. Undefined systems See Section 1627.9.2 

Bas1c structural systems are defmed m Sectwn 1627.6. 
2See Section 1628.3 for combination of structural system. 
'H- Height limit applicable to Seismic Zones 3 and 4. See Section 1627.7 for exceptions. 
4Prohibited in Seismic Zones 3 and 4. 
5NL- No limit. 
6Prohibited in Seismic Zones 3 and 4, except as permitted in Section 1632.2. 

Rwl 

2.6 
2.2 

2.6 
2.6 
1.6 

1.8 
1.5 
1.5 

3.0 

2.6 
2.2 

3.0 
3.0 

2.2 
2.6 
2.6 

3.0 
3.0 
2.2 

1.8 
1.5 

3.0 
2.6 
3.0 
2.6 
2.6 

2.2 
2.2 
1.8 

H3 

X 304.8 
formm 

65 
65 

160 
160 
65 

160 

65 

240 

65 
65 

240 
160 

160 

65 

NL5 
NL 

160 

NL 
160 
160 

NL 

NL 

TABLE A-16-G-MAXIMUM CAPABLE EARTHQUAKE RESPONSE COEFFICIENT, MM 
RESPONSE REGION1.2 

SEISMIC ZONE Constant Acceleration Constant Velocity 

4 1.25 1.25 

3 1.33 1.50 .. 55 4 h h t s ecified ~ Except for constructiOn of des1gn spectra, as reqUired m Sectwn 16 ... , t e value of MM shall be I a p or 
constant velocity. The value of MM for sites not located in Seismic Zone 3 or 4 shall be taken as the ratio of maximum 
capable earthquake and design basis earthquake spectra at the effective period, T,, of the isolated structure. 

2for construction of design spectra, as required in Section 1655.4, the value of MM specified for constant acceleration 
shall apply to all periods from 0 second to the transition period (i.e., 0.4 second for Soil Type S I· 0.6 second for 
Soil Type S2 and 0.9 second for Soil Type S3), and the value of MM specified for constant velocity shall apply to 
all periods greater than the transition period. The product MMZN in the constant velocity region need not exceed 
the product MMZN at the transition period. 
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Appendix Chapter 18 

WATERPROOFING AND DAMPPROOFING 
FOUNDATIONS 

SECTION 1819 - SCOPE 

Walls, or portions thereof, retaining earth and enclosing interior spaces and floors below grade shall 
he waterproofed or dampproofed according to this appendix chapter. 

EXCEPTION: Walls enclosing crawl spaces. 

SECTION 1820- GROUNDWATER TABLE INVESTIGATION 

A subsurface soils investigation shall be made in accordance with Section 1804.3, Item 3, to deter­
mine the possibility of the groundwater table rising above the proposed elevation of the floor or 
floors below grade. The building official may require that this determination be made by an engi­
neer or architect licensed by the state to practice as such. 

EXCEPTIONS: I. When foundation waterproofing is provided. 

2. When dampproofing is provided and the building official finds that there is satisfactory data from adja­
cent areas to demonstrate that groundwater has not been a problem. 

SECTION 1821 - DAMPPROOFING REQUIRED 

Where the groundwater investigation required by Section 1820 indicates that a hydrostatic pressure 
caused by the water table will not occur, floors and walls shall be dampproofed and a subsoil drain­
age system shall he installed in accordance with this appendix chapter. 

EXCEPTION: Wood foundation systems shall be constructed in accordance with Chapter 18, Division 
II. 

SECTION 1822 - FLOOR DAMPPROOFING 

1822.1 General. Dampproofing materials shall be installed between the floor and base materials 
required by Section 1824.2. 

EXCEPTION: Where a separate floor is provided above a concrete slab, the dampproofing may be in-
stalled on top of the slab. 

1822.2 Dampproofing Materials. Dampproofing installed beneath the slab shall consist of not 
less than 6-mil (0.152 mm) polyethylene, or other approved methods or materials. When permitted 
to he installed on top of the slab, dampproofing shall consist of not less than 4-mil (0.1 mm) polyeth­
ylene, mopped-on bitumen or other approved methods or materials. Joints in membranes shall be 
lapped and scaled in an approved manner. 

SECTION 1823- WALL DAMPPROOFING 

1823.1 General. Dampproofing materials shall be installed on the exterior surface of walls, and 
shall extend from a point 6 inches ( 152 mm) above grade, down to the top of the spread portion of 
the footing. 

1823.2 Surface Preparation. Prior to application of dampproofing materials on concrete walls, 
fins or sharp projections that may pierce the membrane shall be removed and all holes and recesses 
resulting from the removal of form ties shall be scaled with a dry-pack mortar, bituminous material, 
or other approved methods or materials. 

1823.3 Dampproofing Materials. Wall dampproofing shall consist of a bituminous material, 
acrylic modified cement base coating, any of the materials permitted for waterproofing in Section 
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1827.4, or other approved methods or materials. When such materials are not approved for direct 
application to unit masonry, the wall shall be parged on the exterior surface below grade with not 
less than 3f8 inch (I 0 mm) of portland cement mortar. 

SECTION 1824 - OTHER DAMPPROOFING REQUIREMENTS 

1824.1 Subsoil Drainage System. When dampproofing is required, a base material shall be in­
stalled under the lloor and a drain shall be installed around the foundation perimeter in accordance 
with this subsection. 

EXCEPTION: When the finished ground level is below the floor level for more than 2.5 percent of the 
perimeter of the building, the base material required by Section 1824.2 need not be provided and the founda­
tion drain required by Section 1824.3 need be provided only around that portion of the building where the 
ground level is above the floor level. 

1824.2 Base Material. Floors shall be placed over base material not less than 4 inches (I 02 mm) 
in thickness consisting of gravel or crushed stone containing not more than I 0 percent material that 
passes a No.4 sieve (4.75 mm). 

1824.3 Foundation Drain. The drain shall consist of gravel, crushed stone or drain tile. 

Gravel or crushed stone drains shall contain not more than I 0 percent material that passes a No.4 
sieve (4.75 mm). The drain shall extend a minimum of 12 inches (305 mm) beyond the outside edge 
of the footing. The depth shall be such that the bottom of the drain is not higher than the bottom of 
the base material under the floor, and the top of the drain is not less than 6 inches ( 152 mm) above the 
spread portion of the footing. The top of the drain shall be covered with an approved filter mem­
brane material. 

When drain tile or perforated pipe is used, the invert of the pipe or tile shall be not higher than the 
floor elevation. The top of joints or the top of perforations shall be protected with an approved filter 
membrane material. The pipe or tile shall be placed on not less than 2 inches (51 mm) of gravel or 
crushed stone complying with this section and covered with not less than 6 inches ( 152 mm) of the 
same material. 

1824.4 Drainage Disposal. The floor base and foundation perimeter drain shall discharge by 
gravity or mechanical means into an approved drainage system. 

EXCEPTION: Where a site is located in well-drained gravel or sand-gravel mixture soils, a dedicated 
drainage system need not be provided. 

SECTION 1825- WATERPROOFING REQUIRED 

Where the groundwater investigation required by Section 1820 indicates that a hydrostatic pressure 
caused by the water table docs exist, walls and floors shall be waterproofed in accordance with this 
appendix chapter. 

EXCEPTIONS: I. When the groundwater table can be lowered and maintained at an elevation not less 
than 6 inches ( 152 mm) below the bottom of the lowest floor, dampproofing provisions in accordance with 
Section 1821 may be used in lieu of waterproofing. 

The design of the system to lower the groundwater table shall be based on accepted principles of engineer­
ing which shall consider, but not necessarily be limited to, the permeability of the soil, the rate at which water 
enters the drainage system, the rated capacity of pumps, the head against which pumps arc to pump, and the 
rated capacity of the disposal area of the system. 

2. Wood foundation systems constructed in accordance with Chapter 18, Division II, are to be provided with 
additional moisture-control measures as specified in Section 29.303. 

SECTION 1826- FLOOR WATERPROOFING 

1826.1 General. Floors required to be waterproofed shall be of concrete designed to withstand 
anticipated hydrostatic pressure. 

2-1231 



APPENDIX CHAPTER 18 1994 UNIFORM BUILDING CODE 

1826.2 Waterproofing Materials. Waterproofing of tloors shall be accomplished by placing un­
der the slab a membrane of rubberized asphalt, polymer-modified asphalt, butyl rubber, neoprene, 
or not less than 6-mil (0.15 mm) polyvinyl chloride or polyethylene, or other approved materials 
capable of bridging nonstructural cracks. Joints in the membrane shall be lapped not less than 
6 inches ( 152 mm) and sealed in an approved manner. 

SECTION 1827- WALL WATERPROOFING 

1827.1 General. Walls required to be waterproofed shall be of concrete or masonry designed to 
withstand the anticipated hydrostatic pressure and other lateral loads. 

1827.2 Wall Preparation. Prior to the application of waterproofing materials on concrete or ma­
sonry walls, the wall surfaces shall be prepared in accordance with Section 1823.2. 

1827.3 Where Required. Waterproofing shall be applied from a point 12 inches (305 mm) above 
the maximum elevation of the groundwater table down to the top of the spread portion of the foot­
ing. The remainder of the wall located below grade shall be dampproofed with materials in accor­
dance with Section 1823.3. 

1827.4 Waterproofing Materials. Waterproofing shall consist of rubberized asphalt, poly­
mer-modified asphalt, butyl rubber, or other approved materials capable of bridging nonstructural 
cracks. Joints in the membrane shall be lapped and sealed in an approved manner. 

1827.5 Joints. Joints in walls and tloors, and between the wall and tloor, and penetrations of the 
wall and tloor shall be made watertight using approved methods and materials. 

SECTION 1828- OTHER DAMPPROOFING AND WATERPROOFING 
REQUIREMENTS 

1828.1 Placement of Backfill. The excavation outside the foundation shall be backfilled with 
soil which is free of organic material, construction debris and large rocks. The backfill shall be 
placed in lifts and compacted in a manner which does not damage the waterproofing or dampproof­
ing material or structurally damage the wall. 

1828.2 Site Grading. The ground immediately adjacent to the foundation shall be sloped away 
from the building at not less than I unit vertical in 12 units horizontal (8.3% slope) for a minimum 
distance of 6 feet ( 1829 mm) measured perpendicular to the face of the wall or an approved alternate 
method of diverting water away from the foundation shall be used. Consideration shall be given to 
possible additional settlement of the backfill when establishing final ground level adjacent to the 
foundation. 

1828.3 Erosion Protection. Where water impacts the ground from the edge of the roof, down­
spout, scupper, valley, or other rainwater collection or diversion device, provisions shall be used to 
prevent soil erosion and direct the water away from the foundation. 
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Appendix Chapter 19 

PROTECTION OF RESIDENTIAL CONCRETE 
EXPOSED TO FREEZING AND THAWING 

SECTION 1928 - GENERAL 

1928.1 Purpose. The purpose of this appendix is to provide minimum standards for the protection 
of residential concrete exposed to freezing and thawing conditions. 

1928.2 Scope. The provisions of this appendix apply to concrete used in buildings of Groups M 
and R Occupancies which are three stories or less in height. 

1928.3 Special Provisions. Normal-weight aggregate concrete used in buildings of Groups M 
and R Occupancies three stories or less in height which are subject to deicer chemicals or freezing 
and thawing conditions as determined from Figure A-19-1 shall comply with the requirements of 
Table A-19-A. 

TABLE A·19·A-MINIMUM SPECIFIED COMPRESSIVE STRENGTH OF CONCRETE1 
MINIMUM SPECIFIED COMPRESSIVE STRENGTH2 (f'c) 

x 6.89 for kPa 

Weathering Potentlat3 
TYPE OR LOCATION OF CONCRETE 

CONSTRUCTION Negligible Moderate Severe 

Basement walls and foundations not exposed to the 2,500 2,500 2,5004 
weather 

Basement slabs and interior slabs on grade, except 2,500 2,500 2,5004 

garage floor slabs 

Basement walls, foundation walls, exterior walls and 2,500 3,0005 3,0005 

other vertical concrete work exposed to the weather 

Porches, carport slabs and steps exposed to the wcath- 2,500 3,0005 3,5005 

er, and garage floor slabs 
. . . Increases m compressive strength above those used m the design shall not cause Implcmentallon of the special m 

spection provisions of Section 1701.5, Item I. 

2 At 28 days, pounds per square inch (kPa). 

·1See Figure A-19-1 for weathering potential. 

-

4Concretc in these locations which may be subject to freezing and thawing during construction shall be air-entrained 
concrete in accordance with Footnote 5. 

5Concretc shall be air entrained. Total air content (percentage by volume of concrete) shall not be less than 5 percent 
or mon: than 7 percent. 
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Appendix Chapter 21 

PRESCRIPTIVE MASONRY CONSTRUCTION IN 
HIGH-WIND AREAS 

SECTION 2112 - GENERAL 

2112.1 Purpose. The provisions of this chapter are intended to promote public safety and welfare 
by reducing the risk of wind-induced damages to masonry construction. 

2112.2 Scope. The requirements of this chapter shall apply to masonry construction in buildings 
when all of the following conditions are met: 

I. The building is located in an area with a basic wind speed from 80 through II 0 miles per hour 
(mph) ( 129 km/h through 177 km/h). 

2. The building is located in Seismic Zone 0, I or 2. 

3. The building does not exceed two stories. 

4. Floor and roof joists shall be wood or steel or of precast hollowcore concrete planks with a 
maximum span of 32 feet (9754 mm) between hearing walls. Masonry walls shall be provided for 
the support of steel joists or concrete planks. 

5. The building is of regular shape. 

2112.3 General. The requirements of Chapter 21 are applicable except as specifically modified 
by this chapter. Other methods may be used provided a satisfactory design is submitted showing 
compliance with the provisions of Chapter 16, Part II, and other applicable provisions of this code. 

Wood floor, roof and interior walls shall be constructed as specified in Appendix Chapter 23 and 
as further regulated in this section. 

In areas where the wind speed exceeds II 0 mph ( 177 kmlh), masonry buildings shall be designed 
in accordance with Chapter 16, Part II, and other applicable provisions of this code. 

Buildings of unusual shape or size, or split-level construction, shall be designed in accordance 
with Chapter 16, Part II, and other applicable provisions of this code. 

In addition to the other provisions of this chapter, foundations for buildings in areas subject to 
wave action or tidal surge shall be designed in accordance with approved national standards. 

All metal connectors and fasteners used in exposed locations or in areas otherwise subject to cor­
rosion shall he of corrosion-resistant or noncorrosive material. When the terms "corrosion resis­
tant" or "noncorrosive" are used in this chapter, they shall mean having a corrosion resistance equal 
to or greater than a hot-dipped galvanized coating of 1.5 ounces of zinc per square foot (3.95 gfm2) 
of surface area. When an element is required to be corrosion resistant or noncorrosive, all of its 
parts, such as screws, nails, wire, dowels, bolts, nuts, washers, shims, anchors, ties and attachments 
shall he corrosion resistant. 

2112.4 Materials. 

2112.4.1 General. All masonry materials shall comply with Section 2102.2 as applicable for 
standards of quality. 

2112.4.2 Hollow-unit masonry. 

I. Exterior concrete block shall be a minimum of Grade N-Il with a compressive strength of not 
less than I ,900 pounds per square inch (psi) (13 091 kPa) on the net area. 

2. Interior concrete block shall be a minimum of Grade S-II with a compressive strength of not 
less than 700 psi (4823 kPa) on the gross area. 
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3. Exterior clay or shale hollow brick shall have a compressive strength of not less than 2,500 psi 
( 17 225 kPa) on the net area. Such hollow brick shall be at least Grade MW except that where sub­
ject to severe freezing it shall be Grade SW. 

4. Interior clay or shale hollow brick shall be Grade MW with a compressive strength of 2,000 
psi ( 13 780 kPa) on the net area. 

2112.4.3 Solid masonry. 

I. Exterior clay or shale bricks shall have a compressive strength of not less than 2,500 psi 
( 17 225 kPa) on the net area. 

2. Exterior clay or shale bricks shall be Grade MW, except that where subject to severe freezing 
they shall be Grade SW. 

3. Interior clay or shale bricks shall have a compressive strength of not less than 2,000 psi 
( 13 780 kPa). 

2112.4.4 Grout. Grout shall achieve a compressive strength of not less than 2,000 psi ( 13 780 
kPa). 

2112.4.5 Mortar. Mortar for exterior walls and for interior shear walls shall be Type M or Type S. 

2112.5 Construction Requirements. Grouted cavity wall and block wall construction shall com­
ply with Section 2104. 

Unburned clay masonry and stone masonry shall not be used. 

2112.6 Foundations. Footings shall have a thickness of not less than 8 inches (203 rum) and shall 
comply with Tables A-21-A-1 and A-21-A-2 for width. See Figure A-21-1 for other applicable de­
tails. 

Footings shall extend 18 inches ( 457 rum) below the undisturbed ground surface or the frost 
depth, whichever is deeper. 

Foundation stem walls shall be as wide as the wall they support. They shall be reinforced with 
reinforcing bar sizes and spacing to match the reinforcement of the walls they support. 

Basement and other below-grade walls shall comply with Table A-21-B. 

2112.7 Drainage. Basement walls and other walls or portions thereof retaining more than 3 feet 
(914 rum) of earth and enclosing interior spaces or floors below grade shall have a minimum 
4-inch-diameter (102 rum) footing drain as illustrated in Table A-21-B and Figure A-21-3. 

