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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 at the 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, anew
chapter was added or a change was minor. Where an entire chapter was revised or anew 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

L 1991 U.B.C. Chapter

ADMINISTRATION AND TERMS
1 Administration 1,2,3
2 Definitions and Abbreviations 4
BUILDING PLANNING
Use or Occupancy 5-12

Special Use and Occupancy

18, 39, 40, 48, 56 and part of 6, 7,9, 17, 19

Part of 5 and Section 1717

3
4
5 General Building Limitations
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

11 Accessibility

31

12 Interior Environment

Part of 5 and 12

BUILDING ENVELOPE

13 Energy Conservation

Sectiqn 1715

14 Exterior Wall Coverings

30 and part of 17

15 Roofs and Roof Structures

32, 36 and Section 1719

STRUCTURAL SYSTEMS
16 Structural Forces 23
17 Structural Tests and Inspections 50 and part of 3, 17 and 30
18 Foundations and Retaining Walls 29
STRUCTURAL MATERIALS
19 Concrete 26
20 Lightweight Metals 28
21 Masonry 24
22 Steel 27
23 Wood 25
NONSTRUCTURAL MATERIALS

24 Glass and Glazing 34, 54
25 Gypsum Board and Plaster 47

26 Plastic

52, part of 17 and Section 3007




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

partof 2and 5

STANDARDS

35 Uniform Building Code Standards

60

APPENDIX CHAPTERS

A3 Detention and Correction Facilities; Agricultural
Buildings; Group R, Division 3; and Group R, Division 4
Requirements

10; 11; and 12, Div. I and IT

A4 Barriers for Swimming Pools, Spas and Hot Tubs;
Aviation Control Towers; and Fallout Shelters

7; 12, Div. 1I1; 57

A9 Basement Pipe Inlets 38

All Site Accessibility; and Accessibility for Existing 31
Buildings

Al12 Ventilation; and Sound Transmission Control 5,35

Al3 Energy Conservation in New Building Construction 53

Al5 Reroofing 32

Al6 Snow Load Design; Earthquake Recording
Instrumentation; and Seismic-isolated Structures

23; Div. L IL 111

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
Patio Covers

23, Div. IV; 49; 55

A33 Excavation and Grading

70

A34 Life-safety Requirements for Existing Buildings Other
Than High-rise Buildings; and for Existing High-rise
Buildings

1
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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 Code™ 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 1, 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 1 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 Code™. 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 1 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 1 contains code provisions compatible with the Uniform Building Code, and Volume 2 con-
tains standards referenced from the code provisions.

Uniform Housing Code™. 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 Buildings™. A code compatible with the Uniform Building
Code and the Uniform Housing Code which provides equitable remedies consistent with other laws for the repair, va-
cation or demolition of dangerous buildings.

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

Uniform Administrative Code™. 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™. 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 Conservation™. 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 Code™. 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 Code™. 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 Code™. 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 STequiv-
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 occupangcy.

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™. 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 list the 1994 U.B.C. and U.M.C. section numbers and refer to 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 document 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.
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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-
gation, 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 for those 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 16 learning 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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CHAP. 16, DIV. |

1994 UNIFORM BUILDING CODE 1601-1603.3.2
Volume 2
Chapters 1 through 15 are printed in Volume 1 of the Uniform Euilding 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 bailding 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
constructed to sustain, within the limitations specified in this code, all dead loads 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 portions thereof which are
constructed in accordance with the conventional framing requirements specified iri 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.)
1. Wind design.
1.1 ASCE 7, Chapter 6, Minimum Design Loads for Buildings and Other Structures

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

1.3 ANSI/NAAMM FP1001, 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-
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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 buildings, provided that
their effect on the action of the system is considered and provided for in the design.

1603.3.3 Horizontal torsional moments. Provision shall be made for the increased forces in-
duced on resisting elements of the structural system resulting from torsion due to zccentricity be-
tween the center of application of the lateral forces and the center of rigidity 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, structure 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. standard. When
the design of a building, structure or portion thereof is based on allowable stress or working stress
design, each component shall be designed to resist the most critical effect resulting {rom 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. Dead plus floor live plus roof live (or snow).2
2. Dead plus floor live plus wind? (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

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

2Crane hook loads need not 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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CHAP. 16, DIV. |
1994 UNIFORM BUILDING CODE 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 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 S 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
refueling shall have a floor system designed for a concentrated load of not less than 2,000 pounds
(8.9 kN) acting on an area of 20 square inches (12 900 mm?) without uniform live loads. The condi-
tion of concentrated or uniform live load producing the greater stresses shal| 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 kN/m2). 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 kN/m2).

1604.5 Live Loads Posted. The live loads for which each floor or part thereof of a commercial or
tndustrial building is or has been designed shall have such designed live loads conspicuously 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 cocle, 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. |
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 2!/, feet (762 mm) along the span. The
2,000-pound (8.9 kN) load need not be applied to more than one span simultaneously.

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 stresses 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.

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/m?2) may be reduced for each degree
of pitch over 20 degrees by R; as determined by the following formula:

=3 _1 5-1
R, 40 2 -D
For SI: R, = 3 — 0024
: s 20 )
WHERE:
R, = snow load reduction in pounds per square foot (kN/m2) per degree of pitch over 20 de-
grees.

S = total snow load in pounds per square foot (kN/m?2).
For alternate design procedure see Appendix Chapter 16, Division L.

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 snow, 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/m?), in accordance with the following formula:

R =r@A - 150) 6-1)
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For SI: R = r(A - 13.94) (6%23)

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(1 + D/L) (6-2)
WHERE:
A = area of floor or roof supported by the member, square feet (m2).
D = dead load per square foot (m?) 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 may 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 m?) or more.

15
L=1L,[025+ = (7-1
( r) )

For SI: L= L,,(O.25 + “ﬁ)

VA
WHERE:

Ar = influence area, in square feet (square meters). The influence area A; 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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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 requ.rements 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 kN/m?). The re-
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 requiremants see Appen-
dix Chapter 31, Division L.

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
17540 of the span for walls with brittle finishes and !/12q of the span for walls with flexible finishes.
See Table 16-O 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 WALI.S

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 minimum force of 200
pounds per lineal foot (2.92 N/mm) of wall, whichever is greater. Walls shall be dzsigned 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 reinforced 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
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 macle 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-
fabricated construction.
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Division II—WIND DESIGN

SECTION 1613 — GENERAL

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 shall 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-wicth 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, designed 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 foundations 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.

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 km/h) 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 quadrant of the building
site. Exposure D extends inland from the shoreline !/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 highes! 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 components 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 less 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.

UNENCLOSED STRUCTURE OR STORY is a structure which has 85 percet 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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C. = combined height, exposure and gust factor coefficient as given in Table 16-G.

C, = pressure coefficient for the structure or portion of structure under ccnsideration as given
in Table 16-H.

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

gs = 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 where 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 s to be designed.

SECTION 1618 — DESIGN WIND PRESSURES

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

P = C.C,q.l, (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, Cy, 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-resisting 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, C, 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 C, values from Table 16-H, and shall be applied perpendicular to the surface. For
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outward acting forces the value of C, 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 componznt shall be de-
signed for the more severe of the following loadings:

1. The pressures determined using C, values for elements and components acting over the entire
tributary area of the element.

2. The pressures determined using C, values for local areas at discontinuities such as corners,
ridges and eaves. These local pressures shall be applied over a distance from a discontinuity of 10
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 less in height shall
be designed in accordance with Division II, Chapter 16. However, three fourths of g, but not less
than 10 pounds per square foot (0.48 kN/m2), may be substituted for g, 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 of the occupancy
categories listed in Table 16-K. Table 16-K lists importance factors, I, for each category.

2-10



CHAP. 16, DIV. Il
1994 UNIFORM BUILDING CODE 1624-1625

Division lIl—EARTHQUAKE DESIGN
SECTION 1624 — GENERAL

1624.1 Minimum Seismic Design. Structures and portions thereof shall, as a minimum, be de-
signed and constructed to resist the effects of seismic ground motions as provided 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 imgarted 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 forces 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 transmt 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 resisting 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
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.

HORIZONTAL BRACING SYSTEM is a horizontal truss system that serves the same func-
tion as a diaphragm.

2-11



CHAP. 16, DIV. Il
1625 1994 UNIFORM BUILDING CODE

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.

MOMENT-RESISTING WALL FRAME (MRWF) is a masonry wall frame especially de-
tailed to provide ductile behavior and designed in conformance with Section 2103.2.5.

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 zccordance with
Section 1921.

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

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

PA 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.

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 x is 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, V,, is the summation of design lateral forces above the story under consider-
ation.

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.

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 all vertical grav-
ity loads.

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

2-12



CHAP. 16, DIV. lll

1994 UNIFORM BUILDING CODE 1626

SECTION 1626 — SYMBOLS AND NOTATIONS

The following symbols and notations apply to the provisions of this section:

Ac

A,

LL
Level i

Level n
Level x

Ry

95}

the combined effective area, in square feet (m?2), of the shear walls in the first story of the
structure.

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

the torsional amplification factor at Level x.

numerical coefficient specified in Section 1628.2.1.

numerical coefficient specified in Section 1630 and given in Table 16-O.
numerical coefficient given in Section 1628.2.2.

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

dead load on a structural element.
load due to an earthquake on a structural element.
lateral force applied to Level i, n, or x, respectively.

= lateral forces on a part of the structure.

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

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

acceleration due to gravity.

height in feet (n) above the base to Level i, n, or x, respectively.
importance factor given in Table 16-K.

importance factor specified in Section 1630.2.

live load on a structural element.

level of the structure referred to by the subscript i. “i= 1" designates tne 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 = 1”” designates the first level above the
base.

numerical coefficient given in Tables 16-N and 16-P.
site coefficient for soil characteristics given in Table 16-J.

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.

seismic zone factor given in Table 16-1.
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

1627.1 Basis for Design. The procedures and limitations for the design of structures shall be de-
termined considering zoning, site characteristics, occupancy, configuration, structaral 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 1 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 irregular features
described below.

1627.5.3 Irregular structures.

1. Irregular structures have significant physical discontinuities in configuration or in their lateral
force-resisting systems. Irregular features include, but are not limited to, those described in Tables
16-L and 16-M. Structures in Seismic Zone 1 and in Occupancy Category 4 in Seistnic Zone 2 need
be evaluated only for vertical irregularities of Type 5 (Table 16-L) and horizontal irregularities of
Type 1 (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 imes the story drift
ratio of the story above the structure may be deemed to not have the structural irregularitics of Type | 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 resistance to lat-
eral load primarily by flexural action of members.
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1627.6.5 Dual system. A structural system with the following features:
1. An essentially complete space frame which provides support for gravity 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 portion where both por-
tions of the structure considered separately can be classified as being regular, the average story stif-
fness of the lower portion is at least 10 times the average story stiffness of the upper 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 (R,,/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
Ry, values.

1627.9.3 Irregular features. All structures having irregular features described in 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 cf 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/m?2) shall be included.

3. Design snow loads of 30 pounds per square foot (psf) (1.44 kN/m?) or less need not be in-
cluded. Where design snow loads exceed 30 psf (1.44 kN/m?) 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 | be determined
from the following formula:

V= ZR’C w (28-1)
1.
c = —% (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 (R,,/8) the minimum
value of the ratio C/R,, 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 7 may be approximated from the: following formula:
T = C (h)* (28-3)

WHERE:
G 0.035 (0.0853) for steel moment-resisting frames.

G 0.030 (0.0731) for reinforced concrete moment-resisting frames and eccentrically braced
frames.

C, = 0.020 (0.0488) for all other buildings.