The finish elevations around the building shall be graded to provide a slope away from the build­
ing of not less than 1/4 unit vertical to 12 units horizontal (2% slope). 

2112.8 Wall Construction. 

2112.8.1 Minimum thickness. Reinforced exterior bearing walls shall have a minimum 8-inch 
(203 mm) nominal thickness. Interior masonry non bearing walls shall have a minimum 6-inch ( 152 
mm) nominal thickness. Unreinforced grouted brick walls shall have a minimum 10-inch (254 mm) 
thickness. Unreinforced hollow-unit and solid masonry shall have a minimum 8-inch (203 mm) 
nominal thickness. 

EXCEPTION: In buildings not more than two stories or 26 feet (7924.8 mm) in height, masonry walls 
may be of 8-inch (203 mm) nominal thickness. Solid masonry walls in one-story buildings may be of 6-inch 
( 153 mrn) nominal thickness when not over 9 feet (2743 mrn) in height, provided that when gable construction 
is used an additional 6 feet ( 1829 rnm) are permitted to the peak of the gable. 

2112.8.2 Lateral support and height. All walls shall be laterally supported at the top and bottom. 
The maximum unsupported height of bearing walls or other masonry walls shall be 12 feet (3658 
mm). Gable-end walls may be 15 feet (4572 mm) at their peak. 

Wood-framed gable-end walls on buildings shall comply with Table A-21-I and Figure A-21-17 
or A-21-18. 
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2112.8.3 Walls in Seismic Zone 2 and use of stack bond. In Seismic Zone 2, walls shall comply 
with Figure A-21-B as a minimum. Walls with stack bond shall be designed. 

2112.8.4 Lintels. The span of lintels over openings shall not exceed 12 feet (3658 mm), and lintels 
shall be reinforced. The reinforcement bars shall extend not less than 2 feet (61 0 mm) beyond the 
edge of opening and into lintel supports. 

Lintel reinforcement shall be within fully grouted cells in accordance with Table A-21-E. 

2112.8.5 Reinforcement. Walls shall be reinforced as shown in Tables A-21-C-1 through 
A-21-C-5 and Figure A-21-2. 

2112.8.6 Anchorage of walls to floors and roofs. Anchors between walls and floors or roofs 
shall be embedded in grouted cells or cavities and shall conform to Section 2112.9. 

2112.9 Floor and Roof Systems. The anchorage of wood roof systems which are supported by 
masonry walls shall comply with Appendix Sections 2365.5.1 and 2365.5.8, Table A-21-D and Fig­
ure A-21-7. 

Wood roof and lloor systems which are supported by ledgers at the inside face of masonry walls 
shall comply with Table A-21-D, Part I. 

The ends of joist girders shall extend a distance of not less than 6 inches ( 152 mm) over masonry 
or concrete supports and be attached to a steel bearing plate. This plate is to be located not more than 
I / 2 inch ( 13 mm) from the face of the wall and is to be not less than 9 inches (229 mm) wide perpen­
dicular to the length of the joist girder. Ends of joist girders resting on steel bearing plates on mason­
ry or structural concrete shall be attached thereto with a minimum of two 1 /4-inch (6.4 mm) fillet 
welds 2 inches (51 mm) long, or with two 3/4-inch (19 mm) bolts. 

Ends of joist girders resting on steel supports shall be connected thereto with a minimum of two 
1 /4-inch (6.4 mm) fillet welds 2 inches (51 mm) long, or with two 3J4-inch (19 mm) bolts. In steel 
frames, joist girders at column lines shall be field bolted to the columns to provide lateral stability 
during construction. 

Steel joist roof and lloor systems shall be anchored in accordance with Table A-21-H. 

Wall tics spaced as shown in Table A-21-D, Part II, shall connect to framing or blocking at roofs 
and walls. Wall ties shall enter grouted cells or cavities and shall be 11/g-inch (29 mm) minimum 
width by 0.036 inch (0.91 mm) (No. 20 galvanized sheet gage) sheet steel. 

Roof and floor hollow-core precast plank systems shall be anchored in accordance with Table 
A-21-G. 

Roof uplift anchorage shall enter a grouted bond beam reinforced with horizontal bars as shown 
in Tables A-21-C-1 through A-21-C-5 and Figure A-21-7. 

2112.10 Lateral Force Resistance. 

2112.10.1 Complete load path and uplift resistance. Strapping, approved framing anchors, and 
mechanical fasteners, bond beams, and vertical reinforcement shall be installed to provide a contin­
uous tic from the roof to the foundation system. (See Figure A-21-8.) In addition, roof and floor 
systems, masonry shear walls, or masonry or wood cross walls shall provide lateral stability. 

2112.10.2 Floor and roof diaphragms. Floor and roof diaphragms shall be connected to mason­
ry walls as shown in Table A-21-F, Part II. 

Gabled and sloped roof members not supported at the ridge shall be tied by ceiling joists or equiv­
alent lateral tics located as close to where the roof member bears on the wall as is practically possi­
ble, at not more than 48 inches ( 1219 mm) on center. Collar ties shall not be used for these lateral 
ties. (Sec Figure A-21-17 and Table A-21-1.) 

2112.10.3 Walls. Masonry walls shall be provided around all sides of floor and roof systems in 
accordance with Figure A-21-9 and Table A-21-F. 
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The cumulative length of exterior masonry walls along each side of the tloor or roof systems shall 
be at least 20 percent of the parallel dimension. Required elements shall be without openings and 
shall not be less than 48 inches (1219 mm) in width. 

Interior cross walls (nonbearing) at right angles to bearing walls shall be provided when the 
length of the building perpendicular to the span of the tloor or roof framing exceeds twice the dis­
tance between shear walls or 32 feet (9754 mm), whichever is greater. Cross walls, when required, 
shall conform to Section 2112. 10.4. 

2112.10.4 Interior cross walls. When required by Table A-21-F, Part I, masonry walls shall be at 
least 6 feet (1829 mm) long and reinforced with 9 gage wire joint reinforcement spaced not more 
than 16 inches (406 mm) on center. Cross walls shall comply with Footnote 3 of Table A-21-F, 
Part I. 

Interior wood stud walls may be used to resist the wind load from one-story masonry buildings in 
areas where the basic wind speed is I 00 mph (161 km/h), Exposure C or less, and II 0 mph (177 
km/h), Exposure B. When wood stud walls are so used, they shall: 

I. Be perpendicular to exterior masonry walls at 15 feet ( 4572 mm) or less on center. 

2. Be at least 8 feet (2438 mm) long without openings and be sheathed on at least one side with 
15/32-inch ( 12 mm) wood structural panel nailed with 8d common or galvanized box nails at 6 in-

1 ches ( 152 mm) on center edge and field nailing. All unsupported edges of wood structural panels 
shall be blocked. 

3. Be connected to wood blocking or wood joists below with two 16d nails at 16 inches (406 mm) 
on center through their sill plates. They shall be connected to footings with 1/2-inch-diamcter ( 13 
mm) bolts at 3 feet 6 inches (I 067 mm) on center. 

I 4. Connect to wood roof systems as outlined in Table A-21-F, Part II, as a cross wall. Wood struc­
tural panel roof sheathing shall have all unsupported edges blocked. 
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Severe 

Moderate 

Mild 

WEATHERING REGIONS FOR RESIDENTIAL CONCRETE 

V/77b1 
I I 
I'.~··: .. ·, ';I 

' •• - •• • : ·J ; • .. ' .• 

Weathering Regions (Weathering Index) 

FIGURE A-19-1 

Notes: 

I The three exposures are: 
A Severe-Outdoor exposure in a cold climate where concrete may be exposed to the use of deicing salts or where 

there may be a continuous presence of moisture during frequent cycles of freezing and thawing. Examples are 
pavements, driveways. walks, curbs, steps, porches and slabs in unheated garages. Destructive action from deic­
ing salts may occur either from direct application or from being carried onto an unsalted area from a salted area, 
such as on the undercarriage of a car traveling on a salted street but parked on an unsalted driveway or garage 
slab. 

B. Moderate--Outdoor exposure in a climate where concrete will not be exposed to the application of deicing salts 
but will occasionally be exposed to freezing and thawing. 

C. Mild-Any exposure where freezing and thawing in the presence of moisture is rare or totally absent 
2Data needed to determine the weathering index for any locality may be found or estimated from the tables of Local 

Climatological Data, published by the Weather Bureau, U.S. Department of Commerce. 
3The weathering regions map provides the location of severe, moderate and mild winter weathering areas as they occur 

in the United States (Alaska and Hawaii are classified as severe and mild, respectively). The map cannot be precise. 
This is especially true in mountainous areas where conditions change dramatically within very short distances. It 
is intended to classify as severe any area in which weathering conditions may cause deicing salt to be used, either 
by individuals or for street or highway maintenance. These conditions are significant snowfall combined with 
extended periods during which there is little or no natural thawing. If there is any doubt about which of two regions 
is applicable, the more severe exposure should be selected. 

4The Weathering Index: 
Severe-As a guideline, the number of days during which the temperature does not rise above 32°F. (0°C.) is 
multiplied by the inches of snowfall. An index of 150 or more is classified as severe. Cold, humid climates may 
be more severe than cold, dry climates for a given index. 
Moderate, Mild-Multiply the inches of precipitation times the number of days the temperature registers below 
32°E (0°C.) Use the occurrence between the first day in the fall and the last day in the spring that the temperature 
registers below 32°F. (0°C.) An index above 200 is moderate. An index below 200 is mild. 
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WALL 
HEIGHT 

(feet) 

TABLE A-21-A-1-EXTERIOR FOUNDATION REQUIREMENTS FOR 
MASONRY BUILDINGS WITH 6- AND 8-INCH-THICK WALLS 

(Wood or Steel Framing) 
(Width of Footings in lnches)1,2,3 

See Figure A-21-1 lor typical details. 
TWO-STORY BUILDINGS 

---~ 

Roof Live Load4 (psf) 
-------

x 0.0479 for kNfm2 
--~-

20 I 30 
1----

ONE-STORY BUILDINGS Plus Floor Live Loads (psi) 

Roof Live Load4 x 0.0479 for kNfm2 

x 0.0479 lor kNtm2 

SPAN TO 20 psi 30 psf 40 ~sf 
50 

BEARING (inches) (inches) (inc es) 
WALLS 

-

I I I 
100 50 100 50 I 

(feet) Minimum Width of F 00 :ing (inches) 

x 304.8 for mm >: 25.4 fo rm m 
--r--

~~~ 
R 

R 16 I~ 

24 
r- -

3~ 16 
--

X 12 
-· -

10 16 12 14 
r------- --

24 
~ 

lh 
------

32 2(1 
-----

X 12 12 12 I:' 
-- --- --

12 16 12 12 12 lh 
--

24 12 12 

~---+-~~-32 12 14 
------

r 
+­
~ 

12 
-· 

14 

IX 

20 

I~ 

16 

20 
-

24 
-

14 

IX 

~() 
--

22 

12 

12 

14 

IX 

12 

14 

16 

~() 

12 

16 

18 
--

22 

12 12 

14 12 

IS 16 

20 18 

12 12 

16 14 

IX 16 

22 20 

14 12 

16 14 

20 IX 

22 22 

40 

I 
100 

12 

14 

IS 

20 

12 

16 

20 

24 

14 

16 

20 

24 

1 For buildings with under-floor space or basements. footing thickne" is t<> be a minimum of 12 inches (\05 mm). It 
shall be reinforced with No.4 bars at 24 inches (610 mm) on center when 1ts width is required to be IX inches (457 
mm) or larger and it supports more than the roof and one floor. 

2Soil to be at least Class 4 as shown in Table I S-I-D. 
3Footings are a minimum of I 0 inches (254 mm) thick for a one-story building and 12 mches (305 mm) thick for a 

two-story building. Bottom of footing to be 18 inches (457 mm) he low grade or the frost depth. whichever is deeper. 
Footing to he reinforced with No.4 bars at 24 inches (61 () mm) on center when supporting more than the roof and 
one floor. 

4From Table 21-C or local 'now load tables. For areas without snow loads use 20 pounds per square foot (0.96 kN/m2)_ 
5From Table 21-A. For intermediate 11oor loads go to next higher value. 
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WALL 
HEIGHT 

(feet) 

TABLE A-21-A-2-INTERIOR FOUNDATION REQUIREMENTS FOR 
MASONRY BUILDINGS WITH 6- AND 8-INCH-THICK WALLS 

(Wood or Steel Framing) 
(Width of Footings in lnches)1,2,3,4 

See Figure A-21-1 for typical details. 

TWO-STORY BUILDINGS 
-----

Roof Live Loads (psi) 
-----

x 0.0479 for kNim2 
------

20 I 30 

ONE-STORY BUILDINGS Plus Floor Live Loads (psi) 

Roof Live Loads x 0.0479 for kNfm2 

40 

·--
x 0.0479 for kNim2 

SPAN TO 20 ~sf 30psf 40 ~sf 
50 1 

BEARING (inc es) (Inches) (Inc es) 
WALLS 

:_EI::J=:=E 0 

(feet) Minimum Width of Footin g (inches) 

x 304.8 for mm x 25.4for mm 

X 12 12 12 12_~t-= 
8 16 12 12 12 ;: r 24 12 12 14 

32 14 14 16 24 : 
~--- -

8 12 12 12 14 1 

i=-~ f 12 14 12 14 

I 18 20 18 22 
-+---:----

, I ~2 28 22 28 

'-·-r- '6 T> 28 34 . ~ 

----r--, 14 1h 14 16 

10 16 12 12 12 
--- +--

20 f 20 22 20 22 
-- -

24 12 14 14 2:2 ' , 22 28 22 I 28 
--·- - --1---

32 14 14 16 ~~- -
X 12 12 12 ! 14 

---
12 16 12 14 16 20 

-- -
24 14 14 16 24 

I--
32 16 16 18 28 

f 26 32 28 I 34 
-r--- r-· 

l 16 IX 16 i 18 
- ---r-· 

f 20 22 20 ! 22 

: 22 28 74 I J8 I 
I 28 I 32 I ;8 34 

-

1 For buildings with under-tloor spa<:e or basements, footing thickness is I<> he .1 minimum of 12 inches (305 mm). II 
shall be reinforced with No.4 bars at 24 inches (610 mm) on center when ih v.idth is required to be 18 inches (457 
mm) or larger and it supports more than the roof and one tloor_ 

2Soil to be at least Class 4 as shown in Table 18-1-A. 
3Footings are 10 inches (254 mm) thick for up to 24 inches (610 mm) wide and 12 inches (305 mm) thick for up to 

34 inches (864 mm) wide. Footings shall be reinforced with No.4 bars at 24 inches (610 mm) on center when sup­
porting more than the roof and one tloor. 

4These interior footings support roof-ceiling or tloors or both for a distance , '" each side e4ual to the span length 
shown. A tributary width equal to the span length may be used. 

°Frorn Table 16--C or local snow load tables. For areas without snow load., tN' 211 f" •unds per square foot (0.96 kN/m2 ). 
°Frnrn Table 16-A. For intenncdiatc· tloor loads go to next higher valul'. 
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TABLE A-21-B-VERTICAL REINFORCEMENT AND TOP RESTRAINT FOR VARIOUS 
HEIGHTS OF BASEMENT AND OTHER BELOW-GRADE WALLS 

DESIGN ASSUMPTIONS 
A. Materials: 1. Concrete Masonry Units~Grade hollow load-bearing units con· rrr11ng to 
Seclion 2112.4.2 for strength of units should not be less than that required for 

;:f,plicable f'n,. 
2. ortar~ vpe M, 2,500 pSI I 17 240 kPa) strength. 
3 Corelill- ine or coarse grout (U.B.C. Standard 21 191 w1th 1n u 1mate strength (28 days) of 

at least 2,500 ps1 (17 240 kPa) 
4. Reinlorcement~Deformed billet-steel bars 
5. 1,500 psf (71.8 kPa) soil bearing requ~red. 1 

B. Allowable stresses in accordance w1th Section 2106 and Table 21 M. 

y, rtical Reinforcement with Axial 
Com 

Soil Equiv.-tluid wt. = 30 pet' (4.71 kNJm3) T 
•ressive Load (P) Equal to or Less 
an 5,000 lb./lin. ft. (72.92 kNim) 

P· 

Floor Connection2,3 
Wall Depth --·-

Below Grade h 
(feet) Wood Floor 

t m = 1 ,SOD psi (10 335 kPa) 

Spacing of Reinforcement 
(inches)4 

x 304.8 for mm Bolt and Spacing Angle Clip Spacing x 25.41or mm 

8-lnch Walls No.3 No.4 No.5 

'25.41ormm 

4 at 60" 48" o.c. 24 40 )6 

5 1h" at 40'" 32" o.c. 16 24 40 
·-

6 'lx" at 32" 20" o.c. 
1----· 

16 24 

s~ a omg of Reinforcement (inches) 

1 0-lnch Walls x 25.41or mm 

< 25.4 tor mm No. 4 
--~-~,--

No.5 No.6 No.7 
. ·-·-!--------····· 

6 'lx" at 32" 20" o.c. , 40 
----·-f--

56 64 72 

7 40 48 56 

9 
---1--

24 32 40 

s~ a-oong of Reinforcement (inches) 
--

12-lnch Walls x 25.41or mm 

-1 x 25.4 lor mm No. 4 

7 'lx" at 24" 16" o.c. -40-- -
8 

'I< """" 2 "' 24" '"-1:: l2-
9 7 /x" at I W' 2 at IS" o L 24 

10 I" at I 6" 2 at 16" o.c 16 
----------- --- -

No.5 No.6 No.7 
·---

'\b so 80 
-~--~f--

4X 56 64 

40 48 48 
---

l::> 40 40 
----~-

I Soil type is at least Class 4 as shown in Tahle 18-1-A. 
2There shall he no hack fill placed until after the wall is anchored to I he floor and seven days have paS>ed after grouting. 
3For Figure A-21-4 only. 
4See Figure A-21-5 for placement of reinforcement. 
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TABLE A-21-C-1-VERTICAL REINFORCING STEEL REQUIREMENTS FOR 6-INCH-THICK (153 mm) 
MASONRY WALLS1 1N AREAS WHERE BASIC WIND SPEEDS ARE 80 MILES PER HOUR (129 km/h) 

OR GREATER2,3,4,5 
(Wood or Steel Roof and Floor Framing) 

Criteria: Roof Live Load = 20 psf to 40 psf (0.96 kNfm2 to 1.9 kNfm2); 
Floor Live Load =50 psf (2.4 kNfm2); enclosed buildingS I 

BOND BEAM. SEE 

~~~(~~~~ il~lSE A-21-E 
' 

VERTICAL BAR-STANDARD 
HOOK OVER BOND BEAM 
(alternate every other bar) 

SO MPH 90MPH 100 MPH 110 MPH 

x 1.61 for km/h 

Span between Bearing Walls (feet) 

x 304.8 for mm 

UNSUPPORTED 8 16 24 32 8 16 24 32 8 16 24 32 8 16 24 32 
HEIGHT 

(feet) Size of Rebar and Spacing (Inches) 

EXPOSURE STORIES x 304.8 for mm x 25.4formm 

8 NR" No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 
80 80 80 80 64 64 72 88 

One· No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 story 10 80 88 96 96 64 64 72 80 48 48 48 56 40 40 40 48 building 
8 12 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 

48 48 56 64 40 40 48 48 48 48 56 56 40 40 40 40 

Two·story Design required or use 8·inch 
building or larger units for two·story condition. 