Alternatively, the value of C, for structures with concrete or masonry shear wvalls may be taken as
0.1//A. (For SI: 0.0743/ /A, for A, inm?).
The value of A, shall be determined from the following formula:

A, = ZA,[02 + (D./hy)?] (28-4)

The value of D,/h, used in Formula (28-4) shall not exceed 0.9.

2. Method B: The fundamental period T may be calculated using the struc: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 = 2x (Z w,-é,»z) + (g if.-é.-) (28-5)

i=1

The values of f; 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, 9;, shall be calculated using the applied lateral forces, f;. The value of T from Method B shall
not be over 30 percent greater than the value of T obtained from Method A in Szismic 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 incorporated into the same
structure, the requirements of this subsection shall be satisfied.

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

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 R,, of the lateral-force-resisting systems used,
or

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 R,,.
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2.2 The rigid lower portion shall be designed as a separate structure using the appropriate
value of R,. The reactions from the upper portion shall be those determined from the
analysis of the upper portion amplified by the ratio of the R,, of the upper portion over the
Ry, of the lower portion.

1628.3.3 Combinations along different axes. In Seismic Zones 3 and 4 where  structure has a
bearing wall system in only one direction, the value of R,, used for design in the orthogonal 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 160 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.

1628.3.4 Combinations along the same axes. For other than dual systems, wher2 a combination
of different structural systems is utilized to resist lateral forces in the same direction, the value of R,,
used in that direction shall not be greater than the least value of any of the systems 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.

V=F+ >F (28-6)
i=1

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

F, = 0077V (28-7)

The value of T used for the purpose of calculating F; may be the period that corresponds with the
design base shear as computed using Formula (28-1). F; need not exceed 0.25V and may be consid-
ered as zero where T is 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:

(V - Fr)wxhx

F, =
* 4 28-8
2 wih o
i=1

At each level designated as x, the force F; 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 F, and F; applied at the appropriate levels above the base.

1628.5 Horizontal Distribution of Shear. The design story shear, V, in any stcry is the sum of
the forces F; and F, above that story. V, shall be distributed to the various elements 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.

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.

Diaphragms shall be considered flexible for the purposes of distribution of story shear and tor-
sional moment when the maximum lateral deformation of the diaphragm is more than 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 severe 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 mass 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, A, determined from the
following formula:

2
_ | 6 max
A = [1.2 6avg:| (28-9)
WHERE:
davg = the average of the displacements at the extreme points of the structure at Level x.

Sdmax = the maximum displacement at Level x.

The value of A, 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 (F; and Fy) 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 1oad-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:

1.0DL + 08LL + 3(R./B)E

085DL + 3(R,/8)E

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 limitations:

Chapter 19, Section 1921.4, for concrete, and Chapter 22, Section 2211.5, fcr 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, spzcial 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 resisted 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/R,, 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 exceed 0.03/R,, or
0.004 times the story height.
EXCEPTIONS: 1. 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 safety.

2. There shall be no drift limit in single-story steel-framed structures classified as Groups B, F and § Occu-
pancies or Group H, Division 4 or 5 Occupancies. In Groups B, F and S Occupancies, the 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 drit. 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 lower-
bound ratio for C/R,, of 0.075 of Section 1628.2.1 and the limitations of Section 1628.2.2, Item 2.

1628.9 P A Effects. The resulting member forces and moments and the story drifts induced by P A
effects shall be considered in the evaluation of overall structural frame stability. .° A need not be
considered when the ratio of secondary moment to primary moment does not exceed 0.10; 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 A need
not be considered where the story drift ratio does not exceed 0.02/R,,.

1628.10 Vertical Component. The following requirements apply in Seismic Zores 3 and 4 only.
Horizontal cantilever components shall be designed for a net upward force of 0.5 Z W,.

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, Itzm 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 R, factor for the structure.

5. The vertical component of ground motion may be defined by scaling co:responding 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 structure 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-dimensional 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 structure 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 fcr 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 considered 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 values 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 shzll not be less than 80
percent of that determined from Section 1628 using the period, 7, calculated 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 jproportionately.

1629.5.4 Directional effects. Directional effects for horizontal ground motion snall 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 no 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 BY
STRUCTURES

1630.1 General. Elements of structures and their attachments, permanent nonstructural compo-
nents and their attachments, and the attachments for permanent equipment supported 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.

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

F, = ZI,C,W, (30-1)
The values of Z and Ip shall be the values used for the structure from Tables 1¢-I and 16-K.

The coefficient G, 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 C, for nonrigid 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, ducting and conduit systems which are constructed of ductile materials and con-
nections may use the values of G, from Table 16-O.

The value of C, for elements, components and equipment laterally self-stpported at or below
ground level may be two thirds of the value set forth in Table 16-O. However, 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 ard 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-
tion of the points of attachment to the structure (drift).

1630.5 Alternative Designs. Where an approved national standard or approved 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 design of the items with
the following limitations:

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

2. The force, F,, and the overturning moment used in the design of the nonitructural component
shall not be less than 80 percent of the values that would be obtained using these provisions.

SECTION 1631 — DETAILED SYSTEMS DESIGN REQUIREMENT:3

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 shall 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 systzms 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-resisting 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 greater 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(R,,/8) times the displacements resulting from 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 Formula (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(R,/8) times the calculated elastic story drift
caused by design seismic forces, or 1/, 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 so 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/S 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 frames.

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 masonry 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. Requiremen!s 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 permissible 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:

F,, = n — Wpx GI1-1)

The force Fp, determined from Formula (31-1) need not exceed 0.75 Z I wy,,, but shall not be less
than 0.35 Z I w,.

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 providing lateral supports for
walls or frames of masonry or concrete, shall be calculated using an R,, 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 11531.2.8. 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 ledges 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-

arations shall allow for 3(R,,/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(R,,/8) times the displacement of that structure.

EXCEPTION: Smaller separations or property line setbacks may be permitted when j istified by rational

analyses based on maximum expected ground motions. As a minimum, building separations or property line

setbacks shall not be less than (R,,/8) = 1 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 nonbuilding structures shall provide suffi-
cient strength and ductility, consistent with the provisions specified herein for buildings, 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 items 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 A 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 support 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 structures 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 (1) the structure is less than 50 feet (15 240 mm)
in height and (2) an R, = 4.0 is used for design.

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

V =05ZIW (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 forces calculated using the
procedures in Section 1632 for rigid structures considering the entire weight o 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 ground 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 the following additions
and exceptions:

1. The factor R,, shall be as given in Table 16-P. The ratio C/R,, used for design shall not be less
than 0.4.

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 procecures of Section 1629.
EXCEPTION: For irregular structures assigned to Occupancy Categories 1 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

UN/FORM CONCEN-
LOADT TRATED
(pounds per LOAD
USE OR OCCUPANCY squgre foot) (pounds)
x 0.)479 for x 0.004 48
Category Description k'\/m?2 or kN
1. Access floor systems Office use 50 2,0002
Computer use t00 2,0004
2. Armories 150 0
Assembly areas? and auditoriums | Fixed seating arcas 50 0
and balconies therewith Movable seating and other areas 100 0
Stage areas and enclosed platforms 125 0
4. Cornices and marquees 607 0
5. Exit facilities® 100 06
6. Garages General storage and/or repair 100 7
Private or pleasure-type motor vehicle
storage 50 7
. Hospitals Wards and rooms 40 1,0002
8. Libraries Reading rooms 60 1,0002
Stack rooms 125 1,5002
9. Manufacturing Light 75 2,000%
Heavy 125 3,0002
10.  Offices 50 2,0002
11. Printing plants Press rooms 150 2,5002
Composing and linotype rooms 100 2,0002
12. Residential® Basic floor area 40 06
Exterior balconies 504 0
Decks 40¢ 0
13. Restrooms?
14. Reviewing stands, grandstands,
bleachers, and folding and
telescoping seating 100 0
15.  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 7
18. Storage Light 125
Heavy 250
19.  Stores 100 3,0002
20. Pedestrian bridges and walkways 100

1See Section 1606 for live load reductions.
See Section 1604.3, first paragraph, for area of load application.
3 Assembly areas include such occupancies as dance halls, drill rooms, gymnasiums, playgro inds, 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
due to the increased loads caused by drift buildup or a greater snow design as determinec by the building official.
See Section 1605.4. For special-purpose roofs, see Section 1605.5.
SExit 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.
6Individual stair treads shall be designed to support a 300-pound (1.33 kN) concentrated - 0ad placed in a position
which would cause maximum stress. Stair stringers may be designed for the uniform load set forth in the table.
7See Section 1604.3, second paragraph, for concentrated loads. See Table 16-B for vehicle barriers.
8Residential occupancies include private dwellings, apartments and hotel guest rooms.
Restroom loads shall not be less than the load for the occupancy with which they are associated, but need not exceed
50 pounds per square foot (2.4 kN/m2).
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TABLE 16-B—SPECIAL LOADS!

USE VERTICAL LOAD I LATERAL LOAD
(pounds per squure foot unless
Category Description otherwise noted)
X 0.0479 for kN/m2
1. Construction, public access at Walkway, see Section 3303.6 150
site (live load) Canopy, see Section 3303.7 150
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 104
5. Partitions and interior walls, see
Sec. 1609 (live load) 5
6. Elevators and dumbwaiters (dead
and live loads) 2 X total loads®
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 load® load’
9. Balcony railings and guardrails Exit facilities serving an
occupant load greater than 50 508
Other than exit facilities 208
Components 259
10. Vehicle barriers See Section 311.2.3.5 6,00010
11. Handrails See Footnote 11 | See Footnote 11
12. Storage racks Over 8 feet (2438 mm) high Total loads!? See Table 16-O
13. Fire sprinkler structural support 250 pounds
(1112 N) plus
weight of water- See Table 16-0
filled pipe!3
14. Explosion exposure Hazardous occupancies, see
Section 307.10

"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 of 24 pounds per foot (350 N/m) parallel and 10 pounds per foot (145.9 N/m) perpendicu-
lar 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 upon the ceiling fram-
ing or its supporting structure.

SWhere 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 mocified if substantiat-
ing technical data acceptable to the building official is submitted. Live loads on crane support girders and their con-
nections shall be taken as the maximum crane wheel loads. For pendant-operated traveling crane support girders
and their connections, the impact factors shall be 1.10.

TThis applies in the direction parallel to the runway rails (longitudinal). The factor for forces perpendicular 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 regard for lateral stif-
fness of the structures supporting these rails.

8A 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)

9Intermediate rails, panel fillers and their connections shall be capable of withstanding a load of 25 pounds per square
foot (1.2 kN/m?2) 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.

10A horizontal load in pounds (N} applied at right angles to the vehicle barrier at a height of 13 inches (457 mm) above
the parking surface. The force may be distributed over a 1-foot-square (304.8-milimeter-square) area.

11The 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 the 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 bay 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 LOADS!
METHOD 1 METHOD 2

Tributary Loaded Area In Square Feet for
Any Structural Member

x 0.0929 for m2

Uniform
010200 | 201to600 Over 600 Load?
ounds
Uniform Load (pounds per square foot) (s%u:ra 10":; g::fug! Mg::’mu:_m

flonr tion R

ROOF SLOPE x 0.0479 for KN/m? (percentage) | (percentage)

1. Flat? 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 100% 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

covered4 5 5 5 5 No reductions permitted

5. Greenhouses, lath
houses and
agricultural 10 10 10 10
buildings’

IWhere snow loads occur, the roof structure shall be designed for such loads as determinec. by the building official.
See Section 1605.4. For special-purpose roofs, see Section 1605.5.

28ee 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.

3A 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
flat roofs is in addition to the ponding load required by Section 1605.6.

4As defined in Section 3206.

5See Section 1605.5 for concentrated load requirements for greenhouse roof members.
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TABLE 16-D—MAXIMUM ALLOWABLE DEFLECTION FOR STRUCTURAL MEMBERS!
MEMBER LOADED WITH LIVE LOAD
PLUS CEAD
LOAD (L.L. + K.D.L.)