8 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 
72 72 72 96 56 56 56 56 40 40 48 48 32 32 32 40 

One· No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 story 10 40 40 40 48 32 32 32 32 40 40 40 48 32 32 32 40 building 
c 12 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 Use 8·inch or larger units 40 48 48 48 32 32 32 40 

Two·story Design required or use 8·inch 
building or larger units for two·story condition. 

8 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 
56 56 64 80 48 48 48 48 32 40 40 40 32 32 32 32 

One· No.4 No.4 No.4 No.4 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 story 10 32 32 32 40 40 40 48 48 48 32 32 40 building 
D 12 No.5 No.5 No.5 No.5 Use 8·inch or larger units 32 40 40 40 

Two·story Design required or use 8·inch 
building or larger units for two·story condition. 

*NR- No vertical remforcement reqmred. However, see Table A-21-F for shear wall remforcement. 
1 These values are for walls with running bond. For stack bond see Section 2112.8.3. 
2The figure on top of the listed data is the bar size; the figure below it is the maximum spacing in inches (mm). Reinforcing bar strength shall be A 615 Grade 60. The vertical 

bars are centered in the middle of the waiL 
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3Roof load is assumed to be concentrically loaded on the wall. For roofs which hang on ledgers. a design is required. 
4Minimum horizontal reinforcement shall be one No.4 at the ledger and foundation. Also. see Table A-21-E for lintels and Table A-21-F for shear wall reinforcing where 

applicable. 
SHook vertical bars over bond beam bars as shown. Extend bars into footing using lap splices where necessary. 
6Design required for open buildings of 6-inch-thick (!53 mm) masonry. 
To use this table, check criteria by the following method: 

6.1 Choose proper roof live load from Table 16-C or snow load criteria for the locality in which the building is located. 
6.2Check if building is enclosed or partially enclosed by the procedure in Chapter 16, Part II. 
6.3Choose proper floor load from Table 16-A. [For loads less than 50 pounds per square foot (psf) (2.4 kN/m2), use 50 psf (2.4 kN/m2), and for loads between 50 psf (2.4 

kN/m2) and 100 psf (4.8 kN/m2), use 100 psf (4.8 kN/m2).) 
6.4 Find proper wind speed and exposure for the site-see Figure 16-1, Chapter 16, Sections I 6 I 5 and I 6 I 6. 
6.5 Within the proper vertical column, choose appropriate span-to-bearing wall and appropriate height and story. 
6.6Read proper size and spacing of reinforcement for the thickness of the wall mentioned in the title of the table. (Equivalent area of steel, taking spacing into account, 

may be substituted.) 
6.7 For buildings in Seismic Zone 2 (see Figure 16-2 in Chapter 16), use minimum reinforcement in Figure A-2I -2 if it is more restrictive than the table values. 
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TABLE A·21·C·2-VERTJCAL REINFORCING STEEL REQUIREMENTS FOR 8-INCH-THICK (203 mm) 
MASONRY WALLS1 IN AREAS WHERE BASIC WIND SPEEDS ARE 80 MILES PER HOUR (129 km/h) 

OR GREATER2,3,4,5 
(Wood or Steel Roof and Floor Framing) 

Criteria: Roof Live Load = 20 psf to 40 psf (0.96 kNtm2 to 1.9 kNfm2); 
Floor Live Load = 50 psf (2.4 kNfm2); enclosed building I 

BOND BEAM. SEE 
FOOTNOTE 4 THIS 
TABLE AND TABLE A·21-E . 

VERTICAL BAR-STANDARD 
HOOK OVER BOND BEAM 
(ahemate every other bar) 

SO MPH 90MPH 100MPH 110MPH 

>< 1.61 for km/h 

Span between Bearing Walls (feet) 

x 304.8 for mm 
UNSUPPORTED 8 16 24 32 8 16 24 32 8 16 24 32 8 16 24 32 

HEIGHT 
(feet) Size of Rebar and Spacing (Inches) 

EXPOSURE STORIES >< 304.8 for mm x 25.4formm 

8 No.3 No.3 No.3 No.3 
One-story 56 56 64 64 

building or top NR• No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 story of 10 80 80 88 88 64 64 64 72 48 48 56 56 two-story 
building 12 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.5 No.5 No.5 No.5 No.5 No.5 

B 64 72 72 72 56 56 56 56 40 40 64 64 56 56 56 56 

8 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 
96 96 96 96 96 96 96 96 96 88 80 72 72 72 64 64 

First story of a 
10 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 two-story 88 80 72 64 64 64 56 56 72 72 64 64 64 56 56 56 building 

12 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.5 No.5 No.5 No.5 No.5 No.5 
80 72 64 64 64 56 56 48 48 48 64 56 56 56 48 48 

8 NR' No.3 No.3 No.3 No.3 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 
One-story 48 48 48 56 64 64 72 72 48 56 56 56 

building or top No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 story of 10 
two-story 56 56 64 64 48 48 48 48 56 56 56 56 48 48 48 48 
building 12 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 

c 56 64 64 64 48 48 48 48 56 56 56 56 40 40 40 48 

8 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 
80 80 56 72 56 56 56 56 72 72 72 64 56 56 56 56 

First story of a No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 two-story 10 72 64 64 56 56 48 48 48 64 56 56 56 48 48 48 48 building 

12 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 
64 64 56 56 48 48 48 48 56 56 48 48 48 40 40 40 

8 No.3 No.3 No.3 No.3 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 
One-story 48 48 56 56 64 72 72 80 56 56 56 56 40 48 48 48 

D 
building or top No.4 No.4 No4 No.4 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 story of 10 

two-story 48 48 48 56 56 64 64 64 48 48 48 48 40 40 40 40 
building 12 No.5 No.5 No.5 No.5 No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 

48 48 56 56 56 56 56 56 48 48 48 48 40 40 40 40 
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8 No.3 No.3 No.3 No.3 No.4 No.4 No.4 No.4 
64 64 64 56 80 80 72 72 

First story of a No.4 No.4 No.4 No.4 No.4 No.5 No.5 No.5 D cont. two-story 10 56 56 56 48 48 64 64 56 building 

12 No.5 No.5 No.5 No.5 No.6 No.6 No.6 No.6 
56 56 48 48 56 56 56 48 

*NR- No vertical remforcement reqmred. However, see Table A-21-F for shear wall reinforcement. 
1These values are for walls with running bond. For stack bond see Section 2112.8.3. 

No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 
64 56 56 56 48 48 48 48 

No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 
48 48 48 48 40 40 40 32 

No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 
48 48 40 40 40 32 32 32 

2The figure on top of the listed data is the bar size; the figure below it is the maximum spacing in inches (mm). Reinforcing bar strength shall be A 615 Grade 60. 
3Roof load is assumed to be concentrically loaded on the wall. For roofs which hang on ledgers, a design is required. 
4Minimum horizontal reinforcement shall be one No.4 at the ledger and foundation. Also, see Table A-21-E for lintels and Table A-21-F for shear wall reinforcing where 

applicable. 
5Hook vertical bars over bond beam as shown. Extend bars into footing using lap splices where necessary. Where second-story bar spacing does not match those on the first 

story, hook bars around floor bond beam also. 
To use this table, check criteria by the following method: 

5·1 Choose proper roof live load from Table 16-C or snow load criteria for the locality in which the building is located. 
5·2 Check if building is enclosed or partially enclosed by the procedure in Chapter 16, Part II. 
5·3Choose proper floor load from Table 16-A. [For loads less that 50 psf (2.4 kN/m2), use 50 psf (2.4 kN/m2), and for loads between 50 psf (2.4 kN/m2) and 100 psf (4.8 

kNJm2), use 100 psf (4.8 kNJm2).] 
5.4Find proper wind speed and exposure for the site-see Figure 16-1, Chapter 16, Sections 1615 and 1616. 
5·5Within the proper vertical column, choose appropriate span-to-bearing wall and appropriate height and story. 
5·6Read proper size and spacing of reinforcement for the thickness of the wall mentioned in the title of the table. (Equivalent area of steel, taking spacing into account, 

may be substituted.) 
5·7 For buildings in Seismic Zone 2 (see Figure 16-2 in Chapter 16), use minimum reinforcement in Figure A-21-2 if it is more restrictive than the table values. 
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TABLE A·21·C·3-VERTICAL REINFORCING STEEL REQUIREMENTS FOR 8-INCH-THICK (203 mm) 
MASONRY WALLS1 IN AREAS WHERE BASIC WIND SPEEDS ARE 80 MILES PER HOUR (129 km/h) 

OR GREATER2,3,4,5 
(Wood or Steel Root and Floor Framing) 

Criteria: Roof Live Load = 20 psf to 40 pst (0.96 kNtm2 to 1.9 kN/m2); 
Floor Live Load= 100 psf (4.8 kNfm2); enclosed building 

I 
BONO BEAM. SEE 
FOOTNOTE 4 THIS 
TABLE AND TABLE A-21-E 

. 

VERTICAL BAR-STANDARD 
HOOK OVER BOND BEAM 
(alternate every other bar) 

80MPH 90MPH I 100MPH 110MPH 

x 1.61 tor kmlh 

Span between Bearing Walls (teet) 

x 304.8 for mm 
UNSUPPORTED 8 16 24 32 8 16 24 32 8 16 24 32 8 16 24 32 

HEIGHT 
(feet) Size of Rebar and Spacing (inches) 

EXPOSURE STORIES x 304.8 for mm x 25.4formm 

8 No.3 No.3 No.3 No.3 
One-story 56 56 64 64 

building or top 
NR' No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 story of 10 

64 64 64 72 64 64 64 72 48 48 56 56 two-story 
building 12 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.5 No.5 No.5 No.5 

B 64 72 72 72 56 56 56 56 40 40 40 40 56 56 56 56 

8 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.4 
96 96 80 64 96 88 72 56 80 64 56 48 64 56 48 64 

First story of a 
10 No.3 No.3 No.3 No.3 No.3 No.3 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.5 two-story 72 64 56 48 56 48 64 56 72 64 56 48 56 48 48 56 building 

12 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.5 No.5 No.5 No.5 No.5 No.5 
72 64 56 48 56 48 48 40 48 40 48 48 56 48 48 40 

8 NR' No.3 No.3 No.3 No.3 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 
One-story 48 48 48 56 64 64 72 72 48 56 56 56 
building or No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 top story of 10 56 56 64 64 48 48 48 48 56 56 56 56 48 48 48 48 two-story 
building 

12 No.4 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.6 No.6 No.6 No.6 No.6 No.6 No.5 c 40 64 64 64 48 48 48 48 40 56 56 56 40 40 40 32 

8 No.3 No.3 No.3 No.3 No.3 No.3 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.5 
First-story 72 64 56 48 56 48 64 56 72 64 56 48 56 48 48 56 

of a 10 No.4 No.4 No.4 No.4 No.4 No.4 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 
two-story 64 56 48 48 48 48 56 56 56 56 48 48 48 48 40 40 
building No.4 No.5 No.5 No.5 No.5 No.5 No.5 No.6 No.5 No.6 No.6 No.6 No.6 No.6 No.6 No.6 12 40 56 48 48 48 40 40 48 40 48 48 40 40 40 40 32 

8 No.3 No.3 No.3 No.3 No.3 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 
One-story 48 48 56 56 64 72 72 80 56 56 56 56 40 48 48 48 
building or No.4 No.4 No4 No.4 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 0 top story of 10 48 48 48 56 56 64 64 64 48 48 48 48 40 40 40 40 two-story 
building 12 No.5 No.5 No.5 No.5 No.5 No.5 No.6 No.6 No.6 No.6 No.6 No.5 No.6 No.6 No.6 No.6 

48 48 56 56 40 40 56 56 48 48 48 32 40 40 40 40 
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B No.3 No.3 No.3 No.4 No.3 No.4 No.4 No.4 
56 56 48 64 48 64 56 56 

First story 
10 No.4 No.4 No.4 No.5 No.5 No.5 No.5 No.5 0 cont. of a two-story 56 48 48 56 64 56 48 48 building 

12 No.5 No.5 No.5 No.5 No.5 No.5 No.6 No.6 
48 48 40 40 40 40 48 40 

*NR- No vertical remforcement requued. However, see Table A-21-F for shear wall remforcement. 
'These values are for walls with running bond. For stack bond see Section 2112.8.3. 

No.4 No.4 No.4 No.5 No.4 No.5 No.5 No.5 
56 56 48 64 48 64 56 56 

No.5 No.5 No.5 No.5 No.5 No.5 No.6 No.6 
48 48 40 40 40 40 48 48 

No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 
48 40 40 32 32 32 32 24 

2The figure on top of the listed data is the bar size; the figure below it is the maximum spacing in inches (mm). Reinforcing bar strength shall be A 615 Grade 60. 
3Roof load is assumed to be concentrically loaded on the wall. For roofs which hang on ledgers, a design is required. 
4Minimum horizontal reinforcement shall be one No.4 at the ledger and foundation. Also, see Table A-21-E for lintels and Table A-21-F for shear wall reinforcing where 

applicable. 
5Hook vertical bars over bond beam as shown. Extend bars into footing using lap splices where necessary. Where second-story bar spacing does not match those on the first 

story, hook bars around floor bond beam also. 
To use this table, check criteria by the following method: 

5.1 Choose proper roof Jive load from Table 16-C or snow load criteria for the locality in which the building is located. 
5.2Check if building is enclosed or partially enclosed by the procedure in Chapter 16, Part II. 
5.3Choose proper floor load from Table 16-A. [For loads Jess than 50 psf (2.4 kN/m2), use 50 psf (2.4 kNJm2), and for loads between 50 psf (2.4 kN/m2) and 100 psf (4.8 

kN/m2), use 100 psf (4.8 kNJm2).] . 
5.4find proper wind speed and exposure for the site-see Figure 16-1, Chapter 16, Sections 1615 and 1616. 
s.sWithin the proper vertical column, choose appropriate span-to-bearing wall and appropriate height and story. 
5.6Read proper size and spacing of reinforcement for the thickness of the wall mentioned in the title of the table. (Equivalent area of steel, taking spacing into account, 

may be substituted.) 
5.7for buildings in Seismic Zone 2 (see Figure 16-2 in Chapter 16), use minimum reinforcement in Figure A-21-2 if it is more restrictive than the table values. 
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TABLE A-21-C-4--VERTICAL REINFORCING STEEL REQUIREMENTS FOR 8-INCH-THICK (203 mm) 
MASONRY WALLS1 IN AREAS WHERE BASIC WIND SPEEDS ARE 80 MILES PER HOUR (129 km/h) 

OR GREATER2,3,4,5 
(Wood or Steel Roof and Floor Framing) 

Criteria: Roof Live Load= 20 psf to 40 psf (0.96 kN/m2 to 1.9 kNJm2); 
Floor Live Load = 50 psf (2.4 kNJm2); partially enclosed building 

I 
BOND BEAM. SEE 
FOOTNOTE 4 TtiiS 
TABLE AND TABLE A-21-E 

. 

VERTICAL BAR-STANDARD 
HOOK OVER BOND BEAM 
(alternate every other bar) 

BOMPH 90MPH 100 MPH I 110 MPH 

x 1.61 for km/h 

Span between Bearing Walls (feet) 

x 304.8 for mm 
UNSUPPORTED 8 16 24 32 8 16 24 32 8 16 24 32 8 16 24 32 

HEIGHT 
(feet) Size of Rebar and Spacing (inches) 

EXPOSURE STORIES x 304.8 for mm x 25.4formm 

8 No.4 No.4 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.4 No.4 No.4 No.4 
One-story 96 96 80 88 56 56 64 64 40 48 48 48 64 64 64 72 
building or No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.5 No.5 No.5 No.5 top story of 10 64 64 72 72 48 56 56 56 40 40 40 40 48 56 56 56 two-story 

building 
12 No.4 No.4 No.4 No.4 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.6 No.6 No.6 No.6 

B 40 48 48 48 56 56 56 56 40 40 40 40 48 48 48 48 

8 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.3 No.4 No.4 No.4 No.4 
96 96 88 80 72 72 64 64 48 48 48 48 64 64 64 64 

First story No.3 No.3 No.3 No.3 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.5 No.5 No.5 of a two-story 10 48 48 48 48 64 56 56 56 48 48 48 40 40 56 56 48 building 

12 No.4 No.4 No.4 No.4 No.4 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.6 No.6 No.6 No.6 
48 48 48 40 40 56 56 48 48 40 40 40 48 48 48 48 

8 No.3 No.3 No.3 No.3 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.5 No.5 No.5 No.5 
One-story 40 40 40 40 56 56 56 56 40 40 40 48 56 56 56 56 
building or No.4 No.4 No.4 No.4 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.6 No.6 No.6 No.6 top story of 10 40 40 40 40 48 48 48 48 32 32 40 40 40 40 40 40 two-story 

building 
12 No.5 No.5 No.5 No.5 No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 Use 10-inch or 

c 40 40 40 40 40 48 48 48 32 32 32 32 larger units 

8 No.3 No.3 No.3 No.3 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.5 No.5 No.5 No.5 

First story 48 48 48 48 56 56 56 56 48 48 40 40 56 56 56 48 

of a 10 No.4 No.4 No:4 No.4 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.6 No.6 No.6 No.6 No.6 
two-story 40 40 40 40 48 48 48 48 40 40 40 48 48 48 40 40 
building No.5 No.5 No.5 No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 Use 10-inch or 12 40 40 40 48 48 48 40 40 32 32 32 32 larger units 

8 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 
Ot,e-stofY 56 56 56 64 40 48 48 48 56 56 56 56 48 48 48 48 
b~lding or 

No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 D top story of 10 
!Yto-stOri 48 48 48 56 40 40 40 40 56 48 48 48 32 32 40 40 
building 

12 No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 Use 10-inch or 
48 48 48 48 40 40 40 40 24 32 32 32 larger units 
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8 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 

First story 64 64 64 56 48 48 48 48 

D cont. of a 10 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 
two-story 56 56 48 48 40 40 40 40 
building No.6 No.6 No.6 No.6 No.6 No.6 12 48 48 48 48 40 40 

*NR- No vertical reinforcement required. However, see Table A-21-F for shear wall reinforcement. 
I These values are for walls with running bond. For stack bond see Section 2112.8.3. 

No.4 No.4 No.5 No.5 No.5 No.5 No.5 No.5 
40 40 56 56 48 48 48 40 

No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 
48 48 48 40 40 40 32 32 

Use 10-inch or larger units 

2The figure on top of the listed data is the bar size; the figure below it is the maximum spacing in inches (mm). Reinforcing bar strength shall be A 615 Grade 60. 
3Roof load is assumed to be concentrically loaded on the wall. For roofs which hang on ledgers, a design is required. 
4Minimum horizontal reinforcement shall be one No.4 at the ledger and foundation. Also, see Table A-21-E for lintels and Table A-21-F for shear wall reinforcing where 

applicable. 
5Hook vertical bars over bond beam as shown. Extend bars into footing using lap splices where necessary. 
To use this table, check criteria by the following method: 

5·1 Choose proper roof live load from Table 16-C or snow load criteria for the locality in which the building is located. 
5.2Check if building is enclosed or partially enclosed by the procedure in Chapter 16, Part II. 
5.3Choose proper floor load from Table 16-A. [For loads less than 50 psf (2.4 kNfm2), use 50 psf (2.4 kN/m2), and for loads between 50 psf (2.4 kN/m2) and 100 psf (4.8 

kN/m2), use 100 psf (4.8 kN/m2).) 
5.4Find proper wind speed and exposure for the site-see Figure 16-1, Chapter 16, Sections 1615 and 1616. 
5.5Within the proper vertical column, choose appropriate span-to-bearing wall and appropriate height and story. 
5·6 Read proper size and spacing of reinforcement for the thickness of the wall mentioned in the title of the table. (Equivalent area of steel, taking spacing into account, 

may be substituted.) 
5-7 For buildings in Seismic Zone 2 (see Figure 16-2 in Chapter 16), use minimum reinforcement in Figure A-21-2 if it is more restrictive than the table values. 
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TABLE A-21-C-~VERTICAL REINFORCING STEEL REQUIREMENTS FOR 8-INCH-THICK (203 mm) 
MASONRy WALLS1 IN AREAS WHERE BASIC WIND SPEEDS ARE 80 MILES PER HOUR (129 km/h) 

OR GREATER2,3,4,5 
(Wood or Steel Roof and Floor Framing) 

Criteria: Roof uve Load = 20 psf to 40 psf (0.96 kNfm2 to 1.9 kNtm2); 
Floor Live Load= 100 psf (4.8 kNtm2); partially enclosed building I 

BONO BEAM. SEE 
FOOTNOTE 4 THIS 
TABLE AND TABLE A·21·E 

. 

VERTICAL BAR-STANDARD 
HOOK OVER BOND BEAM 
(alternate every other bar) 

SO MPH 90MPH 100 MPH 110 MPH 

x 1.61 for kmlh 

Span between Bearing Walls (feet) 

x 304.8 for mm 
UNSUPPORTED 8 16 24 32 8 16 24 32 8 16 24 32 8 16 24 32 

HEIGHT 
(feet) Size of Rebar and Spacing (inches) 

EXPOSURE STORIES x 304.8 for mm x 25.4formm 

One-story 8 No.3 No.4 No.3 No.3 No.3 No.3 No.3 No.3 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 
building 72 96 80 88 56 56 64 64 80 80 80 88 64 64 64 72 

or 10 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.5 No.5 No.5 No.5 
top story 64 64 72 72 48 56 56 56 40 40 40 40 48 56 56 56 

of two-story 
No.4 No.4 No.4 No.4 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.6 No.6 No.6 No.6 

B 
building 12 40 48 48 48 56 56 56 56 40 40 40 40 48 48 48 48 

8 No.3 No.3 No.3 No.4 No.3 No.3 No.3 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 

First story 88 96 56 72 64 56 64 64 80 72 64 56 64 5l) 48 48 

of a 10 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.5 No.5 No.5 No.5 No.5 No.5 
two-story 72 64 56 48 56 48 48 40 48 40 56 48 56 48 48 40 
building No.4 No.4 No.4 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.6 No.6 No.6 No.6 No.6 No.6 12 48 40 40 48 56 48 48 40 40 40 48 48 48 48 40 40 

One-story 8 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.5 No.5 No.5 No.5 
building 64 64 72 72 56 56 56 56 40 40 40 48 56 56 56 56 

or 10 No.5 No.5 No.4 No.4 No.5 No.5 No.5 No.5 No.5 No.6 No.6 No.5 No.6 No.6 No.6 No.6 
top story 56 56 40 40 48 48 48 48 32 56 56 40 40 40 40 40 

of two-story 
No.5 No.5 No.5 No.5 No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 Use 10-inch or 

c building 12 40 40 40 40 40 48 48 48 32 32 32 32 larger units 

8 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.4 No.5 No.5 No.5 No.5 No.5 
First story 72 64 56 48 56 48 48 40 40 40 40 48 56 48 48 40 

of a 10 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.6 No.6 No.6 No.6 No.6 No.6 No.6 
two-story 64 56 48 48 48 48 40 40 40 48 48 40 40 40 40 32 
building No.5 No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 12 40 48 48 40 40 40 40 32 32 32 32 Use 1 0-inch or larger units 

One-story 8 No.4 No.4 No.4 No.4 No.4 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 
building 56 56 56 64 40 72 72 72 56 56 56 56 48 48 48 48 

D 
or 

10 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 
top story 48 48 48 56 40 40 40 40 56 48 48 48 32 32 40 40 

of two-story 
No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 Use 1 0-inch or building 12 48 48 48 48 40 40 40 40 24 32 32 32 larger units 

l> ., ., 
m z 
0 
x 
0 
:::t 
l> 
~ 
m 
:a 
1\) .. 

.. 
! 
c: z 
~ 
:a 
3: 
m 
c: 
F 
0 z 
C) 

0 
0 
0 
m 



~ ... 
N 
Ul ... 

8 No.4 No.4 No.4 No.4 No.4 No.5 No.5 No.5 

First story 64 56 48 48 48 64 56 56 

D cont. of a tO No.5 No.5 No.5 No.5 No.5 No.5 No.6 No.6 
two-story 56 48 48 40 40 40 48 48 
building No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 12 48 48 40 40 40 32 32 32 

*NR- No vertical reinforcement required. However, see Table A-21-F for shear wall reinforcement. 
1These values are for walls with running bond. For stack bond see Section 2112.8.3. 

No.5 No.5 No.5 No.5 No.5 No.5 No.5 No.5 
56 48 48 48 48 40 40 40 

No.6 No.6 No.6 No.6 No.6 No.6 No.6 No.6 
48 40 40 40 40 32 32 32 

Use 10-inch or larger units 

2The figure on top of the listed data is the bar size; the figure below it is the maximum spacing in inches (mm). Reinforcing bar strength shall be A 615 Grade 60. 
3Roof load is assumed to be concentrically loaded on the wall. For roofs which hang on ledgers, a design is required. 
4Minimum horizontal reinforcement shall be one No.4 at the ledger and foundation. Also, see Table A-21-E for lintels and Table A-21-F for shear wall reinforcing where 

applicable. 
5Hook vertical bars over bond beam as shown. Extend bars into footing using lap splices where necessary. 
To use this table, check criteria by the following method: 

5·1 Choose proper roof live load from Table 16-C or snow load criteria for the locality in which the building is located. 
5.2Check if building is enclosed or partially enclosed by the procedure in Chapter 16, Part II. 
5.3Choose proper floor load from Table 16-A. [For loads less than 50 psf (2.4 kN/m2), use 50 psf(2.4 kN/m2), and for loads between 50psf (2.4 kN/m2) and 100 psf (4.8 

kN/m2), use 100 psf (4.8 kN/m2).] 
5.4Find proper wind speed and exposure for the site-see Figure 16-1, Chapter 16, Sections 1615 and 1616. 
5.S Within the proper vertical column, choose appropriate span-to-bearing wall and appropriate height and story. 
5·6 Read proper size and spacing of reinforcement for the thickness of the wall mentioned in the title of the table. (Equivalent area of steel, taking spacing into account, 

may be substituted.) 
5·7For buildings in Seismic Zone 2 (see Figure 16-2 in Chapter 16), use minimum reinforcement in Figure A-21-2 if it is more restrictive than the table values. 
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TABLE A-21-D-ANCHORAGE OF WOOD MEMBERS TO EXTERIOR WALLS FOR VERTICAL AND UPLIFT FORCES 
[In areas where basic wind speeds are 80 miles per hour (129 km/h) or greater] 

See Figure A-21-7 for details 
Part 1-Anchor bolt size and spacing [in inches (in mm)]1,2,3 on wood ledgers carrying vertical loads from roofs and floors4,5 

Douglas fir-larch, California redwood (close grain) and southern pine6·7 

2-INCH (51 mm x) x LEDGER 3-INCH (76 mm x) x LEDGER 4-INCH (102 mm x) x LEDGER 

Span between Bearing Walls (feet) 

LIVE x 304.8 for mm 
LOAOS·9 

psi 8 16 24 32 8 16 24 32 8 16 24 

X 0.0479 
TYPE OF for x 25.4for mm 
LOADING kNfm2) 

20 1/2 (2)1/2 5fa lfa 1/2 1/2 (2)1/2 lfa - 5fa 7/s 
32 16 16 16 32 16 32 16 - 32 32 

Roof 30 (2)1/2 1/2 3f4 7/s 1/2 (2)1/s 7/s 7/s - (2)1/2 5fs 
32 16 16 16 16 32 16 16 - 32 16 

40 1/2 5fa 3/4 - 5fa (2)5fa 7/s 1 5fa 5fa 3/4 
16 16 8 - 16 32 16 16 32 16 16 

50 1/2 1 - - 5/s 3/4 3/4 11/4 5fa 7/s 7/s 
Floor10 16 12 - - 24 32 12 12 24 24 16 

100 1 (2)3/4 - - 5fa 1 (2)3/4 (2)1 7/s 3/4 1 
16 12 - - 16 12 12 12 16 12 12 

32 

(2)5fs 
32 

3f4 
16 

7/s 
16 

7/s 
12 

(2)% 
12 

ICJoser spacing may be used. 
2Use two bolts, one above the other, at splices and locate them away from the splice end by 31h inches (89 mm) for 1h-inch (13 mm) diameter, 41h inches (114.3 mm) for 

5/s-inch (15.9 mm) diameter, 51;4 inches (133 mm) for 3;4-inch (19 mm) diameter, 61/4 inches (158 mm) for 7/s-inch (22.2 mm) diameter and 7 inches (178 mm) for l-inch 
(25.4 mm) diameter. 

3See Table A-21-F for lateral force requirements (when applicable). 
4Tabulated values are based on short-term loading due to roof loads (25 percent) or snow loads (15 percent), whichever controls. No increase is allowed for floor loads. 
5See details in Figure A-21-7 for location relative to other construction. Note that roofs are concentrically loaded. 
6See Chapter 23, Division III, Table 23-III-G, for other species. Adjust spacing in direct proportion to the perpendicular-to-grain values for the applicable ledger and bolt 

sizes shown using the procedure described in Section 2310.2, second paragraph. No increase is allowed for special inspection. 
7Values on top are bolt sizes and underneath are spacing. Multiple bolts are shown in parenthesis: example (2) = two. 
8See Table 16-C or Appendix Chapter 16, Division I, for values. 
9Joist spacing is limited to 30 inches (762 mm) on center maximum. 
10Where two bolts are required they shall be staggered at half the spacing shown or be placed one above the other. 
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Part 11-Uplift anchors1 for wood roof members [number of common nails in a 0.036 inch (0.91 mm) (No. 20 galvanized sheet gage) by 
11/8-inch (28.6 mm) tie strap embedded 5 inches (127 mm) into a masonry bond beam2] 

SO MPH 90MPH 100MPH 

x 1.61 for kmlh 

Span between Bearing Walls (feet)5 

x 304.8 for mm 

ENCLOSURE3 EXPOSURE4 8 16 24 32 8 16 24 32 8 16 24 32 8 

B NR NR NR NR NR NR NR NR NR NR NR NR NR 

Enclosed c NR NR NR NR NR 2·8d 3·8d 4·8d 2·8d 4·8d 5·10d 5·10d 2·10d 

D NR 2·8d 3·8d 4·8d 2·8d 4·8d 4·10d 5·10d 3·8d 5·8d 5·10d 4·10d 3·10d 
24" 

B NR NR NR NR NR NR 2·8d 2·8d NR 2·8d 4·8d 5·10d 2·8d 

Open c 2·8d 4·8d 5-Bd 5·10d 3·8d 5-Bd 3·10d 4·10d 3·10d 5·10d 5·10d 5·10d 5-8d 
24" 24" 24" 16" 

D 2·8d 5·8d 5·10d 5·10d 4·8d 5·10d 4·10d 5·10d 5·8d 4·10d 6·10d 6·10d 4·8d 
24" 24" 24" 24" 24" 16" 

NR- No requirements; use Table 23-1-Q minimum. 
1Tie straps are at 48 inches (1219 mm) on center unless otherwise stated. See Figure A-21-7 for illustration of tie straps. 
2Bond beam to be at least 48 inches (1219 mm) deep nominal and shall be reinforced as shown in Table A-21-E for lintels, or Tables A-21-C-1 

in general where they are more restrictive. 
3See Chapter 21, Part II, for definitions. 
4See Section 1613 for definitions. 
5For flat roofs connected to interior walls, the span shall be one half the larger distance on either side of the wall. 