MEMBER LOADED WITH LIVE LOAD
TYPE OF MEMBER ONLY (L.L.)

Roof member supporting
plaster or floor member L/360 L1240
1Sufficient slope or camber shall be provided for flat roofs in accordance with 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”

WOOoD
Unseasoned Seasoned! REINFORCED CONCRETE? STEEL
1.0 0.5 TI(1+50p") 0
1Seasoned lumber is lumber having a moisture content of less than 16 percent at time of installation 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 12
six months 1.4
three months 1.0

TABLE 16-F—WIND STAGNATION PRESSURE (q;) AT
STANDARD HEIGHT OF 33 FEET (10 058 mm

Basic wind speed (mph)! (X 1.61 for km/h) 70 80 90 100 110 120 130

Pressure g; (psf) (X 0.0479 for kN/m?2) 12.6 16.4 20.8 25.6 31.0 36.9 433
1Wind speed from Section 1615.

TABLE 16-G—COMBINED HEIGHT, EXPOSURE AND GUST FACTOR COEFFICIENT (C,)!

HEIGHT ABOVE AVERAGE LEVEL OF
ADJOINING GROUND (feet)
x 304.8 for mm EXPOSURE D EXPOSURE C 1: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
300 223 2.05 1.63
400 234 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 (C,)

16-H

STRUCTURE OR PART
THERE

OF DESCRIPTION Cq FACTOR
1. Primary frames and Method 1 (Normal force method)
systems Walls:
Windward wall 0.8 inward
Leeward wall 0.5 outward
Roofs!:
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 paralle! to ridge and flat roofs 0.7 outward

Method 2 (Projected area method)

1.3 horizontal any

Parapets walls

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 areal 0.7 upward
2. Elements and Wall elements
components not in areas All structures 1.2 inward
of discontinuity? Enclosed and unenclosed structures 1.2 outward
Partially enclosed structures 1 6 outward

1 3 inward or outward

Roof elements?
Enclosed and unenclosed structures
Slope < 7:12 (58.3%)
Slope 7:12 (58.3%) to 12:12 (100%)

Partially enclosed structures
Slope < 2:12 (16.7%)
Slope 2:12 (16.7%) to 7:12 (58.3%)

Slope > 7:12 (58.3%) to 12:12 (100%)

1 3 outward
1 3 outward or inward

1 7 outward
1 6 outward or
0.8 inward
1 7 outward or inward

3. Elements and Wall corners® 1 5 outward or 1.2
components in areas of inward
discontinuities24: Roof eaves, rakes or ridges without

overhangs®
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%) 1 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 1 4 any direction
solid towers Hexagonal or octagonal I 1 any direction

Round or elliptical 0.8 any direction

5. Open-frame towers’:8 Square and rectangular

Diagonal 40
Normal 36
Triangular 32

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 08

Flat or angular members 13

7. Signs, flagpoles,
lightpoles, minor
structures

1.4 any direction

(Continued)
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FOOTNOTES TO TABLE 16-H

1For one story or the top story of multistory partially enclosed structures, an additional value of 0.5 shall be added
to the outward C,,. The most critical combination shall be used for design. For definition of particlly enclosed struc-
tures, see Section 1614.

ZC,, 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 C,, 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 C;. 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 1,000 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 10 feet (3048 mm) or 0.1 times the least width
of the structure, whichever is smaller.

SDiscontinuities at wall corners 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.

TWind 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.

8Factors for cylindrical elements are two thirds of those for flat or angular elements.

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

0.15 0.20 0.30 0.40

ZONE 1
z 0.075

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

TABLE 16-J—SITE COEFFICIENTS!
DESCRIPTION

TYPE
S

SFACTOR
1.0

A soil profile with either:

(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).

A3 A soil profile with predominantly medium-dense to dense or medium-
stiff to stiff soil conditions, where the soil depth exceeds 200 feet

(60 960 mm).

S3 A soil profile containing more than 20 feet (6096 mm) of soft to

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).

IThe 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 S5 shall b:: 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

16-K

OCCUPANCY
CATEGORY

OCCUPANCY OR FUNCTIONS OF STRUCTURE

SEISMIC
IMPOR-
TANCE

FACTOR, /

SEISMIC

FACTOR, b,

1. Essential
facilities?

Group I, Division | Occupancies having surgery and
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 1
facilities

Tanks or other structures containing housing or
supporting water or other fire-suppression material or
equipment required for the protection of Category 1, 2
or 3 structures

1.25

1.50

2.  Hazardous
facilities

Group H, Divisions 1, 2, 6 and 7 Occupancies and
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 1, 2 or
7 Occupancy

1.25

1.15

A

Special
occupancy
structures?

Group A, Divisions 1, 2 and 2.1 Occupancies
Buildings housing Group E, Divisions 1 and 3
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 ! and 2 Occupancies with 50 or
more resident incapacitated patients, but not included
in Category 1

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 inctuded in
Category 1 or Category 2 above, and required for
continued operation

1.00

1.00

4, Standard
occupancy
structures

All structures housing occupancies or having functions
not listed in Category 1, 2 or 3 and Group U
Occupancy towers

1.00

5. Miscella-
neous
structures

Group U Occupancies except for towers

1.00

1.00

1.00

The limitation of J, for panel connections in Section 1631.2.4 shall be 1.0 for the entire connector.
Structural observation requirements are given in Sections 108, 1701 and 1702.
3For anchorage of machinery and equipment required for life-safety systems the value of 1, shall be taken as 1.5.
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TABLE 16-L—VERTICAL STRUCTURAL IRREGULARITIES

IRREGULARITY TYPE AND DEFINITION

REFERENCE SECTION

. Stiffness irregularity—soft story

A soft story is one in which the lateral stiffness is less than 70 percent of that in
the story above or less than 80 percent of the average stiffness of the three stories
above.

1627.8.3, Item 2

Weight (mass) irregularity

Mass irregularity shall be considered to exist where the effective mass of any
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.

1627.8.3, Item 2

Vertical geometric irregularity

Vertical geometric irregularity shall be considered to exist where the horizontal
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.

1627.8.3, Item 2

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

1628.7

Discontinuity in capacity—weak story

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

1627.9.1

TABLE 16-M—PLAN STRUCTURAL IRREGULARITIES

IRREGULARITY TYPE AND DEFINITION

REFERENCE SECTION

. 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
axis is more than 1.2 times the average of the story drifts of the two ends of the
structure.

1651.2.9, Item 6

Reentrant corners

Plan configurations of a structure and its lateral force-resisting system contain
reentrant corners, where both projections of the structure beyond a reentrant
corner are greater than 15 percent of the plan dimension of the structure in the
given direction.

1631.2.9,
Itzms 6 and 7

. Diaphragm discontinuity

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

1631.2.9,
Item 6

Out-of-plane offsets
Discontinuities in a lateral force path, such as out-of-plane offsets of the vertical
elements.

1628.7;
1621.2.9, Item 6,
2211.8

Nonparallel systems
The vertical lateral load-resisting elements are not parallel to or symmetric about
the major orthogonal axes of the lateral force-resisting system.

1631.1
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TABLE 16-N—STRUCTURAL SYSTEMS

BASIC H3
STSvSTEM! - LATERAL-FORCE-RESISTING SYSTEM—DESCRIPTION Ry? | x 304.8 for mm
1. Bearing wall | 1. Light-framed walls with shear panels
system a.  Wood structural panel walls for structures three stories or less 8 65
b. All other light-framed walls 6 65
2. Shear walls
a. Concrete 6 160
b. Masonry 6 160
3. Light steel-framed bearing walls with tension-only bracing 4 65
4. Braced frames where bracing carries gravity loads
a. Steel 6 160
b. Concrete? 4 —_
¢. Heavy timber 4 65
2. Building 1. Steel eccentrically braced frame (EBF) 10 240
frame 2. Light-framed walls with shear panels
system a. Wood structural panel walls for structures three stories or less 9 65
b. All other light-framed walls 7 65
3. Shear walls
a. Concrete 8 240
b. Masonry 8 160
4. Ordinary braced frames
a. Steel 8 160
b. Concrete? 8 —
c. Heavy timber 8 65
5. Special concentrically braced frames
a. Steel 9 240
3. Moment- 1. Special moment-resisting frames (SMRF)
resisting a. Steel 12 N.L.
frame b. Concrete 12 NL.
system 2. Masonry moment-resisting wall frame 9 160
3. Concrete intermediate moment-resisting frames (IMRF)? 8 —
4. Ordinary moment-resisting frames (OMRF)
a. Steel 6 160
b. Concrete’ 5 —
4. Dual 1. Shear walls
systems a. Concrete with SMRF 12 NL.
b. Concrete with steel OMRF 6 160
c. Concrete with concrete IMRF? 9 160
d. Masonry with SMRF 8 160
e. Masonry with steel OMRF 6 160
f. Masonry with concrete IMRF* 7 —
2. Steel EBF
a. With steel SMRF 12 N.L.
b. With steel OMRF 6 160
3. Ordinary braced frames
a. Steel with steel SMRF 10 N.L.
b. Steel with steel OMRF 6 160
c. Concrete with concrete SMRF4 9 —
d. Concrete with concrete IMRF* 6 —
4. Special concentrically braced frames
a. Steel with steel SMRF 11 N.L.
b. Steel with steel OMRF 6 160
5. Undefined See Sections 1627.8.3 and 1627.9.2 — —
systems
N.L.—No limit.

1Basic structural systems are defined in Section 1627.6.
See 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)
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FOOTNOTES TO TABLE 16-N—(Continued)
60rdinary moment-resisting frames in Seismic Zone | meeting the requirements of Section 2211.6 may use an R,,

value of 12.
TProhibited in Seismic Zones 2A, 2B, 3 and 4. See Section 1631.2.7.

TABLE 16-O—HORIZONTAL FORCE FACTOR, Cp

ELEMENTS OF STRUCTURES, NONSTRUCTURAL COMPONENTS AND EQUIPMENT? \ggucf FOOTNOTE
1.  Elements of structures
1. Walls including the following:
a. Unbraced (cantilevered) parapets 2.0
b. Other exterior walls above the ground floor 0.75 23
c. All interior bearing and nonbearing walls and partitions 0.75 3
d. Masonry or concrete fences over 6 feet (1829 mm) high 0.75
2. Penthouse (except when framed by an extension of the structural frame) 0.75
3. Connections for prefabricated structural elements other than walls, with force

applied at center of gravity 0.75 4
4. Diaphragms -

2. Nonstructural components
1. Exterior and interior ornamentations and appendages 2.0

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 2.0
b. All others, including those supported below the roof with unbraced
projection above the roof less than one half its 0.75
height, or braced or guyed to the structural frame at or above their centers of
mass
3. Signs and billboards 2.0
4. Storage racks (include contents) 0.75 10
5. Anchorage for permanent floor-supported cabinets and book stacks more than
S feet (1524 mm) in height (include contents) 0.75
6. Anchorage for suspended ceilings and light fixtures 0.75 46711
7. Access floor systems 0.75 49
3. Equipment
1. Tanks and vessels (include contents), including support systems and anchorage 0.75
2. Electrical, mechanical and plumbing equipment and associated conduit,
ductwork and piping, and machinery 0.75 8

1See Section 1630.2 for items supported at or below grade.

2See Section 1631.2.4 and Section 1630.2.

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

4Appl ismi
pplies to Seismic Zones 2, 3 and 4 only.

3See Section 1631.2.9.

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/m?2) shall be used.

7TCeilings 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.

8Equipment includes, but is not limited to, boiler, chiller, heat exchanger, pump, air-handling unit, vooling tower, con-
trol panel, motor, switch gear, transformer and life-safety equipment. It includes major conduit, ducting and piping
serving such machinery and equipment and fire sprinkler systems. See Section 1630.2 for additional requirements
for determining G, 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 10 psf (0.479 kN/m?2) partition load allowance.

10]n ljeu of the tabulated values, steel storage racks may be designed in accordance with Chapte - 22, Division VL.

1 ight 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 III.
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TABLE 16-P—Ry FACTORS FOR NONBUILDING STRUCTUFIES

16-P

STRUCTURE TYPE

Vessels, including tanks and pressurized spheres, on braced or unbraced legs.
Cast-in-place concrete silos and chimneys having walls continuous to the foundation.

Distributed mass cantilever structures such as stacks, chimneys, silos and skirt-supported vertical
vessels.

Trussed towers (freestanding or guyed), guyed stacks and chimneys.
Inverted pendulum-type structures.

Cooling towers.

Bins and hoppers on braced or unbraced legs.

Storage racks.

Signs and billboards.

Amusement structures and monuments.

All other self-supporting structures not otherwise covered.

w

Wb W M
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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 employmr ent 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 I1, and are part of this code.

1. 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.

1. Concrete, During the taking of test specimens and placing of reinforced concrete. See Item 12
for shotcrete.

EXCEPTIONS: |. Concrete for foundations conforming to minimum requirements of Table 18-1-D or for
Group R, Division 3 or Group U, Division | Occupancies, provided the building official 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
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 150 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 1.
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 designed to resist
loads and forces required by this code.

EXCEPTIONS: 1. 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 start 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 5/ 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, nondestructive 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. S bars used for embedments, provided the materials, qualifications of
welding procedures and welders are verified prior to the start 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 shipnent 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 1701.5.

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 masoary 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*,, is no more than 1,500 psi (10.34 MPa) for concrete
units or 2,600 psi (17.93 MPa) for clay units, special inspection may be performed as requirzd 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 ard taking of any
required prisms or test specimens, at the start of laying units, after the placement of rein-
forcing steel, grout space prior to each grouting operation, and during all grouting opera-
tions.

EXCEPTION: Special inspection as required in Items 7.1 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.

2-44



1994 UNIFORM BUILDING CODE 1701.5-1702

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 piles and construction of
cast-in-place drilled piles or caissons. See Items 1 and 4 for concrete and reinforcing steel inspec-
tion.

12. Shotcrete. During the taking of test specimens and placing of all shotcrete and as required by
Sections 1922.10 and 1922.11.
EXCEPTION: Shotcrete work fully supported on earth, minor repairs and when, 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.

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.

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 shail be subject to revocation by the building official if it is found that anv 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 quelity 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 to 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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1. 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.

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 struztural design, to
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 building 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-
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 for structural de-
sign and as shown on plans and specifications.

As a minimum, this program shall include the following:

1. 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 welds over 3 feet (914
mm) in length where the effective throat thickness is 1 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 1 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 5116 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 specifications, this nondestruc-
tive ultrasonic testing may be performed in the shop of an approved fabricator utilizing qualified 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-
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/; 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-
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 estabilish 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 prefabricated construc-
tion and all materials used therein shall conform to all the requirements of this 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 mzntioned 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 forr 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 meets all the requirements
of this code. When mechanical equipment is installed so that it cannot be inspected 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 —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 excavation, 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 of 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 determined, the pro-
cedures shall be in accordance with U.B.C. Standard 18-2 and the soil shall be classified according
to Table 18-I-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
18-1-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 necessary 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.

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: 1. 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 | Occupancies.
4. Fences.

1804.3 Reports. The soil classification and design bearing capacity shall be shown on the plans,
unless the foundation conforms to Table 18-I-D. The building official may recuire 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.

4. Recommendations for foundation type and design criteria, including bearing capacity, provi-
sions to mitigate the effects of expansive soils, provisions to mitigate the effects of liquefaction and
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 consequences of any lig-
uefaction and soil strength loss, including estimation of differential settlement, lateral movement or
reduction in foundation soil-bearing capacity, and discuss mitigating measures. 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, selzction 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 PRESSURES

The allowable foundation and lateral pressures shall not exceed the values set forth in Table 18-I-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, II-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 footings with loads of less
than 50,000 pounds (222.4 kN).

SECTION 1806 — FOOTINGS

1806.1 General. Footings and foundations shall be constructed of masonry, concrete or treated
wood in conformance with Division II and shall extend below the frost line. Footings of concrete

2-49



CHAP. 18, DIV. |
1806.1-1806.4.6 1994 UNIFORM BUILDING CODE

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 foundations 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 foundattons 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 bearing walls shall
be as set forth in Table 18-I-D.

EXCEPTIONS: 1. A one-story wood- or metal-frame building not used for human occupancy and not
over 400 square feet (37.2 m?) in floor area may be constructed with walls supported on it 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 preservative. 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 this 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 t 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 adjacent 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 shal! 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 alternate 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 1/5-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 2217 4.

1806.7 Designs Employing Lateral Bearing.

1806.7.1 General. Construction employing posts or poles as columns embedded in earth or em-
bedded in concrete footings in the earth may be used to resist both axial and la:eral loads. 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 determining 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.

_ A 4.36h 6-1
d =3 (1 + 1+ == ) (6-1)
WHERE:
_ 2.34P
A= %0
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).
Sy = 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-I-A based 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.

2 _ Ph .
d: = 4.25S3b 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:

1. 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 (102 mm) larger than the diameter of the
column at its bottom or 4 inches (102 mm) larger than the diagonal dimension of a sjuare 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 lirnited 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 with Chapter 18.

EXCEPTIONS: Temporary open-air portable bleachers as defined in Section 1021 may be supported
upon wood sills or steel plates placed directly upon the ground surface, provided soil presst re does not exceed
1,200 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 a 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 include, 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 verification 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 tension or compres-
sion, a minimum horizontal force equal to 10 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. It 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 mm/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 feet (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 evidence 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 fiictional 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 the building official after a
soil investigation as specified in Section 1804 is submitted. Frictional resistance and bearing resistance shall
not be assumed to act simultaneously unless recommended after a foundation investigation 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 practice of soils engi-
neering.
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SECTION 1808 — SPECIFIC PILE REQUIREMENTS
1808.1 Round Wood Piles.

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-I-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
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 strength f/. 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 shall not exceed
0.33f".. 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.

1808.3.1 Material. Concrete used in metal-cased concrete piles shall have a specified compres-
sive strength f'. 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 distortion 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 %
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.

3. The specified compressive strength f”,. shall not exceed 5,000 psi (34.47 MPa) and the ratio of
steel minimum specified yield strength £, to concrete specified compressive strength f'.. shall not be
less than 6.

4. The pile diameter is not greater than 16 inches (406 mm).
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1808.4 Precast Concrete Piles.

1808.4.1 Materials. Precast concrete piles shall have a specified compressive strength f'. of not
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 bz 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 spzcified compressive
strength f. of not less than 5,000 psi (34.48 MPa) and shall develop a compressive 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 mmy), wire shall not be smaller than !/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:

fe = 033, — 0.27fp,
WHERE:
Jp. = 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.
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1808.6.2 Allowable stresses. The allowable axial stresses shall not exceed 0.35 of the minimum
specified yield strength F, or 12,600 pounds per square inch (86.88 MPa), whichever is less.

EXCEPTION: When justified in accordance with Section 1807.11, the allowable axial stress may be in-
creased above 12,600 psi (86.88 MPa) and 0.35Fy, but shall not exceed 0.5F.

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

1. The flange projection shall not exceed 14 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 inches (203 mm).
3. Flanges and webs shall have a minimum nominal thickness of 3/g inch (9.5 mm).

Sections of driven pipe piles shall have an outside diameter of not less than 10 inches (254 mm)
and a minimum thickness of not less than !/4 inch (6.4 mm).

1808.7 Concrete-filled Steel Pipe Piles.

1808.7.1 Material. The concrete-filled steel pipe piles shall conform to U.B.C. Standard 22-1
and shall be identified in accordance with Section 2202.2. The concrete-filled steel pipe piles shall
have a specified compressive strength f’; 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
specified yield strength F), of the steel plus 0.33 of the specified compressive strength f*. 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 10 0.50 Fy.

1808.7.3 Minimum dimensions. Driven piles of uniform section shall have a norninal outside di-
ameter of not less 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 connzction 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 superstructure 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 F, 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 provisions of Sec-
tion 1603, including the effects of lateral displacements. Special detailing requirements as de-
scribed in Section 1809.5.2 shall apply for a length of piles equal to 120 percent of the flexural
length. Flexural length shall be considered as a length of pile from the first point 01" zero lateral de-
flection to the underside of the pile cap or grade beam.

2-56



CHAP. 18, DIV. |
1994 UNIFORM BUILDING CODE 1809.5.2-1803.5.2.3, 18-1-A—18-I-B

1809.5.2 Steel piles, nonprestressed concrete piles and prestressed concrete piles.

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 VIIL

1809.5.2.2 Nonprestressed concrete piles. Piles shall have transverse reinforcement meeting
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
24-inch (610 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 sizes.

TABLE 18--A—ALLOWABLE FOUNDATION AND LATERAL PRESSURE

LATERAL BEARING LATERAL SLIDING4
ALLOWABLE LBSJ/SQJ/FTJFT. OF
FOUNDATION DEPTH BELOW Res"'ag‘ce
PRESSURE (psf)2 | NATURAL GRADE3 (psf)
x 0.157 for kPa per x 0.0479
CLASS OF MATERIALS! x 0.0479 for kPa meter Coefficient’ | for kPa
1. 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 grave!
and clayey gravel (SW, SP, SM, SC, GM
and GC) 1,500 150 .25
5. Clay, sandy clay, silty clay and clayey silt
(CL, ML, MH and CH) 1,0007 100 130

1For soil classifications OL, OH and PT (i.e., organic clays and peat), a foundation investigation shall be required.

2All 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 !/2-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.

SLateral 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.

No 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--C—WEIGHTED EXPANSION INDEX!

DEPTH INTERVAL2
x 304.8 for mm WEIGHT FACTOR
0-1 04
1-2 03
223 0.2
3.4 0.1
Below 4 0

IThe weighted expansion index for nonuniform soils is determined by multiplying the expansion index for each depth
interval by the weight factor for that interval and summing the products.
2Depth in feet (305 mm) below the ground surface.

§ TABLE 18--D—FOUNDATIONS FOR STUD BEARING WALLS—MINIMUM REQUIFEEMENTS' 2.3

THICKNESS OF
FOUNDATION WALL
(inches) WIDTH OF THICKNESS OF DZPTH BELOW
FOOTING FOOTING UNDISTURBED GROUND
NUMBER OF FLOORS % 25.4 for mm (inches) (inches) SUIRFACE (inches)
PPORTED BY TH Unit
su FO‘I)JNDATION‘ E Concrete Masonry X 25.4 for mm
1 6 6 12 6 12
2 8 8 15 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.

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 supporting 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-I-1
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Division I—DESIGN STANDARD FOR TREATED WOOD FOUNDATION SYSTEM
Based on National Forest Products Association, Technical Report 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 allowabl: unit stresses are set
forth in Tables 23-1-A-1, 23-1-A-2, 23-1-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 grade marked indicating
conformance with U.B.C. Standard 23-2 and shall bear the grade mark of an 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 spzce 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, crawl 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 the effects associated
with the wood treating chemicals, indicate an equal or better performance. Z.inc-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-coated staples shall not be
used.

Framing anchors shall be of hot-dipped zinc-coated A-446 Grade A shee!. 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 !/;g-inch (1.6 mm) grains and shall be free from organic,
clayey or silty soils.
Crushed stone shall have a maximum size of !/, 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 s:zal.