110MPH 

16 24 32 

NR 2·Bd 2·Bd 

4·10d 3·10d 4·10d 
24" 24" 

5·10d 4·10d 5·10d 
24" 24" 

4·8d 5·8d 6·10d 

4·10d 5-10d 6·10d 
24" 16" 16" 

5·10d 6·10d 6·10d 
24" 16" 12" 

through A-21-C-5 for walls 
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TABLE A-21-E-LINTEL REINFORCEMENT OVER EXTERIOR OPENINGS1,LWOOD AND STEEL FRAMING3 

[Lintels larger than 12 feet 0 inch (3658 mm) shall be designed.J4 
8-INCH (203 mm) MASONRY UNITS5 

Parti-RoofLoads5 

SECOND STORY OF A TWO-STORY OR ONE-STORY BUILDINGS ROOF LIVE LOA[)6,7.S 

2D-30 psi 40 psi 

x 0.0479 lor kNtm2 

Width of Opening9 (feet) 

x 304.81or mm 

ANY WALL SPAN TO 4 8 12 4 8 
HEIGHT BEARING 

(feet) WALLS (leet)9 Lintel depth (Inches) number and size of rebar 

x 304.81or mm x 25.41or mm 

8 8 8 I6 8 8 
I No.3 I No.3 I No.4 I No.3 I No.4 

(B) 

I6 8 8 I6 8 8 
Any I No.3 I No.3 l No.4 1 No.3 2No.4 

(up to 12') (B) (A) 

24 8 8 I6 8 16 
I No.3 I No.4 l No.4 1 No.3 1 No.4 

(B) (B) 

32 8 16 I6 8 I6 
l No.3 1 No.4 I No.5 I No.3 1 No.5 

(B) (B) (B) 

12 

I6 
I No.4 

(B) 

I6 
2No.5 

(B) 

24 
2No. 5 

(B) 

24 
2No.5 

(C) 
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Part 11-Fioor and Roof loads5 
FIRST STORY OF TWO-STORY BUILDINGS FLOOR LIVE LOAD10 

50psf 100 psi 
x 0.0479 for kNJm2 

Width of Opening9 (feet) 
x 304.8 for mm 

SPAN TO 4 8 12 4 8 12 
WALL BEARING9, 11 

Lintel depth (inches) number and size of rebar HEIGHT WALLS (feel) 
x 304.8 for mm x 25.4formm 

8 8 8 16 8 8 16 
I No.3 I No.4 I No.4 I No.3 2No.4 2No. 5 

(B) (A) (B) 

16 8 8 16 8 16 24 
Any I No.3 2No.4 2No.5 1 No.3 1 No.4 2No.4 

(up to 12') (A) (B) (B) (C) 

24 8 16 24 8 16 24 
I No.3 I No.4 2No.5 I No.3 I No.5 3No. 5 

(B) (B) (A) (B) (C) 

32 8 16 24 8 24 Design I No.3 I No.5 2No.5 I No.4 2No. 5 
(B) (C) (B) (C) 

Required 

iThe values shown are number and size of A 615,60 grade steel reinforcement bars: Example-2 No.4 is two 1h-inch-diameter (13 mm) deformed reinforcing bars. See 
also Figure A-21-D for continuous load path. 

2Stirrup spacing requirements: A= No.3 at 8 inches (203 mm) on center, B =No.3 at 4 inches (102 mm) on center, C =No.4 at 8 inches (203 mm) on center. None are 
required unless specifically mentioned in the table. 

Joesign required for lintels supporting precast planks. 
4Lintels are 8-inch (203 mm) nominal depth where supporting roof!oads only and I 6-inch ( 406 mm) nominal depth where supporting floor and roofs unless otherwise stated. 

All lintels are solidly grouted. 
swan weight is included. 
trrhe stirrup size and spacing, where required, as indicated in parenthesis below the reinforcing bar requirements. 
7 All exposure categories are included for wind uplift on the lintel. See Footnote 4 of Tables A-21-C-1 through A-21-C-5 as a minimum bond beam. Table A-21-F may also 

control. 
8Two No.5 vertical bars minimum are required on each side of the lintel for 100 and I 10 miles per hour(l61 and 177 km/h), Exposure D. Barto extend 25 inches (635 mm) 

beyond opening or hook over top bars. 
9For spans between the figures shown, go to next higher span width. 
1Df"rom Table 21-A. For other floor loads go to next higher value. Where required floor load exceeds I 00 pounds per square foot ( 4.8 kNJm2), a design is required. 
11 When interior walis support floors from each side, these values may be used if the spans on each side are less than 16 feet 0 inch (4877 mm) each. Enter the table with 

the total of both span widths. 
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APPENDIX CHAPTER 21 1994 UNIFORM BUILDING CODE 

TABLE A-21-F-MASONRY SHEAR WALL1,2,3 AND DIAPHRAGM 
REQUIREMENTS IN HIGH-WIND AREAS4 

Part 1-Minimum wall length and horizontal bar reinforcement required for 
exterior shear walls and cross wallss (all wall heights). [Design criteria: 20 psf to 40 psf (0.96 kNJm2 to 
1 .9 kNJm2) roof load; 50 psf or 1 00 psf (2.4 kNJm2 or 4.8 kNJm2) floor load; open or enclosed buildings.] 

8-INCH (203 mm) WALLS6 

Distance between 
Shear Resisting Walls7 

'"L" or "b" 
Wind Speed (feet) 

> 1.61 for kmih Exposure x 304.8 lor mm 
--

32 

H 4X 

M 

r--
'0 -'-

SO mph c 4X 

M 
----------

J2 

D 4X 

64 
-----··---

J2 

B 4X 

Or 
' 

1 

r----
-· 

e-story 
;econd 
·wo~stor 

N 

N 

!0 

\J 

_, 

---

S' 

l)' 

( 

10 

-······-

N 

N 

First Story of a 
Two-story Building 

inch x 25.41or mm 
foot x 304.8 mm 

~---

~R 9'-4" 

~R 
5'-4" 

DBL(Dl 
-----j 

7'-6" 
-0" 

i 
DBL(Ci 

~R 
5'-4'' 

----1 
DBL(C) 

R' -8" 

~(~ DBL(Ci 

~ 
15'-0" 

;D) 

7'-0" 
(C) 

' 

' 10'-8" 

I -

(D) 

;[~-
11'-8" 

tD) 

'iR 
7'-W' 

I 
I DBL(C) 

------

'iR 
X'-0" 
(D) 

I 

-~ t---- ----~- ----

M 
f----

32 

90 mph 
i 

c 48 

M 

32 

I D 4X 

I 

I I 
64 

I I 
! 

IOOmph_l_R 
p 

I 

4X 
~-

64 

2-1256 

-~ ~---

-~ t----

__l__ __ 

I' 

N 

13 

10 
( 

7' 

i~ 

( 

II 
( 

" 
(\ 

iS 

-X'' 12'-0" 
(D) 

SR 14'-8" 

-X'' 
10' -0" 
(Di 

-X" 15'-6" 
:·) DBL (Bi 

X" II '-8" 
) (D) 
-if---~!2'-8" ___ 

) DBL (B) 

-S" IX'-4" 
I)) DBL(C) 
-----r-

SR 
5'-4" 

DBL(C) 

-0" 10'-0" 
!D) 

- ----r-

-4'' 64' -X" 

: DBL<C) 



1994 UNIFORM BUILDING CODE APPENDIX CHAPTER 21 

Wind Speed 

x 1.61 for km/h 

100 mph 
(continued) 

110mph 

I 

TABLE A-21-F-MASONRY SHEAR WALL1,2,3 AND DIAPHRAGM 
REQUIREMENTS IN HIGH-WIND AREAS4-(Part I Continued) 

8-INCH (203 mm) WALLS6 

Distance between 
Shear Resisting Walls7 One-sto:y Building or 

First Story of a "L" or "b" Secon Story of a 
(feet) Two-story Building Two-story Building 

x 304.8 for mm Inch x 25.4 for mm 
Exposure foot x 304.8 mm 

32 
5'-4" 11 '-8'' 
(D) (D) 

(' 4X 
12'-8" 12'-8" 

(C) DBL(C) 
-· 

64 
12'-4" 19'-8" 

(D) DBL(Cl 
--

5'-4" 9'-4" 
32 DBL (B) DBL(C) 

----

I 
9'-4" 14'-8" 

D 48 
(D) DBL (C') 

----

64 
17' -4" 21'-0" 
([)} DBLiC) 

--

p NSR 
6'-0" 

DBL(C) 
--· 

B 48 12'-0" 
10'-0" 

DBL(C) 
-~~--

64 
12'-8" 14'-0" 

I C) (D) 

I 
32 

5'-4" 9'-8" 
DBL(B) (!)) 

I -· -------·· 
! c 48 

12'-0" 15'-4" 
iCJ (D) 

·-

M 
16'-X'' i 18' -8'' 

iCJ I DBL(CJ 

32 
W-8" 

I 
11'-4" 

I C) (0) 
·---

D 48 
12'-4" 18'-0" 

tCl ID) 
--

64 
18'-W' 20'-8'' 

I (Ci DBL(C) 
I 

*NSR-No special horizontal reinforcement required for shear resistance if5 feet 4 inches ( 1626 mm) long minimum. 
1Cumulative shear wall length is to be at least as long as is shown in this table. However, see Figure A-21-9. The top 

figure is the minimum length. When required, the figure below it in parenthesis is the ~pacing of steel reinforcing 
wire installed as shown in Figure A-21-10, below. (A)= two 0.148 inch (3.76 mm) (No.9 B.W. gage) at 16 inches 
(406 mm) on center, (B)= two 3; 16 inch (4.76 mm) at 16 inches (406 mm) on center, (C)= two 0.148 inches (3.76 
mm) (No.9 B.W. gage) at 8 inches (203 mm) on center, (D)= two 3/ 10 inch (4.76 rnm) at 8 inches (203 mrn) on 
center. The symbol DBL means double these amounts. Equivalent area' of reinforcing bars spaced not over 4 feet 
0 inch ( 1219 mm) on center may be used. 

2Ail bearing and shear walls are to be in-plane with vertical reinforcement. when required. extending from one floor 
to the other as dictated in Tables A-21-C-1 through A-21-C-5. 

3Minimum bond beam shall be I 00 miles per hour (mph) ( 161 km/h). Exposure B; 90 mph ( 145 km/h). Exposure B, 
and 80 mph (129 km/h), Exposures B and C. one No. 4; 100 mph 1 161 km/h I, Exposure C; 80 and 90 mph (129 
and 145 km/h); Exposures C and D, two No.4; all others two No. 'i. 

~Table is adjusted to include provisions for Seismic Zones 0, I and 2. 
'Cross walls are to be at least twice as long as shown in the table for shear walb. The tributary width tL/21 shall be 

the distance used in the third column above to find minimum reinforcement and length. 
6For walls which width is equal to or less than half its height. add an ntr.1 :\o. 'i vertical bar at each end. 
7 Usc 32-foot (9753 mm) requirements for d1stanccs lc" than '2 feet 1'.1754 mm). Also use it for bearing walls used 

as shear walls. 
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APPENDIX CHAPTER 21 1994 UNIFORM BUILDING CODE 

TABLE A·21·F-MASONRY SHEAR WALL1,2,3 AND DIAPHRAGM 
REQUIREMENTS IN HIGH-WIND AREAS4-(Continued) 

Part 11-Wood floor and roof diaphragms and connectionsB,9 
[All wall heights 8 feet to 12 feet (2438 mm to 3657 mm).] 

Wind 
Speed 

x 1.61 for km/h 

80mph 

90mph 

FRAMING OF DOUGLAS FIR-LARCH OR SOUTHERN PINE 

0
. t b tw Minimum Wood Structural Panel/Particleboard 
·~:.:'a~ew:nsteoen Size9 and Nalling11,12 

"L" or "b" Thickness Nail Spacing 
(feet) (inches) _ Common Nail (inches) 

Exposure x 304.8 for mm x 25.4 for mm Size (penny) x 25.4 for mm 

16 5/16- 6 6o.c. I 
B 32 1/R -- - -6-- 6 o.c. 

48 1/R -- X 6 o.c. 
64 -3"/;-- ---X-- 6 o.c. 

16 1/R - X 6o.c. 

c 32 1h or 1'-/.12- X 6 o.c. 

48 1/c or 1'-!.12- -- 10 6 o.c. 

64 5/~or 19h2 - 10 ~o.c. 
16 1;, or Is;,;-- X 6 o.c~ 

f- 32 5;: or 19/.'~----+- ___ 1_0___ 6 o.c. 

I 48 1;2orl'>;,, 
1 blocked D 8 4/6 o.c. 

64 112 or 15;,_, 
blocked 8 4/6 o.c. 

16 ~--- 6 6o.c. 

f-. 32 . 1
/R =~- 8 6 o.c. 

48 1/K 8 6 o.c. 

B 

64 -'IR 8 6 o.c. I 
16 1;2 or 15/.~;- 10 6 o.c. 

1/x 
blocked ; -T;;----i-
blocked 1 

- 'x or 19/r ---t 
blocked ~ 1 I 0 6 o.c. 

5/x or 1 ~/.12 i _ 10 6 o.c. 

ljo or 1'/p i 
blocked- 1 I 0 4/6 o.c. 

'r, or 15/r -+- -------l----------1 

blocked - I 0 4/6 o.c. 

32 8 4/6 o.c. 

c 4X 8 4/6 o.c. 

M 

16 

32 

D 4X 

· 64 Design required or 

[

----1- __ provide extra cross walls 

'[ 16 ~-- -~-T x 6 o.c. l 
, \00 mph B 32 1

h or 
15 /1~_' _ = 8 6 o.c. 

48 1hor 15/r 8 6o.c. 

'------- 64 
5

/R or 
1 '1/'_-~= = __ 10 6 o.c. I 
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1994 UNIFORM BUILDING CODE APPENDIX CHAPTER 21 

TABLE A-21-F-MASONRY SHEAR WALL1,2,3 AND DIAPHRAGM 
-- ------------ ··- --- -- ------------- - ----- -----------, 

FRAMING OF DOUGLAS FIR-LARCH OR SOUTHERN PINE 

Distance between 
Minimum Wood Structural Panel/Particleboard 

Shear Watts10 
Slze9 and Nailing11,12 I 

Wind "L"or"b" Thickness Nail Spacing 
Speed (teet) (inches) 

Common Nail 
(inches) 

x 1.61 for kmlh Exposure x 304.8 for mm x 25.41or mm-- Size (penny) x 25.41or mm 

16 3/s blocked 8 4/6 n.c. 

I 

32 'Is or 19/:1~ 10 4/6 o.c. c blocked 

48 'lsor19;,~ I 10 4/6 o.c. 
+·-block=~- J 

64 
Design required or 

100 mph 
provide extra cross walls 

'hoc"IP GE_E I continued) 16 blocked- 10 416 0 c. 
- ------ ------

32 'lx or IY'"' 

D blocked'- 10 416 0 c 
I ~---------------------- - _,_ 

48 
Design required or 

pruvide extra cross walh 
--·-·- .. ~ 

~ 
i 64 

Design required or 
provide extra cross walls 

16 lh or ISh, -E·-----8-- 6 o.c. 

__ j__ 1;; or 15;;; = _=._- II_)_~ I 

I 

32 6 o.c. 
--

B 48 · "lx or 1"h, 10 6 o.c. -+- - __ -----
I i lh or 151:12 8 

L 64 
1 blocked 4/6 o.c. 

-------

I 
16 

1f2 or 15/n 
8 4/6 o.c. blocked 

5/sor l'lh2 
- r------------

c 32 blocked 
[() 4/6 o.c. 

I 
---i------- - -- -

llOmph 48 
Design required or j I provide extra cross walls 

r- --1------------ -- -
I Design required or 

_ r>n~>Vide extra cross walls ~ 
5/x or 

19
ho I 

f--------+-- block~-~~ _ 10 4/6 o.c. 

64 

16 

D 
32 

4X 

I 64 

Design required or 

E, ~~~e:;~~~;~q~~~~~ ~~::: 
Design required or 

JJTovide extra cross walls 
8These requirements represent the maximum values for a diaphragm which is within a maximum 32-foot by 64-foot 

(9.75 m by 19.5 m) module surrounded by shear walls. cross walb or be<Jring walls. fScc Figure A-21-9.) 
'lsee Tables 23-1-S-1 and 23-1-S-2 for minimum sizes depending on span between joists. 
lOsee Figure A-21-9 for "L" and ··b." 
11 The wood structural panel/particleboard (all grades) thickness is giv·.~n first. The nailing size and boundary/ I 

supported edge spacing is shown next (see Tables ::!3-1-J-l and 2.'-l-J-~ '· Blocking of unsupported edges is stated 
where required. Twelve-inch (l05 mm) spacing required in th~ field of the roof/tlnor. Boundary nailing is required 
over interior walls I see Figure A- 21-12 (b) 1. 

12 Usc Case 1 for unblocked diaphragms and any case t(Jr blocked diaphr:~g111s hee Tables 2..1-1-J-1 and 23-1-J-2 for 
illustration I. 
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TABLE A-21-G-MINIMUM WALL CONNECTION REQUIREMENTS IN HIGH-WIND AREAS 
Precast Hollow-core Plank Floors and Roofs 

Spacina of No. 4 bent reinforcing bar in block or brick walls connected to precast concrete 
planks-r.2 

EXTERIOR WAL LS INTERIOR WALLS 
WIND SPEED AND EXPOSURE 

'25.4 for mm 
--

90 mph (145 km/h) Exposure C and less 32" U.C 
I 00 mph ( 161 km/h) Exposure B 

-··-

16'' o.c. 

- ---+-----
90 mph ( 145 km/h) Exposure D 
100 mph ( 161 km/h) Exposure C 24'' o.c. 12" o.c. 
I I 0 mph ( 177 km/h) Exposure B 

--

I 00 mph ( 161 km/h) Exposure D 16'' o.c. 
I I 0 mph ( 177 km/h) Exposures C and D 

12" o.c. 

1This table assumes maximum wall height of 12 feet (3.7 m) and a width-In-length ratio of diaphragm between shear 
walb of 3: I ur less. 

2Thc precast planks shall he designed as shall the walls and footings supportin~ I hem. 