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 moisture 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, eacts 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 arsenate (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 minirijum 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 preservatives 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 plates, 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 shall 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-I-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 expansive 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 P; 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 measu-es are designed
by persons qualified in accordance with the authority having jurisdiction. (See Section 1804.7.)

1812.2 Area Drainage. Adjacent ground surface shall be sloped away from the structure with a
gradient of at least !/, inch (13 mm) per foot for a distance of 6 feet (1830 mm) or riore. 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 (153 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 sump 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 positive 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 sheeting 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. Sheeting 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 below-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 and 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 lappec! to provide for water
seepage while preventing excessive infiltration of fine soils. Perforated shzeting 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 construction, 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 the porous layer under
the slab. Alternately, drainage across the concrete footing shall be provided ty 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 basement walls but the
insulation is not flush with the exterior wall sheathing and does not extend down to the bottom plate,
blocking shall be installed between the studs at the lower end of the insulation 0 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 loads 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 accordance 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 shal! be as provided
in Section 2304. Design stresses for framing lumber shall be based on use under dry 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 shall 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 Type 304 or 316,
silicon bronze or copper nails shall be developed on a comparable basis to loads 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 exceed the allow-
able soil bearing values from Table 18-I-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 assumed.

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 tearing 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 {rost penetration
unless the gravel, sand or crushed stone footing extends to the maximum depth of {rost penetration
and is either connected to positive mechanical or gravity drainage, at or below the: 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 as required in Section
1812.5 for basement construction to prevent excessive infiltration of fine soils.

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 grzvel, 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 pressure and downward
live and dead loads on the foundation wall, and for shear stresses due to lateral soil pressure. Top and
bottom wall plates shall be designed for bearing of the studs on the plates. Joints 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. Cionnections 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 shall be resisted by the
soil inside the footing.

Foundation walls subject to racking loads due to earthquake, wind or diffzrential 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 t3 act simultaneously.
Where a bottom wall plate of 1-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/, inches (89 mm) in thickness.

Wood basement floors shall be designed to withstand axial forces and bendiag 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 lateral 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 frorn 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-lil-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)
% 25.4 for mm
DEPTH TO VELOCITY OF ~ .
CONSTANT MOISTURE Edge Distance Penetration
SU%'HON y FLOW PPy
¥ .8 far mm
PERCENT ") congTaNT | (inches/month) x
CLAY x 304.8 for SUCTION x 25.4 for
(%) mm (0F) mm/month 11 21, 3n an. 51t 6h . 8.
30 3 32 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
03 0.004 0.008 0.011 0.015 0.020 0.024 0.029 0.034
0.5 0.006 0.012 0019 0.026 0.034 0.044 0.054 0.067
0.7 0.008 0.017 0.027 0.038 0.052 0.069 0.091 0.124
3.6 0.1 0.003 0.006 0.009 0012 0.015 0.019 0.022 0.026
03 0.008 0.017 0.027 0.040 0.055 0.073 0.099 0.137
0.5 0014 0.030 0.050 0077 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
03 0.004 0.008 0.012 0016 0.020 0.025 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 0.075 0.089
34 0.1 0.003 0.005 0.008 0.011 0014 0.017 0.020 0.023
03 0.008 0.016 0.025 0.034 0.044 0.055 0.066 0.078
0.5 0.014 0.028 0.043 0.060 0.079 0.100 0.125 0.153
0.7 0.018 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
03 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 32 0.1 0.002 0.004 0.007 0.009 0.012 0.015 0.017 0.020
03 0.007 0.015 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
34 0.1 0.005 0.010 0.016 0.021 0.026 0.031 0.037 0.042
03 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 0.07t 0.113 0.616 0218 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
03 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 0396 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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TABLE 18-lil-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)
x 25.4 for mm
DEPTH TO VELOCITY OF
CONSTANT MOISTURE Edge Distance Penetration
SUcTioN FLOW T
. .8 for mm
PERCENT ) CONSTANT | (nehes/month) x
CLAY | x3048for | SUCTION <254 100

%) mm F) mwmonth | 1f. | 20 | 3n. | 4n | st | sn | 7 | sm
40 3 32 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 0014 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 0.035 0.043 0.050
34 0.1 0.002 0.004 0.005 0.007 0.008 0.009 0.011 0.014
03 0.004 0.009 0.014 0.020 0.025 0.032 0.038 0.044
0.5 0.007 0.016 0.074 0.037 0.046 0.058 0.073 0.090
0.7 0.011 0.023 0.036 0.051 0.070 0.092 0.122 0.166
3.6 0.1 0.003 0.007 0.011 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
05 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 0.011 0.016 0.022 0.028 0.033 0.039 0.046
0.5 0.009 0.018 0.027 0.037 0.047 0.057 0.068 0.080
0.7 0.012 0.025 0.038 0.053 0.067 0.083 0.100 0.118
34 0.1 0.003 0.007 0.011 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 0.018 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
36 0.1 0.008 0.017 0.027 0.036 0.046 0.057 0.068 0.079
03 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 0371 0.652 1.353 3.349 9215
7 3.2 0.1 0.003 0.006 0.010 0.013 0.017 0.020 0.023 0.027
03 0.010 0.020 0.030 0.040 0.051 0.062 0.073 0.084
05 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
34 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
05 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
03 0.042 0.087 0.138 0.196 0.263 0.343 0.444 0.583
05 0.069 0.148 0.244 0.365 0.531 0.799 1.348 2.791

0.7 0.095 0.210 0.360 0.577 0.953 1.803 4,126 —
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TABLE 18-Il-C—DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR

A CENTER LIFT SWELLING CONDITION IN.PREDOMINANTLY KAOLINITE CLAY SOIL

(50 PERCENT CLAY)
DIFFERENTIAL SWELL (inch)
x 25.4 for mm
DEPTH T0 VELOCITY OF
CONSTANT MOISTURE Edge Distance Penetration
SUCTiON FLOW YT
. X .8 for mm
PERCENT ) CONSTANT | {inehes/manth)
CLAY | x304.8tor | SUCTION x 25.4 for
%) mm (oF) mm/month . | 21 | 3u | an | se | sa . 8n.
50 3 32 0.1 0.001 0.002 0.002 0.003 0.004 0.005 0.006 0.007
03 0.003 0.005 0.008 0.011 0.014 0.018 0.021 0.024
0.5 0.004 0.009 0.014 0.019 0.025 0.030 0.036 0.042
0.7 0.006 0.013 0.020 0.028 0.036 0.044 0.053 0.063
34 0.1 0.002 0.004 0.006 0.008 0.010 0.012 0.015 0.017
0.3 0.006 0.012 0.018 0.025 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 0070 | 0.124 0.210 0.380 0.818 2.103 5.926
5 32 0.1 0.002 0.005 0.007 0.009 0.011 0.014 0.016 0.018
0.3 0.007 0.014 0.020 0.027 0.035 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 0.015 0.031 0.048 0.066 0.084 0.104 0.125 0.148
34 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 32 0.1 0.004 0.008 0.013 0.017 0.021 0.025 0.030 0.034
03 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
34 0.1 0.008 0.017 0.025 0.034 0.043 0.052 0.061 0.070
0.3 0.025 0.051 0.078 0.107 0.137 0.169 0.203 0.240
05 0.041 0.085 0.133 0.185 0.243 0.308 0.383 0472
0.7 0.057 0.120 0.191 0.272 0.366 0.483 0.636 0.864
3.58 0.1 0.018 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 5172 —
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1994 UNIFORM BUILDING CODE

TABLE 18-lll-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)
x 25.4 for mm
DEPTH TO VELOCITY OF
CONSTANT MOISTURE Edge Distance Penetration
SU(;‘TIOII FLOW a0
. .8 for mm
PERCENT () congTawy | (inches/month) X
CLAY x 304.8 for SUCTION x 25.4 for
(%) mm (pF) mm/month . 21t 3ft. 4. 5. 6t 1. 8fl.
60 3 32 0.1 0.001 0.003 0.004 0.005 0.006 0.007 0.008 0.010
03 0.003 0.007 0.010 0.014 0.018 0021 0.025 0.029
0.5 0.006 0.012 0018 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 0.015 0.017 0.020
0.3 0.007 0.014 0022 0.030 0.038 0.047 0.057 0.068
05 0.012 0.024 0.038 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 0.018 0.024 0.031 0.038 0.045 0.053
0.3 0.017 0.035 0.056 0.081 0.110 0.148 0.199 0.278
0.5 0.026 0.059 0.099 0.154 0236 0.386 0.745 1.779
0.7 0.036 0.083 0.149 0.252 0455 0.983 2.527 7.124
5 32 0.1 0.003 0.00S 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
05 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 0017 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 0.028 0.056 0.087 0.122 0.160 0.202 0.252 0310
0.7 0.037 0.078 0.125 0.177 0.240 0316 0417 0.564
3.6 0.1 0.013 0.027 0.040 0.055 0.070 0.086 0.102 0.120
03 0.038 0.080 0.077 0.182 0.248 0.329 0.439 0.604
0.5 0.062 0.135 0226 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 32 0.1 0.005 0.010 0016 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 0233 0.281 0.332
34 0.1 0.010 0.020 0.030 0.041 0.052 0.062 0.073 0.085
03 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 0371 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
03 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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18-lll-E

TABLE 18-llIl-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 25.4 for mm
DEPTH T0 VELOCITY OF -
CONSTANT MOISTURE Edge Distance Penetration
SUCTION FLOW T
. .8 for mm
PERCENT ) CONSTANT ' | {inches/month) X
CLAY | x304.8far | SUCTION <5410
%) mm (oF) mmmonth | 1t | 2 | 3n | 4n | sm | sn | 7n | st
70 3 32 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 0.025 0.029 0.034
0.5 0.006 0.013 0.020 0.027 0.035 0.042 0.051 0.060
0.7 0.010 0.019 0.029 0.040 0.051 0.063 0.076 0.089
34 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 0.103 0.129 0.159
0.7 0.019 0.039 0.063 0.090 0.122 0.162 0.215 0.292
36 0.1 0.006 0.013 0.020 0.027 0.035 0.043 0.052 0.061
03 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
03 0.010 0.019 0.029 0.039 0.49 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
34 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
36 0.1 0.015 0.030 0.046 0.063 0.081 0.099 0.11% 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 0974 1.830 4239
0.7 0.100 0.225 0.394 0.653 1.147 2.381 5.893 —
7 32 0.1 0.006 0.011 0.017 0.023 0.029 0.035 0.041 0.047
03 0.018 0.035 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
34 0.1 0.012 0.024 0.036 0.048 0.060 0.073 0.086 0.099
03 0.035 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 0514 0.678 0.893 1.213
3.58 0.1 0.025 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 4913
0.7 0.166 0.369 0.634 1.016 1.677 3.175 7.263 —
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18-liI-F 1994 UNIFORM BUILDING CODE

TABLE 18-lll-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)
x 25.4 for mm
DEPTH T0 VELOCITY OF
CONSTANT MOISTURE Edge Distance Penetration
SU%TION y FLOW YY)
. es/mi x 304.8 for mm
PERCENT ) consTany |-{Inches/month)
CLAY x 304.8 for SUCTION x 25.4 for

(%) mm {pF) mm/month 1t 21t . aft. Sft. 6ft. 7ft. 8ft.
30 3 32 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 0.018 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 0.075
34 0.1 0.003 0.005 0.007 0.010 0.012 0.015 0.017 0.020
03 0.007 0.014 0.022 0.030 0.038 0.047 0.057 0.067
05 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

36 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 0274
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 32 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 0.078 0.100 0.124 0.149 0.176
34 0.1 0.005 0011 0016 0022 0.028 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 0.078 0.124 0.176 0.238 0319 0413 0.558
36 0.1 0.012 0.025 0.039 0.053 0.068 0.084 0.100 0.118
03 0.037 0.079 0.126 0.180 0.245 0.326 0434 0.598

05 0.062 0.134 0.224 0.342 0.516 0.825 1.551 3.59

0.7 0.084 0.190 0.333 0.553 0.971 2016 4991 —

7 32 0.1 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.041
0.3 0.015 0.030 0.045 0.061 0.076 0.093 0.109 0.126

0.5 0.025 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
34 0.1 0.010 0.020 0.030 0.041 0.051 0.062 0.073 0.084
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 0221 0.288 0.367 0.456 0.562
0.7 0.068 0.143 0.227 0.323 0436 0.574 0.757 1.028

358 0.1 0021 0.042 0.065 0.088 0.113 0.138 0.164 0.191
03 0.062 0.131 0.207 0292 0.392 0.511 0.662 0.870
05 0.103 0.221 0.363 0.543 0.792 1.191 2.010 4.162

0.7 0.141 0.313 0.537 0.861 1.421 2.689 6.153 —
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18-lI-G

TABLE 18-lll-G—DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR

A CENTER LIFT SWELLING CONDITION IN PREDOMINANTLY ILLITE CLAY SOIL

(40 PERCENT CLAY)
DIFFERENTIAL SWELL (inch)
% 25.4 for mm
DEPTH TO VELOCITY OF
CONSTANT MOISTURE Edge Distance Penetration
SucrioN FLOW o
. x .8 for mm
PERCENT ) consrany | (nches/month)
CLAY | =3048for | SUCTION | x25.4for
%) mm ) mmmonth | 1t | 2n | 3n | em | sn | en | 7 | en
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 0.035 0.048 0.062 0.076 0.092 0.109
34 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 0.075 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 0.075
03 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 3611 —
5 32 0.1 0.004 0.007 0.011 0.015 0.019 0.023 0.027 0.031
0.3 0.012 0.024 0.035 0.047 0.060 0.072 0.085 0.098
05 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
34 0.1 0.007 0.015 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
36 0.1 0.018 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 2912 7.207 —_
7 3.2 0.1 0.007 0.014 0.021 0.029 0.036 0.043 0.051 0.058
03 0.022 0.043 0.065 0.088 0.111 0.134 0.158 0.183
0.5 0.035 0072 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
34 0.1 0.015 0.030 |: 0.045 0.060 0.075 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 0.19 0.236 0.277
03 0.090 0.188 0.298 0.422 0.566 0.738 0.956 1.256
05 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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1994 UNIFORM BUILDING CODE

TABLE 18-Il-H—DIFFERENTIAL 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)
< 25.4 formm
DEPTH TO VELOCITY OF
CONSTANT MOISTURE Edge Distance Penetration
SUCTION FLOW o
N » r
PERCENT ) CoNgTANT | (nches/month) x mm
CLAY | x3048for | SUCTION <254 for
%) mm {oF) mmosth | 1 | 2n | 3m | an | s | et | 7m | e
50 3 32 0.1 0.002 0.004 0.006 0.008 0.010 0.013 0.015 0.017
03 0.006 0.013 0019 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
34 0.1 0.004 0.009 0.013 0.018 0.022 0.027 0.032 0.037
03 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 0.196 0.260 0.344 0.467
36 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 0470 0.851 1.836 4,720 —
5 32 0.1 0.005 0.010 0.015 0.020 0.026 0.031 0.036 0.041
0.3 0.015 0.030 0.046 0.062 0.078 0.094 0.111 0.128
05 0.025 0051 0.077 0.14 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
34 0.1 0.010 0.021 0.031 0.042 0.053 0.064 0.075 0.086
03 0.031 0.062 0.096 0.131 0.167 0.207 0.248 0.293
05 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
36 0.1 0.025 0.049 0.075 0.102 0.130 0.160 0.191 0.224
03 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 0974 1.558 2927 6.778
0.7 0.159 0.359 0.629 1.043 1.834 3.807 9.422 —
7 32 0.1 0.009 0.018 0.028 0.037 0.047 0.056 0.066 0.076
03 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 0418
0.7 0.064 0.131 0.201 0.275 0.353 0436 0524 0.620
34 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
05 0.092 0.192 0.299 0416 0.546 0.692 0.860 1.061
0.7 0.129 02N 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
03 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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18-

TABLE 18-lli-l-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)
% 25.4 for mm
DEPTH TO VELOCITY OF N
CONSTANT MOISTURE Edge Distance Penetration
sutilnou FLOW oYY
. .8 for mm
PERCENT ) CoNgTANy | {Inches/month) X
CLAY x 304.8 for SUCTION x 25.4 for
(%) mm (P mm/month 1. 21 In an. 58, 6ft. M 8.
60 3 32 0.1 0.003 0.006 0.008 0.011 0.014 0.016 0.019 0.022
03 0.008 0.016 0.024 0.033 0.041 0.050 0.059 0.068
05 0.013 0.027 0.040 0.055 0.070 0.085 0.102 0.119
0.7 0.018 0.037 0.057 0.078 0.100 0.123 0.148 0.176
34 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
05 0.027 0.055 0.087 0.121 0.159 0.203 0.253 0314
0.7 0.037 0.078 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
03 0.038 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 32 0.1 0.006 0.012 0.018 0.025 0.031 0.038 0.044 0.050
0.3 0.018 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 0411
34 0.1 0.012 0.025 0.038 0.051 0.065 0.078 0.092 0.106
0.3 0.038 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 0410 0.554 0.730 0.962 1.301
36 0.1 0.030 0.061 0.093 0.126 0.161 0.197 0.236 0.276
03 0.088 0.185 0.295 0421 0.572 0.761 1.013 1.394
0.5 0.144 0313 0.522 0.797 1.203 1.924 3.615 8371
0.7 0.197 0.444 0.778 1.289 2.265 4.702 — —
7 32 0.1 0.012 0.023 0.035 0.047 0.058 0.070 0.082 0.094
03 0.035 0.069 0.105 0.141 0.178 0.216 0.255 0.294
05 0.057 0.116 0.176 0.239 0.304 0.372 0.442 0516
0.7 0.079 0.162 0.249 0.340 0.436 0.538 0.647 0.766
34 0.1 0.023 0.047 0.071 0.095 0.120 0.145 0.170 0.196
03 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
358 0.1 0.050 0.100 0.153 0.207 0.263 0322 0.383 0.447
03 0.145 0.304 0.481 0.681 0912 1.192 1.543 2028
0.5 0.238 0.514 0.846 1.266 1.846 2776 4.687 9.702
0.7 0.328 0.730 1.252 2.006 3312 6.268 — —
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18-lil-J 1994 UNIFORM BUILDING CODE

TABLE 18-ll-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)
x 25.4 for mm
DEPTH TQ VELOGITY OF - -
CONSTANT MOISTURE Edge Distance Penetration
SUcTioN FLOW T
. .8 for mm
PERCENT ") CONSTANT |- (inches/month) x
CLAY | x3048for | SUCTION 254 for
%) min ) mommonth | 11 | 2n | sn | an | sm | e [ 7 | s
70 3 32 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
34 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 0212 0.287 0.381 0510 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 32 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
07 0.051 0.104 0.159 0218 0.279 0.345 0414 0.489
34 0.1 0.015 0.030 0.046 0.062 0.077 0.094 0.110 0.127
03 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 0215 0342 0487 0.659 0.869 1.145 1.548
36 0.1 0.035 0.071 0.109 0.149 0.191 0.234 0.279 0.327
0.3 0.14 0.219 0.350 0.501 0.680 0.904 1.204 1.659
0.5 0.170 0.372 0.620 (.948 1.431 2.290 4.302 9.964
0.7 0234 0528 0925 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 0519 0.640 0771 0911
34 0.1 0.028 0.056 0.084 0.113 0.142 0.173 0.202 0.233
03 0.082 0.167 0.257 0.352 0.451 0.556 0.669 0.789
05 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 0313 0.383 0.456 0.532
0.3 0.173 0.362 0573 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 3943 7462 — —
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18-li-K

TABLE 18-lll-Kk—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)
x 25.4 for mm
DEPTH TO VELOCITY OF
CONSTANT MOISTURE Edge Distance Penetration
SUCTION g LOW i
. X .8 for mm
PERCENT ) congTaNy | Unches/month)
CLAY | =304.8far | SUCTION 254 1or
%) mm ) momonth | 14 | 2r | se | an | s | en | 7 | en
30 3 32 01 0.001 0.003 0.004 0.005 0.007 0.008 0.009 0.01
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
34 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 2073
0.7 0.043 0.098 0.173 0294 0532 1.145 2.945 8.301
5 32 0.1 0.003 0.006 0.010 0.013 0.016 0.019 0.022 0.026
0.3 0.009 0.018 0.028 0.038 0.048 0.058 0.069 0.079
05 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
34 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
07 0.043 0.091 0.145 0.207 0.280 0.369 0.486 0.657
36 0.1 0.015 0.030 0.047 0.063 0.081 0.099 0.119 0.139
03 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 2514
0.7 0.100 0.224 0.393 0.651 1.144 2.375 5.870 —
7 32 0.1 0.006 0.012 0.017 0.023 0.029 0.035 0.041 0.047
03 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
34 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
03 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 1672 3.165 7244 —
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TABLE 18-lll-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 25.4 for mm
DEPTH TO VELOGITY OF
CONSTANT MOISTURE Edge Distance Penetration
SU(i‘Tl(IN FLOW 304810
. . rmm
PERCENT ) congTany | {Inches/month) x
CLAY x 304.8 for SUCTION x 25.4 tor

(%) mm (oF) mm/month 1. 2. 3n an 5f. 6h e Bft.
40 3 32 0.1 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016
0.3 0.006 0012 0.018 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
34 0.1 0.004 0.008 0.012 0.016 0.021 0.025 0.029 0.034
0.3 0011 0.024 0.037 0.050 0.065 0.080 0.097 0.115
0.5 0.019 0.040 0.063 0.088 0.116 0.148 0.185 0229
0.7 0.027 0.057 0.091 0.130 0.177 0.234 0311 0.422
3.6 0.1 0.010 0.019 0.030 0.040 0.051 0.063 0.076 0.089
03 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 0399 0.652 1.258 3.004
0.7 0.062 0.142 0.251 0425 0.769 1.660 4.267 7.762
5 3.2 0.1 0.004 0.009 0.013 0.018 0.022 0.027 0.032 0.037
0.3 0013 0.027 0.041 0.055 0.069 0.085 0.100 0.115
0.5 0.023 0.046 0.069 0.094 0.120 0.147 0.174 0.203
0.7 0032 0.064 0.098 0.134 0.172 0212 0.255 0.301
34 0.1 0.010 0.019 0.028 0.038 0.048 0.058 0.068 0.079
03 0.027 0.056 0.086 0.118 0.151 0.186 0.224 0.264
0.5 0.045 0.094 0.147 0.205 0.269 0.341 0424 0.522
0.7 0.063 0.133 0.211 0.300 0.405 0.535 0.704 0.952
36 0.1 0.021 0.044 0.067 0.092 0.117 0.144 0.172 0.201
03 0.064 0.135 0216 0.308 0419 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 0325 0.569 0.944 1.658 3441 8.517 —
7 32 0.1 0.009 0.018 0.026 0.035 0.043 0.052 0.061 0.070
03 0.025 0.051 0.077 0.103 0.131 0.158 0.186 0215
05 0.042 0.085 0.129 0.175 0.223 0272 0324 0378
0.7 0.059 0.119 0.183 0.249 0.320 0.394 0.475 0.561
34 0.1 0.017 0.035 0.052 0.070 0.088 0.106 0.125 0.144
03 0,050 0.103 0.158 0.216 0277 0.342 0411 0.485
0.5 0.084 0.173 0.270 0.377 0.494 0.626 0.778 0.960
0.7 0.116 0.244 0.387 0.550 0.743 0.980 1291 1.753
3.56 0.1 0.033 0.066 0.101 0.136 0.173 0.211 0.251 0.292
03 0.096 0.201 0316 0.444 0.590 0.706 0.967 1.231
0.5 0.158 0.339 0.553 0315 1.160 1.668 2.583 4.748