TABLE A-21-H-MINIMUM HOLD-DOWN REQUIREMENTS IN HIGH-WIND AREAS 
Steel Floors and Roofs 

MAXIMUM SPACING OF ROOF J OISTS WITH CONNECTION SHOWN1,2,3 
WIND SPEED AND EXPOSURE ···-

'; 5.4formm 
------·· -·· 

I 00 mph ( 161 km/h) Exposure B 
90 mph ( 145 km/h) Exposures Band C -<W' 
80 mph ( 129 km/h) Exposures B, C and D 

-

110 mph (177 km/h) Exposure B 
100 mph ( 161 km/h) Exposure C 

;()" 

- -··--

II 0 mph ( 177 km/h) Exposures C and D 
DeSI 100 mph (161 km/h) Exposure D gn required 

--·- ·-

1 Maximum span is 32 feet (9.75 ml to bearing walb. 
2 Joists and decking to be designed. 
'Bottom chord of joists to be braced for reversal of stresses caused by wmd upl1ft. 
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TABLE A-21-1-DIAGONAL BRACING REQUIREMENTS 
FOR GABLE-END WALL1,2 ROOF PITCH 3:12 to 5:12 

h BASIC WIND SPEED (mpt I 

x 1.61 for km/h 

80 90 100 

4:12 (33%) 4:12 (33%) 
3:12 (25%) and 5:12 3:12 (25%) and 5:12 3:12 (25%] 

EXPOSURE (42%) (42%) 

i 4:12 (33%) 
and 5:12 

(42"k) 
--~--

x 25.4for mm 
--,---· 

[ [[[ I [[] I 
B at at at at <tt 

48" o.c. 48" o.c. 48" o.c. 48" o.c. 24" o.c. 

[ [[[ I [[] [[ 

c at m at at at 
24" o.c. 48" o.c. 24" o.c. 24" o.c. 24" o.c. 

I [[] 

l 
at 

24" o.c. 

IV 
at 

24" o.c. 

I Ill II IV II IV 
D at at at at at at 

24" o.c. 48" ll.C. 24" o.c. 24" o.c. 24" o.c. 24" o.c. 

1 I = 2-inch by 4-inch brae~. one clip angle (51 mm x 102 mm). 
II - 2-inch by 4-inch brace, two clip angles (one each side) (51 mm x 102 mm). 

Ill 3-inch by 4-inch brace. one clip angle (76 mm x 102 mm). 
IV 3-inch by 4-inch brace. two clip angles (one each side) (76 mm x I 02 mm). 

The spacing requirements of the brace are shown below the symbol. 
2See Figures A-21-17 and A-21-18 for details and size of clip angles. 

110 

3:12(25%) 
4:12 (33%) 
and 5:12 

(42%) 

I Ill 
at at 

24" o.c. 24" o.c. 

II IV 
at at 

24" o.c. 24" o.c. 

Two-IT Two-lll 
at at 

24" o.c. 24" o.c. 
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Note: Horizontal and 
vertical reinforcement to 
be determined by Tables 
A-21-C-1 through 
A-21-C-5 and A-21-F. -~ 

CMU or brick 
_ masonry wall 

Vertical reinforcement 
(fill cells at reinforcement 
with grout) 

Honzontal reinforcement 
as required 

Horizontal bars in grout- t:Gfi¥Qj, ·.~-- ,._ :-~·:,;.:::_,-:{1-,::::- 31;
2

" (89 mm) (typ.) filled bond beam ·•• · .. 

Undisturbed "" 1'11\\\lil\~v;,;l 
ground .. · · · 
surface 

Embed 18" (457 mm) below-
grade or below the 1 

frost line, whichever ' 
is deeper (typ.) 

Continuous 
reinforcement 
required if on fill 

No. 4 horizontal bars 
at 24" (61 0 mm) o.c 
where required by 
Table A-21-A-1 (typ.) 

Grout-filled 
''iT"''If------ hollow-masonry 

unit all cells 

Bend alternate bars 

-~- 8"(203mm) 
m1n1mum 

I )I ~ I_ =--=-== 
3" 76 mm) clear \ 

See Table A-21-A-1 for 
depth and width (typ.) 

HOLLOW-MASONRY UNIT EXTERIOR FOUNDATION WALL 

FIGURE A-21-1-VARIOUS DETAILS OF FOOTINGS 
(See Tables A-21-A-1 and A-21-A-2 for widths.) 
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Vertical reinforcement 
(fill cells at reinforcement 
with grout) 

See Tables A-21-C-1 
through A-21-C-5 

Undisturbed / 
ground surface 

~ CMU or brick masonry wall 

Horizontal reinforcement 

Concrete slab on grade 

GRADE BEAM OR CONTINUOUS CONCRETE SLAB-TURN DOWN 

' 
Pmperty lioo l 
Continuous 
reinforcement 

No. 4 dowels at 24" --._ _ 
(61 0 mm) o.c. 
at property line 

Center footing when wall 
not on property line 

Note: See adjacent 
drawing for details and 
dimensions not called out. 

Required width per 
Table A-21-A-1 

HOLLOW-MASONRY UNIT CONCRETE EXTERIOR FOUNDATION WALL 

FIGURE A-21-1-VARIOUS DETAILS OF FOOTINGS-(Continued) 
(See Tables A-21-A-1 and A-21-A-2 for widths.) 
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CMU or brick. masonry 

;>te<l Vertical reinforcement 
(fill cells at reinforcement 
with grout) 

Horizontal 
reinforcement 

t *~ , ·--4 _, ~ '" . =-~~ . , ~ u ---t 

Continuous 
reinforcement 
if on fill 

~ Grout-filled 
· CMU all cells 

=t 3"(76mm) 
'----------' ---- clear 

HOLLOW-MASONRY UNIT INTERIOR FOUNDATION WALL 

3" 

Continuous 
reinforcement 
if on fill 

Note: See above for details 
not called out 

(76 mm)~ No.4 bar at 24" 

~ 1 (610 mm) o.c. 
See Table A-21-A-2 _ ---f when required by 
for width Table A-?1- A-2 

CONCRETE INTERIOR NONBEARING WALL FOOTING 

FIGURE A-21-1-VARIOUS DETAILS OF FOOTING5--(Continued) 
(See Tables A-21-A-1 and A-21-A-2 for widths.) 
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~AXIMUM 10-FOOT-M 
(3048 mm) 
SPACING 

ALSO SEE 
TABLE A-: 
FOR LINT 
REINFOR 

ALSO SEE 
TABLEA-2 
FOR BON[ 
REINFORC 

CONTINU 
LINTEL 
REIN FOR 
MAY BEL 
PART OF 
REQUIRE 
HORIZON 
REIN FOR 

1-E 
L 
EMENT 

-F 
BEAM 

EMENT 

)US 

~EMENT-
SED AS 
THE 
) 

fAL 
~EMENT 

~ 

ROOF • ONE NO.4 BAR AT BOND BEAM 

ON) NO.4 BAR 

4FT. MAX. 

1-'i. 
24-INCH (61 0 mm) OR 40-BAR 

~DIAMETER MtiM~ \YPICAL 

[X cg] 
FLOOR"l. BOND BEAM AT LEDGER, 

ONE NO.4 MINIMUM/ 

ONE NO.4 BAR AT 10 FEET (3048 mm) ON CENTER 

---

01 
41 
Ml 
n 

12 FEET I 
(± 3657.6 

1 
HORIZONTALLY, TYPICAL, OR USE UNIFORMLY DISTRIBUTED 

0
JOINT REINFORCEMENT OF EQUIVALENT AREA INSTEAD. 

t') 12 FEE-

~ C><. 
(± 3657. 

24-INCH (610 mm) Ld) bY 
OR 40-BAR DIAMETER MINIMUM, TYPICAL 

E NO.4 BAR AT 
EET (1219 mm) O.C. 

NIMUM VERTICALLY, 
PI CAL 

R LESS 
mm) 

OR LESS 
mm) 

EXTEND DOWELS ON SAME SIZE AS VERTICAL ~~~' 
30 BAR DIAMETERS INTO THE WALL 

ONE NO.4 HORIZONTAL BAR IN 
FOOTING. MINIMUM 

FIGURE A-21-2-MINIMUM MASONRY 
WALL REQUIREMENTS IN SEISMIC ZONE 2 
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SEE FIGURES A-21 -4 
AND A-21-6 FOR VARIOUS 
FLOOR SUPPORT DETAILS. 

x 
<( 

::2 

E 
E 

<Xl 
N 
Ll) 

"' ~ 
9 

d (See Figure 
A-21-6.) 

[f) 
w 
a: 
~ 

3"+ ,__ 
~·~~~~~~L•---t~--~-

(76 mm) __ J-7 I 
SEE FIGURE A-21-3 
BELOW FOR DRAINAGE 

NO.4 REINFORCEMENT --- \::::SEE TABLE A-21 A ·1 FOR 
WHEN REQUIRED WIDTH AND REINFORCEMENT 

BASEMENT WALL 

BITUMINOUS JOINT 

WATERPROO~I 
MEMBRANE~\ 
~\ 

FULL MORTAR JOINT 

FIGURE A-21-3-BELOW-GRADE WALL AND DRAINAGE DETAILS 
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SIDING 
WOOD 
STRUCTURAL 
PANEL SHEATHING 

ANGLE CLIP 

21n~:~2 .. 
1 1/2"(38mm)~(38mm) 

ANGLE CLIP 

2" (51 mm: TREATED 
WOOD PLATE ON 
MORTAR BED 

FILL TOP COURSE 
WITH GROUT 

NOTE: SEE ADJACENT DRWG. 
FOR DET. NOT CALLED OUT 

SOLID UNITS 

FILL WITH GROUT 
AT ANCHORS 

1 o·· or 12" '.254 mm or 305 mm) 
~ HOLLOW-MASONRY UNIT 

ANGLE CLIP: FOUR 8d COMMON NAILS EACH LEG. 
USE MINIMUM 0.047 INCH (1.04 mm) (NO. 18 
GALVANIZED SHEET GAGE) (See Table A-21-B 
for minimum spacing. Where two clips are required, 
place one clip on each :·•ide of joist.) 

FIGURE A-21-4-HOLLOW-MASONRY 
UNIT FOUNDATION WALL-WOOD FLOOR 
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ANCHOR WALL TO 
FTG. WITH DOWELS 
OF SAME SIZE, 
SPACING AND 
POSITION AS 
VERT REINF 

VERTICAL REINFORCEMENT 

VERT REINF 

ALT. ANCHORAGE DETAIL 

2-1268 

S ~ 96" (2438 mm) MAX. 
TWO CORE UNITS 

TYPICAL HORIZONTAL SECTION 

8" (203 mm) WALLS 1 ~ 75/8" (194 mm) d ~ 5" (127 mm) 
1 0" (254 mm) WALLS I~ g5/ "(245 mm) d ~ 7" (153 mm) 
12" (305 mm) WALLS I~ '15;8 . (295 mm) d ~ 83/4 " (225 mm) 

FIGURE A-21-5-PLACEMENT OF REINFORCEMENT 

MASONRY BRIDGING, 
BETWEEN JOISTS ' 

WOOD JOISTS 

JOIST ANCHORS BOLTED 
TO WOOD JOISTS WITH 
ENDS BENT DOWN AND 
EMBEDDED IN BOND 
BEAM AT 48" (1219 mm) MAX. 

(A) HOLLOW-MASONRY UNIT WALL-WOOD FLOOR 

FIGURE A-21-6-VARIOUS CONNECTIONS 
OF FLOORS TO BASEMENT WALLS 
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GROUT AT ANCHOR 

JOINT REINF. 
AS REQUIRED 

!(; 
FINISH VARIES 

WOOD FLOOR 

;:·K<f,tLJ ~OODJOISTS 

1118" (28.6 mm) x 0.036 inch (0.91 mm) 
(NO. 20 GALVANIZED SHEET GAGE) 
TWISTED ANCHOR STRAP AT 

> .. · /,· 4"-0" (1219 mm) O.C. 
--:::/// (over 3 joists) IN VERTICAL JOINT OF 
· Y._/. ', , BLOCK (over 2 joists in interior wall) 

• '< • \ 

/ . ~ 
' Hollow-masonry unit wall 

NOTE: SEE ABOVE FOR 
DETAILS NOT CALLED OUT 

ti1 
~Hollow-masonry unit 

' · · wall single wythe 

NOTE: SEE ADJACENT 
DRAWING FOR DETAILS 
NOT CALLED OUT 

BLOCKING 

~ 
~ 

PLAN 

CAVITY WALL 

(B) WOOD FLOOR, JOISTS PARALLEL TO WALL 

FIGURE A-21-6-VARIOUS CONNECTIONS 
OF FLOORS TO BASEMENT WALL8-(Continued) 
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NOTE: HORIZONTAL AND VERTICAL 
REINFORCEMENT TO BE DETERMINED 
BY TABLES A-21-C-1 THROUGH A-21-C-5 

RAFTERS 

2" (51 mm) CONT. BLOCKING f';bs~-------.(' 
(May be flush with wall)_~.,r....:;;; ~ 

EMBED 5" (127 mm) 

BOND BEAM WITH GROUT-FILLED 
CELLS C/CONT. TOP AND 
BOTIOM REINFORCEMENT 

VERT. REIN F. (Fill Cells at 
Rein!. with Grout) 

ROOF WITH OVERHANG 

BOND BEAM OR CHORD REINFORCING 

SHEATHING AND ROOFING 

2" (51 mm) BLOCKING 

ANCHOR BOLTS AS 
REQUIRED FOR WALL 
ANCHORAGE AND 
LATERAL LOADS 

FIGURE A-21-7-VARIOUS DETAILS ASSOCIATED 
WITH TABLE A-21-D (Uplift Resistance) 
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METAL COPING WITH 112 " (13 mm) <1> 

ANCHOR AT 6' (1829 mm) 0 C 

~L..--:1CAP AND BASE FLASHING 

- 6" or 8" (153 mm or 203 mm) 
~ BRICKOR 

METAL TIES AT 
16" (406 mm) 
O.C. TYP. 

HOLLOW-MASONRY 
UNIT, TYP 

WOOD JOIST ROOF COMPOSITE WALL 

NOTE: HORIZONTAL AND VERTICAL 
REINFORCEMENT PER TABLES 
A-21-C-1 THROUGH A-21-C-5 

VERT. REINF. MIN. LAP AS 
(Fill Cells at Reinf. wrth Grout) 

HORIZ. BAR IN GROUT-FILLED 
BOND BEAM 

GROUT FILL ALL CELLS 
BELOW FLOOR 

UNDISTURBED~ 
GROUND SURFACE 

CONT. REINF -

NOTE: SEE OTHER DRAWINGS FOR 
DET. AND DIM. NOT CALLED OUT 

~2" (51 mm) ~L. WITH<I>'/2" (13 mm) 
MIN. BOLT AT 6'0" (1829 mm)O.C. 

12" (305 mm) HOLLOW­
MASONRY UNIT 

HOLLOW-MASONRY UNIT FOUNDATION 
WALL-JOIST PERPENDICULAR 

6" OR 8" (153 mm or 203 mm) CMU OR BRICK MASONRY WALL 
HORIZ. REINF 

2" (51 mm) CONT BLOCKING, BOLT AT 48" (1219 mm) O.C. 
FINISH VARIES 

WOOD STRUCTURAL_ PANEL OR DIAGONAL SUBFLOOR 

FLOOR JOIST WITH STANDARD JOIST ANCHOR 

LEDGER--BOLTS DETERMINED 
BY TABLE A-21-D. PART I 

HOLLOW-MASONRY UNIT FOUNDATION WALL-JOIST PERPENDICULAR-(Continued) 

FIGURE A-21-7-VARIOUS DETAILS ASSOCIATED 
WITH TABLE A-21-D (Uplift Resistance)-(Continued) 
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NOTE: SEE DRAWING 
FOR DET. NOT CALLED OUT 

BOUNDARY 
NAILING OVER 

JOIST ANCHOR AT 4'-0" (1219 mm) O.C 
NAILED INTO BLOCKING (Under 3 Joists) 

END JOIST OR LEDGER BOLTED 
TO WALL 

EXTERIOR WALL-JOIST PARALLEL INTERIOR WALL-JOIST PARALLEL 

~
N S 

CONT. HORIZONTAL BAR IN CTURAL PANEL OR DIAGONAL 
GROUT-FILLED BOND BEAM SUBFLOOR 

GROUT FILL ALL CELLS 
BELOW FLOOR 

+ 
I 

~-~ ,\ --1 
FLOOR JOIST WITH STD. HANGER 

~ ~ BY TABLE A-21-D, PART I 

UNDISTURBED GROUND SURFACE....-----~ 

·r- LEDGER-BOLTS DETERMINED 

' 0 
"'""~ N!:£_ 
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CONT. REINF. 

SEE TABLE A-21-A-1 ~
~ 
E 

"'"" ~ - I ~ 
I < I -

HOLLOW-MASONRY UNIT FOUNDATION 
WALL-JOIST PERPENDICULAR 

FIGURE A-21-7-VARIOUS DETAILS ASSOCIATED 
WITH TABLE A-21-D (Uplift Resistance)-(Continued) 
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6" or 8" (153 mm or 203 mm) 
BRIDGE OR HOLLOW-MASONRY 
UNIT. TYP. 

METAL WALL TIES 
FINISH VARIES 

WOOD FLOOR ON WOOD JOISTS 
3" (76 mm) MIN. BEARING 

SOLID MASONRY UNIT 

WOOD FLOOR 

VERT. REINF. 
(Fill Cells 
at Rein!. 
with Grout)~CMU OR BRICK MASONRY WALL 

DIRECT NAIL TO LEDGER 

BONDBEAM~J 
REINF 

FLOOR JOIST WITH STD. HANGER 
LEDGER WITH BOLTS (Use same 
depth as JOists) 

EXTERIOR WALL­
JOIST PERPENDICULAR 

- .. 

1\ 

(la1 
~ 
~ 

INTERIOR WALL­
JOIST PERPENDICULAR 

FIGURE A-21·7-VARIOUS DETAILS ASSOCIATED 
WITH TABLE A-21-D (Uplift Resistance)-(Continued) 
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BOND BEAM OR CHORD STEEL 

BLOCKING BETWEEN JOISTS 

JOISTS ANCHOR AS PER FIGURE A-21-8 

1994 UNIFORM BUILDING CODE 

""" FLOOR JOIST 

BLOCKING BETWEEN JOISTS 

LEDGER WITH ANCHOR BOLTS TO 
SUPPORT VERTICAL FLOOR LOADS. 
SEE TABLE A-2' -0. 

BOND BEAM OR CHORD 
STEEL AS REQUIRED 

END JOIST SECURED TO WALL WITH 
ANCHOR BOLTS 

FIGURE A-21-7-VARIOUS DETAILS ASSOCIATED 
WITH TABLE A-21-D (Uplift Resistance)-(Continued) 
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EDGE OR BOUNDARY 

NAIL SPACING ' f'~~~~=::~::t:=::....... 2-INCH (51 mm) x BLOCKING ' SHEET METAL ANCHOR 
TOENAILED TO STRAPS (see Table A-21-D) 
TOP PLATE 

TYPICAL HOLLOW­
MASONRY UNIT OR 
BRICK WALL REINFORCING 
(see Tables A-21-C-1 throuoh 
A-21-C-5) 

1 NO.4 CONTINUOUS AT LAP COURSE 
CONTINUOUS LEDGER 

AT 48" (1219 mm) O.C 

\

SHEET METAL 
ANCHOR STRAP 

v-~--1 ... l...illp<----11 . 
:t>1'}{~~LEDGER BO~see Table A-21-D) 

·~( 
/~ r ' t>HK1 r 1 tAll -sHEET METAL 

ANCHOR STRAP 
AT 48" (1219 mm) O.C. 