0.7 0.218 0.480 0.813 1.271 2.004 3.504 7.412 —
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TABLE 18-lll-M—DIFFERENTIAL SWELL OGCCURRING AT THE PERIMETER OF A SLAB FOR
A CENTER LIFT SWELLING CONDITION iN PREDOMINANTLY MONTMORILLONITE CLAY SOIL

(50 PERCENT CLAY)
DIFFERENTIAL SWELL (inch)
x 25.4 for mm
DEPTH TO VELOGITY OF .
CONSTANT MOISTURE Edge Distance Penetration
SU(;(TIU" ‘ 304.81
. .8 for mm
PERCENT () congTany |- {inches/month) X
CLAY x 304.8 for SUCTION x 25.4 for
(%) mm (pF) mm/month 11, 21t 38 41t 5ft. 6 ft. 7ft. 8t
50 3 3.2 0.1 0003 | 0005 | 0008 | 0010 | 0013 | 0.016 | 0018 | 0021
03 0007 | 0015 | 0023 | 0031 | 0039 | 0047 | 0055 | 0.065
0.5 0012 | 0026 | 0038 | 0052 | 0066 | 0081 [ 0097 | 0113
07 008 | 0036 | 00ss | 0075 | ooe | o119 | 0143 | 0169
34 0.1 0006 | 0011 | 0016 | 0022 | 0027 | 0033 | 0038 | 0044
03 0016 | 0032 | 0049 | 0067 | 0086 | 0106 | 0127 | 0151
0.5 0026 | 0053 | 0083 | 0116 | 0153 | 0195 | 0243 | o301
07 0036 | 0075 | 0119 | 0170 | 0231 | 0307 | 0407 | 0553
36 0.1 0012 | 0025 | 0038 | 0052 | 0067 | 0082 | 0099 | on6
03 003 | 0077 | 0123 | 0177 | 0243 | 0326 | 0439 | 0613
05 0059 | 0131 | 0220 | 0340 | 0522 | 0854 | 1648 | 3935
07 0082 | 0186 | 0330 | 0ss8 | 1008 | 2175 | 559 —
5 32 0.1 0006 | 0012 | 0018 | 0024 | 0030 | 0036 | 0042 | 0.048
03 0017 | 0035 | 0054 | 0073 | 0092 | o111 | 0131 | 0151
05 0030 | 6060 | 0091 | 0124 | 0157 | 0192 | 0228 | 0266
07 0041 | 0083 | 0128 | 0175 | 0224 | 0277 | 0333 | 0394
34 0.1 0012 | 0024 | 0037 | 0049 | 0062 | 0075 | 0089 | 0.102
03 003 | 0074 | 013 | 0154 | 0198 | 0244 | 0294 | 0344
0.5 0059 | 0423 | 0193 | 0268 | 0352 | 0446 | 0555 | 0.684
07 0083 | 0174 | 0276 | 0393 | o531 | o700 | 0923 | 1247
3.6 0.1 0029 | 0058 | 0089 | 0121 | 0154 | 0189 | 0226 | 0.264
03 0084 | 0177 | 0282 | 0404 | 0548 | 0728 | 0970 | 1.336
05 0137 | 0299 | 0500 | 0764 | 1152 | 1844 | 3464 | 8025
07 0189 | 0426 | 0745 | 1236 | 2712 | 4508 — —
7 32 0.1 0011 | 0022 | 0034 | 0044 | 0056 | 0067 | 0078 | 0.090
0.3 0033 | 0067 | 0101 | 0135 | 0171 | 0208 | 0244 | 0282
05 0055 | 0111 | 0169 | 0229 | 0291 | 0356 | 0423 | 0495
07 0076 | 0155 | 0238 | 0326 | 0418 | o516 | o621 | 0734
34 0.1 0023 | 0045 | 0068 | 0091 | oms | 039 | 0163 | o.1s8
03 0066 | 0135 | 0208 | 0284 | 0364 | 0449 | 0539 | 0636
05 0106 | 0226 | 0354 | 0493 | 0646 | 0819 | 1019 | 1.25
0.7 0152 | 0320 | 0507 | 0721 | 0973 | 1283 | 1692 | 2256
356 0.1 0042 | 0087 | 0131 | 0178 | 0226 | 0276 | 0328 | 0382
03 0126 | 0263 | 0414 | 0583 | 0773 | 099 | 1266 | 1613
0.5 0207 | 0444 | 0724 | 1068 | 1519 | 2185 | 3382 | 6219
07 0286 | 0620 | 1066 | 1665 | 2625 | 4590 — —
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TABLE 18-lll-N—DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR
A CENTER LIFT SWELLING CONDITION IN PREDOMINANTLY MONTMORILLONITE CLAY SOIL

(60 PERCENT CLAY)
DIFFERENTIAL SWELL (inch)
x 25.4 for mm
DEPTH 10 VELOCITY OF
CONSTANT MOISTURE Edge Distance Penetration
SUcTION FLOW T
) . 8 for
PERCENT ) congrany |- {Inches/month) x na
CLAY | =3048for | SUCTION <254 for
%) m (oF) momosts | 1# | 2n | am | an | sm | e | 7f. | s
60 3 32 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 0.015 0.031 0.048 0.065 0.082 0.101 0.120 0.140
0.7 0.022 0.044 0.068 0.092 0.119 0.147 0.176 0.209
34 0.1 0.006 0.013 0.019 0.026 0033 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
03 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 32 0.1 0.008 0.015 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 0412 0487
34 01 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
36 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 5574 —— —
7 32 0.1 0.013 0.027 0.041 0.055 0.069 0.083 0.097 0.111
03 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
34 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
Q.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 0407 0474
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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TABLE 18-lli-O—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)
x 25.4 for mm
DEPTH T0 VELOCITY OF
CONSTANT MOISTURE Edge Distance Penetration
SU%TIOII ||FI.(J\'I YT
. X .8 for mm
PERCENT () cONgTaNy |{inches/month)
CLAY x 304.8 for SUCTION x 25.4 tor
(%) mm {pF) mm/month 11. 21t 3t 41t 5ft. 6t 1. 81t
70 3 32 0.1 0004 | 0007 | oom | 0015 | 0019 | 0023 | 0026 0.030
03 0011 | 0022 | 0034 | oos6 | 0057 | 0070 | 0082 0.095
05 0018 | 0037 | 0057 | 0077 | 0008 | 0.20 | 0143 0.167
07 002 | 0052 | 0082 | oai0 | o141 | 0174 | 0210 0.248
34 0.1 0007 | 0015 | 0023 | 0031 | 003 | 0048 | 0056 0.065
0.3 0023 | 0047 | 0072 | 0098 | 0.126 | 0156 | 0.188 0222
05 0038 | 0078 | 0122 | 0471 | 0225 | 0287 | 0358 0.443
07 0052 | 0110 | 0176 | 0251 | 0341 | 0452 | 0600 0814
36 0.1 0018 | 0037 | 0056 | 0077 | 0098 | 0121 | 0145 0.171
03 0054 | 0114 | 0182 | 0262 | 0359 | 0481 | 0648 0.903
05 0088 | 0192 | 0324 | os02 | 0760 | 1258 | 2428 5796
07 0120 | 0273 | 0485 | os21 | 1485 | 3203 | 8234 —
s 32 0.1 0009 | 0017 | 0026 | 0035 | 0044 | 0053 | o062 0.071
03 0026 | 0053 | 0080 | 0107 | 0135 | 0.164 | 0.193 0223
0.5 0044 | 0088 | 034 | 0182 | 0231 | 0.283 | 0336 0392
0.7 0060 | 0123 | 0189 | 0258 | 0331 | 0409 | 0491 0580
34 0.1 0018 | 0036 | 0055 | 0073 | 0092 | o111 | 013 0.151
03 0053 | 0109 | 0167 | 0228 | 0292 | 0360 | 0433 0511
0.5 0088 | 0182 | 0284 | 0395 | 0519 | 0658 | 0818 1.008
0.7 0121 | 0256 | 0406 | 0578 | 0781 | 1.031 | 1.358 1.837
3.6 0.1 0042 | 0086 | 0131 | 0178 | 0227 | 0278 | 0332 0.389
0.3 0123 | 0260 | 0415 | 0594 | 0807 | 1.073 | 1420 1.968
05 0202 | 0441 | 0737 | 1126 | 1698 | 2717 | sa04 11.822
07 0278 | 0627 | 1098 | 1820 | 3199 | 6.640 — —
7 32 0.1 0016 | 0032 | 0040 | 0065 | 0082 | 0008 | 0115 0.132
03 0048 | 0097 | 0148 | 0199 | 0251 | 0305 | 0.359 0415
05 0081 | 0163 | 0249 | 0338 | 0420 | 0525 | 0.624 0.729
0.7 0112 | 0229 | 0351 | 0480 | 0616 | 0759 | 0915 1.081
34 0.1 0032 | 0066 | 0099 | 0134 | 0168 | 0204 | 0240 0276
03 0098 | 0199 | 0306 | 0418 | 0536 | 0661 | 0.794 0.937
05 0162 | 0334 | 052 | 0727 | 0952 | 1207 | Lso1 1.851
07 0224 | 0470 | 0747 | 1063 | 1435 | 1891 | 2492 3383
3.56 0.1 0063 | 0128 | 0194 | 0263 | 0334 | 0407 | 0484 0.563
03 0185 | 0387 | 0609 | 0857 | 1.139 | 1468 | 1865 2376
05 0305 | 0655 | 1067 | 1573 | 2239 | 3219 | 4983 9.162
07 0421 | 0928 | 1569 | 2453 | 3868 | 6.763 — —
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TABLE 18-lil-P—DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR

AN EDGE LIFT SWELLING CONDITION IN PREDOMINANTLY KAOLINITE CLAY SOIL

(30 PERCENT CLAY)
DIFFERENTIAL SWELL (inch)
x 25.4 for mm
DEPTH TO VELOCITY OF
CONSTANT MOISTURE Edge Distance Penetration
SUCTION FLOW 0481
es/m .8 for mm
PERCENT consTANy | {Inches/month) x
CLAY x 304.8 for SUCTION x 25.4 for
(%) mm (oF) mm/month " 21, 3. 4t 5t 6ft. . 8.
30 3 32 0.1 0.001 0.001 0.002 0.002 0.003 0.003 0.004 0.004
03 0.002 0.003 0.004 0.006 0.007 0.009 0.010 0012
05 0.003 0.005 0.007 0.010 0.012 0014 0.017 0.019
0.7 0.004 0.007 0.010 0.013 0.017 0.020 0.023 0.026
34 0.1 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008
03 0.003 0.006 0.009 0.012 0015 0018 0.021 0.024
05 0.005 0.010 0.015 0.020 0.025 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
03 0.008 0.015 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 0.018 0.034 0.048 0.061 0.073 0.084 0.094 0.104
38 0.1 0.006 0.013 0.018 0.024 0.030 0.035 0.040 0.045
03 0.019 0.035 0.050 0.064 0.076 0.088 0.099 0.109
05 0.031 0.056 0.078 0.097 0.114 0.129 0.143 0.156
0.7 0.042 0.075 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
03 0.003 0.007 0.010 0.013 0.016 0.019 0.022 0.025
05 0.006 0.011 0.016 0.021 0.027 0.032 0.037 0.041
0.7 0.008 0.015 0.022 0.030 0.037 0.044 0.050 0.057
34 0.1 0.002 0.005 0.007 0.009 0.012 0.014 0.016 0018
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 0.075 0.084
0.7 0.016 0.032 0.047 0.061 0.075 0.089 0.101 0.114
3.6 0.1 0.006 0.012 0.017 0.023 0.028 0.034 0.039 0.044
0.3 0.018 0.034 0.050 0.065 0.080 0.094 0.107 0.120
05 0.029 0.056 0.081 0.104 0.126 0.147 0.167 0.186
0.7 0.041 0.077 0.110 0.141 0.169 0.195 0.220 0.243
3.8 0.1 0.014 0.028 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 0228 0.270 0.307 0.342 0.374
0.7 0.100 0.178 0.244 0.300 0350 0.395 0.436 0474
7 32 0.1 0.002 0.004 0.006 0.008 0.009 0.011 0.013 0.015
0.3 0.006 0.011 0.017 0.022 0.028 0.033 0.039 0.044
05 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
34 0.1 0.004 0.008 0.012 0016 0.020 0.024 0.028 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 0.115 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
03 0.031 0.061 0.089 0.116 0.142 0.167 0.192 0215
0.5 0.052 0.100 0.145 0.187 0.227 0.264 0.300 0335
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-ll-Q