30-BAR 
DIAMETER LAP-

Q 
z 

~~~ 
N ~ 

3" (76 mm) CLEAR 

FIGURE A-21-8-CONTINUOUS LOAD PATH 
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FILL ALL CELLS WITH GROUT 

REINFORCEMENT 

NO.3 TIES AT 16" (406 mm) O.C 

E[~:,.~,: 'roE · '·'• 
R:~ ···!, 

~~ 
7 Ia 

(194mm) 

SECTION 

[N M~ E 
~ E 
'roN 0 
U1 C( 0 
~0 ~ 

?s;8" 

1'--1 
(194 mm) 

SECTION 

2-1276 

STD. 8" x 8 · x 16'' (203 mm x 203 mm x 406 mm) 
UNITS WITH WEB CUTOUTS 

LINTEL OR BONO BEAM UNITS 

PLACE METAL LATH OR HEAVY WATERPROOF PAPER 
OVER CORES OF BEARING UNITS TO RETAIN CONCRETE 

""--TWO NO.4 EACH SIDE OF OPENING. EXTEND 24" (610 mm) 
BEYOND OPENING OR HOOK OVER BOND BEAM BARS11 

REINFORCING DETAILS 

24" (610 mm) MINIMUM 

ELEVATION 

TWO NO. 4, TYPICAL 

I[m·-~·:: 1'- ~ - :..~::·· .... 
~~ E :-.: 
""- M E . : 
::: N 0 .· . 
..._roC( 0 ' • ·; 
TI-:,o ~ '·· 

I· 75/s"•l 

·:194mm: 

SECTION 

WITHOUT STIRRUPS 

V..V/.1 MIN 
SPAN ,j 75Ja'~ BEARING 

• (194 mm) 

ELEVATION 

STD. 8" x 8" x 16' 1203 mm x 203 mm x 406 mm) 
UNIT (2 or 3 core) 
NO.3 TIES SPACE PER THE TABLE 
WHEN REQUIRED 

LINTEL OR BOND BEAM UNIT 

TWO NO. 4 EACH SIDE OF OPENING WITH 
, STANDARD HOOK IF 24" (610 mm) NOT AVAILABLE1 1 

SPAN •I• MIN. 
75;

8
,"1 BEARING 

ELEVATION 
(194mm) 

WITH STIRRUPS 

FIGURE A-21-8-CONTINUOUS LOAD PATH--(Continued) 
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b = DISTANCE BETWEEN 
BEARING WALLS [32 feet 
(9754 mm) maximuml 

r 
20%"b"MIN. 

20%"L"MIN. 

APPENDIX CHAPTER 21 

ADD CROSS WALLS THIS 
DIRECTION WHEN L EXCEEDS 
64 FEET (19 507 mm). NO MODULE 
SHALL EXCEED 32' x 64' 
(9754 mm x 19 507 mm) 

64' (19 507 mm) 
MAX. MINIMUM CROSS SHEAR 

[!:1. I WALL LENGTH 40% "L" 

--

IN ALL CASES THE 
MINIMUM WALL 
SEGMENT FOR 
RESISTING LATERAL 
LOADS IS 4· -0" (1219 mm) 

L = LENGTH BETWEEN SHEAR WALLS 

FIGURE A-21-9-SPACING AND LENGTHS OF SHEAR WALLS 

SINGLE-WYTHE WALLS 

1 NO. 5 BAR EACH END, 
TYPICAL WHERE REQUIRED 
BY FOOTNOTE 6 

CAVITY WALLS 
CORNERS AND TEES 

30" 
r-1765 mm)-; 

TIUU I I 
E 

c,E 

"'"' (!) 

1 
CORNER (All Sizes 
and Combinations) 

TEE (All Sizes and 

Jl
Combinations) 

1--30''--J 
:765 mm) 

FIGURE A-21-10-SPACING OF STEEL REINFORCING WIRE 
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BOND BEAM OR CHORD REINFORCING 

2-1278 

(a) FLOOR JOISTS PERPENDICULAR TO WALL JOIST HANGER SUPPORTS 

VERTICAL 
~STEEL 

DIAPHRAGM SHEATHING 

JOIST 

JOIST ANCHOR AT 4 (1219 MM) O.C. 
MAXIMUM NAILED TO BLOCKING 
WITH 16d NAILS TO SECURE 
DIAPHRAGM TO WALL 

(b) FLOOR JOISTS PARALLEL TO WALL 

1---;--,--,.__ JOIST ANCHOR AT 4' (1219 mm) 0 C. 
MAX. TIE WALL fO JOISTS 

(c) WOOD LEDGER FLOOR JOIST SUPPORT 

JOINT REINFORCING 

JOIST ANCHOR AT 4' (1219 mm) O.C. MAX. 
NAILED OR BOLTED TO JOIST 

BLOCKING AND SHEAR BOLT 

(d) STEEL LEDGER FLOOR JOIST SUPPORT 

FIGURE A-21-11-FLOOR-TO-WALL CONNECTION DETAILS 
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~ CAP 

~ ' FLASH UP PARAPET AND OVERCAP 
,----CANT 

BOUNDARY NAILING,--!111-t.JIII - DIAGONAL SHEA fHING OR WOOD STRUCTURAL PANEL 
!!!d:~~~~ 

VERTICAL WA~ STANDARD JOIST ANCHORS AT 48" (1219 mm) O.C. MAX. 

AND PARAPETU_ SOLID BLOCK-SHEAR BOLTING 
BARS OVERLAP 
30 DIAMETERS PLATE 2" x 4'' - 1/ 2 " (51 mm x 102 mm -13 mm) 

BOLT AT 6" (1829 mm) O.C. MAX. 
MINIMUM 3;4· (19 mm) MORTAR BED 

f'-'-----REINFORCING BARS CONTINUOUS 

>---CEILING JOISTS 

SOLID BLOCKING FOR CEILING JOISTS 
~----- 2'' x 6"- 112" (51 mm x 153 mm -13 mm) 

BOLTAT4'-0' (12"9mmlOC. 

(a) EXTERIOR WALL SUPPORT 

TWO ROWS OF 
BOUNDARY NAILING 

jssifssssssssssssssssj SOLID BLOCK 

)
-·m]-:;.KJ l"-- HoLD-DowN sTRAP ~: ; 48" (1219 mm) O.C. OR OTHER 

'" '- APPROVED ANCHORAGE 
O:f' AS REQUIRED BY 

TOENAILING i.i=~· ; TABLE A-21-D 

EQUIVALENT ' -· L 2" (51 mm) PlATE AND BOLT 
TO BOUNDARY 
NAILING , HORIZONTAL BARS 

CONTINUOUS-BOTTOM 
BARS MAY ALSO SERVE 
AS LINTEL BJI.RS 

(b) INTERIOR WALL SUPPORT BOND-BEAM SUPPORTS 

FIGURE A-21-12-ROOF-TO-WALL CONNECTION DETAILS 
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VERTICAL 
REINFORCEMENT 
SEE TABLES A-21-C-1 
THROUGH A-21-C-5. 

BEARING WALL 

GROUTED BEARING COURSE/ 

1994 UNIFORM BUILDING CODE 

MORTAR BED 
TO LEVEL 
BLOCK COURSE 

l TOPPING IF REQUIRED 

Mit< HC_- _ -,~-~~-l 

SEE TABLE A-21-G 
REINFORCEMENT GROUTED IN SLAB KEYWAY 
\. 

BEARING STRIP 

(a) SLAB PERPENDICULAR TO WALL 

REINFORCEMENT 
-MORTAR BED TO LEVEL r 7~TI GROUTED INTO 

BLOCK COURSE rr-~ BROKEN CORE 

FLOOR 

OR ROOF -.....,.f/ lJ::::.=..-_· . . j GROUT AT-----<""" Lw-~/+/~·dmr==---
BARS "-v! // I 

SOLID 
BEARING 
COURSE 

BEARING STRIP 

HOOKED BAR 
IN WALL NO.4 

(b) ALTERNATE CONNECTION 
PERPENDICULAR TO WALL 

r_L~l 

(c) SLAB PARALLEL WITH WALL 

FIGURE A-21-13-VARIOUS TYPES OF WALL CONNECTIONS 
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WALLS 
\,.. 

I If t+ 
A 

APPENDIX CHAPTER 21 

THIS JOINT REQUIRED DESIGN 
[May require weld plates)) 

GROUTED SHEAR KEYS~/ 

~) () Q () ~:_) 0 0 i 0 0 J 
HOLLOW-CORE PRECAST PANELS~) 

SECTION A-A 

(d) PLAN VIEW OF FLOOR OR ROOF AND CROSS SECTION THROUGH PLANKS 

8" (203 mm) 
CMU 1;.'1/t N0.4 

E 
E 

"' 3' 0" 

~ ~ mm) SECOND 0

j LEVEL 
"' FINISH 

FLOOR 

(Note: Topping to be reinforced.) 

(e) ALTERNATE PLANK PARALLEL 
WITH WALL WITH TOPPING 

HOLLOW-MASONRY 
UNIT OR BRICK WALL 

/ VERTICAL REINFORCEMENT 
(Fill Cells at Reinforcement with Grout) 

ljORIZONTAL REINFORCEMENT 
NO.4 DOWELS x 6'-0" (1829 mm) 

/AS REQUIRED IN TABLE A-21-G 

, CONCRETE TOPPING ON PRECAST 
HOLLOW-CORE SLAB 

" ---·--·--

-:-----i 
BOND BEAM WITH GROUT-FILLED 
CELLS 

(f) ALTERNATE WITH TOPPING 

SEE ADJACENT DRAWING FOR DETAILS 
NOT CALLED OUT 

(g) INTERIOR WALL MINIMUM CONNECTION 

FIGURE A-21-13-VARIOUS TYPES OF WALL 
CONNECTION8--{Continued) 
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4" (102 mm) 
BENT I( 0.114 INCH (2.90 mm) (NO. 11 GALVANIZED SHEET GAGE) x C: 

4" (102 mm) 

JOIST SPACE 

FULL LENGTH BETWEEN j 
JOISTS. PROVIDE AT EACH 

5"" (127 mm)t~~~b~:::::~~~~C::::,K:~ 

2'-0'' (610 mm) MAXIMUM 
1

1 OVERHANG, TYPICAL 

(a) 

3;4 "' <1> x 8" (19 mm <1> x 203 mm) 
A.B. AT 24" (610 mm) 12" (305 mm) MAX. 
END DISTANCE (Min. of 2 bolts per 
lOIS! space) 

'""'' 
14 , n) , 

I( 112" X 6" X 1 '-2" 
(13 mm x 153 mm x 356 mm) 

2'-3/4" <1> x 10" (610 mm-19 mm x 254 mm) A.B. 
AT 0.1141NCH (2.90 mm) (NO. 11 GALVANIZED 
SHEET GAGE) ON 3J.!" (19 mm) DRY PACK 

(b) ALTERNATE 

FIGURE A-21-14-EXTERIOR WALL DETAILS 
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I( Sfs" x 8" (16 mm x 203 mm) 
LENGTH OF I( EQUAL TO 
JOIST BEARING WIDTH 
PLUS 6" (152 mm) ON 1112 ' 

(38 mm) DAYPACK 

3112" (89 mm) JOIST END DEPTH 

I( 1/4 " x 6" (6.5 mm x 153 mm) 
1;2" <1> x 12'' (13 mm <1J x 305 mm) 
WELDED ANCHORS AT 
24" (610 mm) O.C. 

"--- · STEEL JOIST 

METAL DECKING 

TOPOFWALL I 

ELEV. VARIES r=== )::r:;;; '"iiF r 
WITH ROOF SLOPE 

.--- STEEL JOISTS 

IN BOND BEAM 

FIGURE A-21-15-INTERIOR WALL DETAILS 
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0/15" (4.8 mm) 

CONTINUOUS 
BOND BEAM. SEE 
TABLE A-21-F 
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4" (1 02 mm) WIDE BRNG. I( WITH 
2%" <1> x 1 0" (70 mm q> x 254 mm) A.B. 
AT71/2" (191 mm) MIN. GAGE 
[6" (153 mm) MIN. EMBED.] LENGTH 
OF I( EQUAL TO JOIST BRNG. WIDTH 
+ 6" (153 mm) THICKNESS OF I( EQUALS 
'12'' (13 mm) FOR JOISTS 16" (406 mm) D OR LESS 
s;8" (16 mm) FOR JOISTS 18" (457 mm) D OR MORE. 
CENTER AT WALl 

WALL REINFORCEMENT. 
TYPICAL 

NOTE: 
BASE lr TO BE SET OVER 
FULLY GROUTED MASONRY 
COURSE FOR FULL 100 PERCENT 
BEARING AT BOTTOM 
SIDE OF PLATE. 

FIGURE A-21-16-FLOOR DETAILS 
(Design Required for Joists and Wall) 
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0.047" 
(1.19mm) 
(N0.18 
GALVANIZED 
SHEET GAGE) 
ANGLE CLIP 

2" X 4" OR 3" X 4"' 
(51 mm x 102 mm 
or 76 mm x 102 
BRACE. (See Table 
A-21-1.) 

13LOCK• 

TWO 16d EACH END 

ANGLE CLIP AS REQUIRED5 

USE TWO BRACES-ONE EACH SIDE 
OF BLOCKING WHEN REQUIRED. SEE 
FOOTNOTE NO. 4. 

3;4" DIAMETER x 10" (19 mm diameter x 254 mm) ANCHOR BOLT 
IN 3 x PLATE AT 24" (61 0 mm) O.C. FOR ALL SPEEDS AND EXPOSURES 
EXCEPT THAT FOR 110 MPH (177 km/11) EXPOSURE D. IT SHALL BE 18" 
(457 mm) O.C. AND FOR 80 MPH AND '10 MPH (129 krn/h and 145 kmih) 
EXPOSURE B. IT MAY BE 36" (914 rnm 0 C 

1 For roof slopes up to 5 units vertical in 12 units horizontal (42%); see Table A-21-1. 
2See Detail 2, Table A-21-B, for size of angle clip. 
3Angle clip one side or both sides as required by Table A-21-1. 
4Use six 16d nails to fasten brace to block, except use two braces and six 16d nails each for 110 miles per 

hour (mph) (177 km/h), Exposure D. Place on brace on each side block. 
5Add angle clip each end of block for 90 mph (145 km/h), Exposure D. and 1 00 and 110 mph (161 and 177 

km/h) for Exposures C and D. 
6Use 2-inch x 6-inch (51 mm x 153 mm) block with 2-inch (51 mm) x brace. 2-inch x 8-inch (51 mm x 

203 mm) block with 3-inch x (76 mm) brace. 

FIGURE A-21-17-DIAGONAL BRACING OF GABLE-END WALL1 
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16d AT 9" 
(229 mm) O.C. 

TWO ANGLE CLIPS 
ONE EACH SIDE 

6' 0" 
(1829 mm) 
MIN. 

ANCHOR 
BOLT AS PER 
FIGURE A-21-17 

EXTERIOR MASONRY 
END WALL 

2 (51 mm) x VERTICAL LEG OF 'T' 
BLOCKING SAME DEPTH AS 
CEILING JOIST 

DETAIL A-A 

1994 UNIFORM BUILDING CODE 

2 (51 mm) x BLOCKING AT 
3' 0" (914 mm) AND 
2' 0" (51 mm) O.C. AS 
REQUIRED BELOW 

2 x 4 (51 mm x 102 mm) 
MIN. 'T" CONTINUOUS 

TWO 16d 
EACH END 

NOTE: This detail may be used for flat roofs, also, except use full height blocking connected to roof sheath­
ing in lieu of "T" 

2x 4 (51 mm x 102 mm) "T" at 36 inches (914 mm) on center-90 miles per hour (mph) (145 km/h) Expo­
sure C and less, and 100 mph and 110 mph (161 km/h and 177 km/h), Exposure B. 

2 x 4 (51 mm x 102 mm) "T" at 24 inches (610 mm) on center-required for 90 mph (145 mm) Exposure 
D, 100 mph and 110 mph (161 km/h and 177 km/h) Exposures C and D 

See Figure A-21-4 for details of clip angle and connections. 
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FIGURE A-21-18-ALTERNATE HORIZONTAL 
BRACING OF GABLE-END WALL 
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Appendix Chapter 23 
CONVENTIONAL LIGHT-FRAME CONSTRUCTION 

IN HIGH-WIND AREAS 

SECTION 2365- GENERAL 

2365.1 Purpose. The provisions of this chapter are intended to promote public safety and welfare 
hy reducing the risk of wind-induced damages to conventional light-frame construction. 

2365.2 Scope. This chapter applies to regular-shaped buildings which have roof structural mem­
bers spanning 32 feet (9.75 mm) or less, are not more than three stories in height, are of conventional 
light-frame construction and arc located in areas with a basic wind speed from 80 through 110 miles 
per hour (mph) ( 129 km/h through 177 km/h). 

EXCEPTION: Detached carports and garages not exceeding 600 square feet (55.7 m2) and accessory to 
Group R, Division 3 Occupancies need only comply with the roof-member-to-wall-tie requirements of Section 
2365.5.X. 

2365.3 Definitions. For the purpose of this chapter, certain terms are defined as follows: 

CORROSION RESISTANT or NONCORROSIVE is material having a corrosion resistance 
equal to or greater than a hot-dipped galvanized coating of 1.5 ounces of zinc per square foot 
(4 g/m2) of surface area. 

2365.4 General. The requirements of Section 2326 are applicable except as specifically modified 
by this chapter. Other methods may be used, provided a satisfactory design is submitted showing 
compliance with the provisions of Section 1611 and other applicable portions of this code. 

In addition to the other provisions of this chapter, foundations for buildings in areas subject to 
wave action or tidal surge shall be designed in accordance with approved national standards. 

When an clement is required to be corrosion resistant or noncorrosive, all of its parts, such as 
screws, nails, wire, dowels, bolts, nuts, washers, shims, anchors, ties and attachments, shall also be 
corrosion resistant or noncorrosive. 

2365.5 Complete Load Path and Uplift Ties. 

2365.5.1 General. Blocking, bridging, straps, approved framing anchors or mechanical fasteners 
shall be installed to provide continuous ties from the roof to the foundation system. (See Figure 
A-23-1.) 

Tic straps shall be 11/s-inch (28.6 mm) by 0.036-inch (0.91 mm) (No. 20 gage) sheet steel and 
shall be corrosion resistant as herein specified. All metal connectors and fasteners used in exposed 
locations or in areas otherwise subject to corrosion shall be of corrosion-resistant or noncorrosive 
material. 

2365.5.2 Walls-to-foundation tie. Exterior walls shall be tied to a continuous foundation, or an 
elevated foundation system in accordance with Section 2365.10. 

2365.5.3 Sills and foundation tie. Foundation plates resting on concrete or masonry foundations 
shall be bolted to the foundation with not less than 1/2-inch-diameter (13 mm) anchor bolts with 
7-inch-minimum ( 178 mm) embedment into the foundation. In areas where the basic wind speed is 
90 mph ( 145 kmlh) or greater, the maximum spacing of anchor bolts shall be 4 feet ( 1219 mm) on 
center. Structures located where the basic wind speed is less than 90 mph (145 km/h) may have an­
chor bolts spaced not more than 6 feet (1829 mm) on center. 

2365.5.4 Floor-to-foundation tie. The lowest-level exterior wall studs shall be connected to the 
foundation sill plate or an approved elevated foundation system with bent tic straps spaced not more 
than 48 inches ( 1219 mm) on center. Tie straps shall be nailed and installed in accordance with 
Table A-23-B and Figure A-23-1. 
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2365.5.5 Wall framing details. The spacing of 2-inch by 4-inch studs (51 mm by 102 mm) in ex­
terior walls shall not exceed 16 inches (406 mm) on center for areas with a basic wind speed of90 
mph ( 145 km/h) or greater. 

Mechanical fasteners complying with this chapter shall be installed as required to connect studs 
to the sole plates, foundation sill plate and top plates of the wall. 

Interior main cross-stud partitions shall be installed approximately perpendicular to the exterior 
wall when the length of the structure exceeds the width. The maximum distance between these par­
titions shall not exceed the width of the structure. Interior main cross-stud partition walls shall be 
securely fastened to exterior walls at the point of intersection with fasteners as required by Table 
23-1-Q. The main cross-stud partitions shall be covered on both sides by materials as described in 
Section 2365.5.6. 

2365.5.6 Wall sheathing. All exterior walls and required interior main cross-stud partitions shall 
be sheathed in accordance with Table A-23-A. The total width of sheathed wall elements shall not 
be less than 50 percent of the exterior wall length or 60 percent of the width of the building for re­
quired interior main cross-stud partitions. The exterior wall sheathing or covering shall extend from 
the foundation sill plate or girder to the top plates at the roof level and shall be adequately attached 
thereto. 

A sheathed wall clement not less than 4 feet ( 1219 mm) in width shall be installed at each corner 
or as ncar thereto as possible. There shall not be less than one 4-foot (I 219 mm) sheathed wall ele­
ment for every 20 feet (6096 mm) or fraction thereof of wall length. The height-to-length ratio of 
required sheathed wall elements shall not exceed 3 for wood structural panel or particleboard and 
11/2 (38 mm) for other sheathing materials listed in Table A-23-A. 

2365.5.7 Floor-to-floor tie. Upper-level exterior wall studs shall be aligned and connected to the 
wall studs below with a tie strap as required by Table A-23-B. 

2365.5.8 Roof-members-to-wall tie. Tic straps shall be provided from the side of the roof-fram­
ing member to the exterior studs, posts or other supporting members below the roof. The wall studs 
to which the roof-framing members are tied shall be aligned with the roof-framing member and be 
connected in accordance with Table A-23-B. 

The eave overhang shall not exceed 3 feet (914 mm) unless an analysis is provided showing that 
the required resistance is provided to prevent uplift. 

Where openings exceed 6 feet ( 1829 mm) in width, the required tic straps shall be doubled at each 
edge of the opening and connected to a doubled full-height wall stud. When openings exceed 12 feet 
(3658 mm) in width, tics designed to prevent uplift shall be provided. 

EXCEPTION: The opening width may be increased to 16 feet (4877 mm) for garages and carports acces­
sory to Group R. Division 3 Occupancies when constructed in accordance with the following: 

I. Approved column bases shalt be a minimum 3ft6·inch (4.8 mm) steel plate embedded not less than 
8 inches (203 mm) into the concrete footing and connected to a minimum 4-inch by 4-inch (I 02 mm 
by 102 mm) wood post with two 5fs-inch-diameter (15.9 rnm) through bolts. 

2. Beams over openings shalt be connected to minimum 4-inch by 4-inch (I 02 mm by I 02 mm) wood 
posts below with an approved 3/16-inch (4.8 mm) steel post cap with two 5/g-inch-diamcter ( 15.9 mm) 
through bolts to the posts and to the beams. 

2365.5.9 Ridge ties. Opposing rafters shall be aligned at the ridge and be connected at the rafters 
with a tic strap in accordance with Table A-23-C. 

2365.6 Masonry Veneer. Anchor ties shall be spaced so as to support not more than 1113 square 
feet (860 mm2) of wall area but not more than 12 inches (305 mm) on center vertically. The materi­
als and connection details shall comply with Chapter 14. 

2365.7 Roof Sheathing. Solid roof sheathing shall be applied and shall consist of a minimum 
l-inch-thick (25 mm) nominal lumber applied diagonally or a minimum 15/32-inch-thick 
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( 11.9 mm) wood structural panel or particleboard or other approved sheathing applied with the long I 
dimension perpendicular to supporting rafters. Sheathing shall be nailed to roof framing in an ap­
proved manner. The end joints of wood structural panels or particleboard shall be staggered and 
shall occur over blocking, rafters or other supports. 

2365.8 Gable-end Walls. The roof overhang at gabled ends shall not exceed 2 feet (61 0 mm) un­
less an analysis showing that the required resistance to prevent uplift is provided. 

Gable-end wall studs shall be continuous between points of lateral support which are perpendicu­
lar to the plane of the wall. 

Gable-end wall studs shall be attached with approved mechanical fasteners at the top and bottom. 

2365.9 Roof Covering. Roof coverings shall be approved and shall be installed and fastened in 
accordance with Chapter 15 and with the manufacturer's instructions. In areas with basic wind 
speeds of 90 mph (145 kmlh) or greater strip asphalt shingles shall be fastened with a minimum of 
six fasteners and hand scaled. 

2365.10 Elevated Foundation. 

2365.10.1 General. When approved, elevated foundations supporting not more than one story 
and meeting the provisions of this section may be used. A foundation investigation may be required 
by the building official. 

2365.10.2 Material. All exposed wood-framing members shall be treated wood. All metal con­
nectors and fasteners used in exposed locations shall be corrosion-resistant or noncorrosive steel. 

2365.10.3 Wood piles. The spacing of wood piles shall not exceed 8 feet (2438 mm) on center. 
Square piles shall not be less than I 0 inches (254 mm) and tapered piles shall have a tip of not less 
than 8 inches (203 mm). Ten-inch-square (64 516 mm2) piles shall have a minimum embedment 
length of I 0 feet (3048 mm) and shall project not more than 8 feet (2438 mm) above undisturbed 
ground surface. Eight-inch (203 mm) taper piles shall have a minimum embedment length of 14 
feet (4267 mm) and shall project not more than 7 feet (2134 mm) above undisturbed ground surface. 

2365.10.4 Girders. Floor girders shall be solid sawn timber, built-up 2-inch-thick (51 mm) lum­
ber or trusses. Splices shall occur over wood piles. The tloor girders shall span in the direction paral­
lel to the potential tloodwater and wave action. 

2365.10.5 Connections. Wood piles may be notched to provide a shelf for supporting the tloor 
girders. The total notching shall not exceed 50 percent of the pile cross section. Approved bolted 
connections with 1/4-inch (6.4 mm) corrosion-resistant or noncorrosive steel plates and 3/4-inch­
diamcter ( 19 mm) bolts shall be provided. Each end of the girder shall be connected to the piles 
using a minimum of two 3/4-inch-diameter ( 19 mm) bolts. 
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TABLE A-23-A-WALL SHEATHING AT EXTERIOR WALLS AND 
INTERIOR MAIN CROSS-STUD PARTITIONS1 

BASIC WIND SPEED (mph) EXPOSURE 

x 1.61 for km/h STORIES LEVEL2 B c 
80 I A A 

2 2 A A 
I c D 

3 3 A A 
2 c D 
I c D 

90 I A B 

2 2 A B 
I c D 

3 3 A B 
2 c D 
I D E 

100 I A c 
2 2 A c 

I c D 

3 3 A Not 
2 c permitted 
I D 

110 I B c 
2 2 B c 

I D E 

D 

B 

B 
D 

B 
D 
E 

B 

B 
D 

Not 
permitted 

c 
c 
E 

Not 
permitted 

c 
c 
E 

I Sheathing types: exterior walls with sheathing at one face, interior main cross-stud partitions with sheathing at each 
face. The values for sheathing are listed in order of increased capacity. Sheathing with a capacity greater than re­
quired may be substituted for the sheathing listed. Particleboard sheathing in accordance with Table 23-1-N-2 may 
be substituted for sheathing Types A and B. 

A.One-half-inch (12.7 mm) gypsum board or gypsum sheathing with 5d cooler nails at 7 inches (178 mm) or 
3/s-inch (9.5 mm) gypsum lath and 1/z-inch (13 mm) plaster. 

B. One-half-inch ( 12.7 mm) gypsum board or gypsum sheathing with Sd cooler nails at 4 inches (I 02 mm). 
C. Expanded metal lath and 7/s-inch (22 mm) portland cement plaster. 

I D. Three-eighths-inch (9.5 mm) wood structural panel or particleboard sheathing with 8d nails at 6 inches ( 153 mm) 
all edges and 12 inches (305 mm) intermediate. 

E. Three-eighths-inch (9.5 mm) plywood or particleboard sheathing with 8d nails at 4 inches (102 mm) all edges 
and 12 inches (305 mm) intermediate. 

The application of these sheathing materials shall comply with Section 2513.5 and Table 25-1 for Types A, B 
and C, and Section 2314.1 and Table 23-1-K-1 or 23-1-K-2 for Types D and E. All panel edges of Types D and 
E shall be backed with 2-inch (51 mm) nominal or wider framing. 

2Level refers to the space between the upper surface of any floor and upper surface of floor next above. The topmost 
level shall be the space between upper surface of the topmost floor and the ceiling or roof above. Wall sheathing 
at useable or unused under-floor space shall be provided as required for the level directly above. 
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TABLE A-23-B-ROOF AND FLOOR ANCHORAGE AT EXTERIOR WALLS 
NUMBER OF NAILS2 

BASIC WIND SPEED (mph) Exposure 

x 1.61 for kmlh LOCATION1 B c D 

80 roof to wall 6-8d 8-8d 8-IOd 
floor to floor - 4-IOd 6-IOd 
floor to foundation - 4-IOd 4-IOd 

90 roof to wall 8-8d 8-IOd 10-IOd 
floor lo floor - 6-IOd 8-IOd 
floor to foundation - 4-IOd 6-IOd 

100 roof to wall 8-IOd 10-IOd 12-IOd 
floor to floor 6-IOd 8-IOd 10-IOd 
floor to foundation 4-IOd 6-IOd 8-IOd 

110 roof to wall 10-IOd 12-IOd 12-IOd 
floor lo floor 8-IOd 10-IOd 10-IOd 
floor to foundation 6-IOd 8-IOd 8-IOd 

I For floor-to-foundation anchorage, see Section 2365.5.4. 

2Numbcr of common nails listed is total required for each tie strap. The tie straps shall be spaced al 48 inches ( 1219 
nun) on center along the length of the wall. The number of nails on each side of the roof or floor plate joints shall 
be equal. Nails shall be spaced to avoid splitting of the wood. See Figure A-23-1 for illustration of these tie straps. 

TABLE A-23-C-RIDGE TIE-STRAP NAILING1 
NUMBER OF NAILS1 

BASIC WIND SPEED (mph) Exposure 

x 1.61 for kmlh B c D 

80 6-IOd 8-IOd 10-IOd 

90 8-IOd 10-IOd 12-IOd 

100 10-IOd 12-IOd 14-IOd 

ItO 12-IOd 14-IOd 16-IOd 

1 Number of common nails listed is total required for each tie strap. The tic straps shall be spaced al 48 inches ( 1219 
mm) on center along the length of the roof. The number of nails on each side of the rafter/ridge joint shall be equal. 
Nails shall be spaced to avoid splitting of the wood. See Figure A-23-1 for illustration of these tie straps. 
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1/2 REQUIRED 
NAILING LISTED 
IN TABLE A-23-8 

1994 UNIFORM BUILDING CODE 

10d NAIL 
EACH FACE J ~;& z I 
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RAISED 
FOUNDATION 

GIRDER AT 
ELEVATED 

FOUNDATION 

FIGURE A-23-1-COMPLETE LOAD PATH DETAILS 
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BLOCKING AND CEILING 
JOIST, WHERE OCCURS, 
NOT SHOWN FOR CLARITY 

RIDGE 

APPENDIX CHAPTER 23 

1/2 REQUIRED NAILS 
EACH SIDE OF RIDGE. 
SEE TABLE A·23·C. 

ANGLE TIE STRAP AS REQUIRED 
TO MAINTAIN REQUIRED 

. 
• • • 

NAIL SPACING. 

112 REQUIRED NAILS EACH 
SIDE OF ROOF OR FLOOR PLATES. 
TYPICAL. SEE TABLE A-23·8. 

FLOOR TO FLOOR 

2·10d NAIL, EACH SIDE 

NOTE: CORROSION-RESISTANT STEEL TIE 
STRAP 11:8" x 0.036" (29 mm x 0.91 mm) 
0.036 INCH (0.91 mm) (NO. 20 GALVANIZED 
SHEET GAGE) AT 4'·0" (1219 mm) ON CENTER. 
TYPICA:_ 

. 
'. 0 

• • 

SLAB ON GRADE FOUNDATION CRIPPLE WALL 

FIGURE A-23-1-COMPLETE LOAD PATH DETAIL5-(Continued) 

Appendix Chapters 30 through 34 are printed in Volume 1 
of the Uniform Building Code 
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