TABLE 18-l-Q—DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR

AN EDGE LIFT SWELLING CONDITION IN PREDOMINANTLY KAOLINITE CLAY SOIL

{40 PERCENT CLAY)
DIFFERENTIAL SWELL (inch)
x 25.4 for mm
DEPTH TO VELOCITY OF -
CONSTANT MOISTURE Edge Distance Penetration
SUcTIoN FLOW T
. X .3 for mm
PERCENT ) CONSTANT | Inches/manth)
CLAY | x3048for | SUCTION < 25.4 for
%) mm {oF) mmmonth | in. | 2t | sn | an | sw | sn | 7H | 8n
40 3 32 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 0.008 0.010 0.012 0014 0.015
0.5 0.003 0.007 0.010 0.013 0.016 0.019 0.022 0.025
0.7 0.006 0.009 0.014 0.018 0.022 0.026 0.030 0.034
34 0.1 0.001 0.003 0.004 0.006 0.007 0.008 0.010 0.011
0.3 0.004 0.008 0.012 0.016 0.020 0.024 0.028 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 0.028 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 0.108
0.7 0.024 0.045 0.064 0.081 0.098 0.112 0.126 0.139
3.8 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 0.085 0.102 0.118 0.132 0.145
0.5 0.041 0.075 0.14 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 32 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 0.015 0.022 0.029 0.035 0.042 0.049 0.056
0.7 0.010 0.020 0.030 0.040 0.049 0.058 0.067 0.076
34 0.1 0.003 0.006 0.009 0.012 0.016 0.019 0.022 0.025
03 0.009 0.019 0.028 0.037 0.045 0.054 0.062 0.071
Q5 0.016 0.031 0.046 0.060 0.074 0.087 0.100 0.113
0.7 0.022 0.043 0.063 0.082 0.101 0.119 0.136 0.152
3.6 0.1 0.008 0.016 0.023 0.031 0.038 0.045 0.052 0.059
0.3 0.023 0.046 0.067 0.087 0.107 0.126 0.144 0.161
a5 0.039 0.075 0.108 0.140 0.169 0.197 0.223 0.249
a7 0.064 0.103 0.147 0.188 0.226 0.261 0.295 0.326
38 0.1 0.019 0.038 0.056 0.073 0.090 0.106 0.121 0.136
0.3 0.058 0.109 0.156 0.198 0.238 0.275 0.309 0.342
0.5 0.096 0.176 0.245 0.306 0.361 0.411 0.458 0.501
0.7 0.134 0.239 0.326 0.402 0.469 0.529 0.584 0.634
7 32 0.1 0.003 0.005 0.008 0.010 0.013 0.015 0.018 0.020
0.3 0.008 0.015 0.023 0.030 0.037 0.045 0.052 0.059
0.5 0.013 0.025 0.038 0.050 0.062 0.074 0.085 0.097
0.7 0.018 0.035 0.052 0.069 0.085 0.102 0.117 0.133
34 0.1 0.006 0.011 0.016 0.022 0.027 0.032 0.038 0.043
03 0.017 0.033 0.049 0.064 0.080 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 0.11 0.145 0.178 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
03 0.042 0.081 0.119 0.155 0.190 0.224 0.257 0.288
0.5 0.069 0.134 0.194 0.250 0.304 0.354 0.402 0.448
0.7 0.098 0.185 0.266 0.340 0.409 0.473 0.534 0.591
38 0.1 _ _ _ _ — — —_ _
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18-H1-R

1994 UNIFORM BUILDING CODE

TABLE 18-lli-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)
x 25.4 for mm
DEPTH 10 VELOCITY OF
CONSTANT MOISTURE Edge Distance Penetration
SUGHTION " FLOW PTYYY)
. .8 for mm
pencent | ) congTany [ LInches/month) xR olorm
CLAY x 304.8 for SUCTION x 25.4 for
(%) mm mm/month 1H. 21t 3. 4. 5ft. 8ft. 7. 8ft.
50 3 32 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 0017 0.019
05 0.004 0.008 0.012 0.016 0.020 0.024 0.028 0.032
0.7 0.006 0.012 0.017 0.023 0.028 0.033 0.038 0.043
34 0.1 0.002 0.004 0.005 0.007 0.009 0.011 0.012 0.014
0.3 0.005 0.011 0.016 0021 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 0012 0.024 0.035 0.046 0.056 0.066 0.075 0.084
36 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 0.075
0.3 0.032 0.059 0.084 0.107 0.128 0.147 0.165 0.182
05 0.052 0.094 0.130 0.162 0.191 0217 0.240 0.262
0.7 0.071 0.126 0.171 0210 0.244 0275 0.302 0328
5 3.2 0.1 0.002 0.004 0.006 0.007 0.009 0.011 0.013 0.015
03 0.006 0.011 0.016 0.022 0.027 0.032 0.037 0.043
0.5 0.009 0.018 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
34 0.1 0.004 0.008 0.012 0.016 0.019 0.023 0.027 0.031
0.3 0.012 0.023 0.035 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
36 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 0212 0.247 0.280 0312
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
03 0072 0.137 0.195 0.249 0.298 0.344 0.387 0.428
05 0.120 0.220 0.307 0.384 0453 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
05 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 0222 0250
0.7 0.048 0.095 0.139 0.182 0.223 0.263 0.302 0339
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 0322 0.361
0.5 0.087 0.168 0.243 0314 0381 0444 0.504 0.562
0.7 0.122 0.232 0.333 0426 0.512 0.593 0.669 0.741
3.8 0.1 — — — — — — — —
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1994 UNIFORM BUILDING CODE

18-lI-S

TABLE 18-lll-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 25.4 for mm
DEPTH T0 VELOCITY OF "
CONSTANT MOISTURE Edge Distance Penetration
smi;l’ 10N FLOW 0081
. x 304.8 for mm
PERCENT () CoNsTANT | {inches/month)
CLAY x 304.8 for SUCTION x 25.4 for
(%) mm (pF) mm/month 11, 21. 3t af. 5ft. 61t 71t 81t.
60 3 32 0.1 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008
03 0.003 0.006 0.009 0.012 0.015 0.018 0.021 0.023
0.5 0.005 0.010 0.015 0.020 0.024 0.029 0.033 0.038
0.7 0.007 0.014 0.021 0.027 0.033 0.040 0.046 0.052
34 0.1 0.002 0.004 0.006 0.009 0.011 0.013 0.015 0.017
03 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 0.015 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 0.025 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
38 0.1 0.013 0.025 0.037 0.049 0.059 0.070 0.080 0.090
0.3 0.038 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
S 32 0.1 0.002 0.004 0.007 0.009 0.011 0.013 0.015 0.017
03 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 0.015 0.031 0.045 0.060 0.074 0.088 0.101 0.115
34 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 0.035 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
38 0.1 0.029 0.057 0.084 0.110 0.135 0.159 0.183 0.206
03 0.087 0.164 0.235 0.299 0.358 0414 0.466 0.515
05 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 32 0.1 0.004 0.008 0.011 0.015 0.019 0.023 0.027 0.030
03 0.011 0.023 0.034 0.045 0.056 0.067 0.078 0.089
05 0.019 0.038 0.057 0.075 0.093 0.111 0.128 0.146
07 0.027 0.053 0.079 0.104 0.129 0.153 0.177 0.201
34 0.1 0.008 0.017 0.025 0.033 0.041 0.049 0.057 0.065
03 0.025 0.049 0.073 0.097 0.120 0.143 0.165 0.187
05 0.042 0.082 0.121 0.159 0.196 0.232 0.267 0.301
0.7 0.058 0.114 0.167 0219 0.268 0.316 0.363 0.408
36 0.1 0.021 0.041 0.061 0.081 0.101 0.120 0.139 0.158
03 0.063 0.122 0.179 0.234 0.287 0.338 0.387 0.434
0.3 0.105 0.201 0.292 0377 0.457 0.534 0.606 0.675
0.7 0.147 0279 0.400 0512 0.616 0.713 0.804 0.891
338 0.1 — — — — — — — _
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18-Ii-T 1994 UNIFORM BUILDING CODE

TABLE 18-lll-T—DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR
AN EDGE LIFT SWELLING CONDITION IN PREDOMINANTLY KAOLINITE CLAY SOIL

(70 PERCENT CLAY)
DIFFERENTIAL SWELL (inch)
x 25.4 for mm
DEPTH T0 VELOCITY OF
CONSTANT MOISTURE Edge Distance Penetration
SU%TION ' FLOW 0481
. x 304.8 for mm
pencent |— (1) CoNsTANT [ {Inches/month)
CLAY x 304.8 for SUCTION x 25.4 for

(%) mm {sF) mm/month 11t 21t 3. 4ft. 5ft. 61t 7. 81t.
70 3 32 0.1 0.001 0.002 0.004 0.005 0.006 0.007 0.008 0.009
03 0.004 0.007 0.011 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
34 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 0.078 0.088
0.7 0.017 0.034 0.049 0.064 0.079 0.092 0.106 0.118
3.6 0.1 0.006 0.012 0.018 0.024 0.030 0.035 0.041 0.046
03 0.018 0.036 0.052 0.068 0.083 0.097 0.111 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 0222 0.245
3.8 0.1 0.015 0.030 0.043 0.057 0.069 0.082 0.094 0.105
03 0.044 0.083 0.119 0.150 0.180 0.207 0.232 0.256
0.5 0.072 0.132 0.183 0.228 0.268 0.304 0338 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 0.018 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 0.038 0.050 0.062 0.074 0.086 0.098
0.7 0.018 0.036 0.053 0.070 0.086 0.103 0.119 0.134
3.4 0.1 0.006 0.011 0.017 0.022 0.027 0.033 0.038 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
36 0.1 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 0259 0.33t 0.398 0.460 0518 0.574
3.8 0.1 0.034 0.067 0.098 0.128 0.158 0.186 0213 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 0235 0.420 0.575 0.708 0.826 0.932 1.028 1117
7 3.2 0.1 0.005 0.009 0.013 0.018 0.022 0.027 0.031 0.035
03 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
34 0.1 0.010 0.019 0.029 0.038 0.048 0.057 0.066 0.076
03 0.029 0.058 0.086 0.113 0.140 0.167 0.193 0218
0.5 0.048 0.095 0.141 0.185 0.228 0.270 0311 0.351
0.7 0.068 0.133 0.195 0.256 0314 0.370 0.424 0476
3.6 0.1 0.024 0.048 0.072 0.095 0.115 0.140 0.162 0.184
03 0.073 0.143 0.209 0.274 0335 0.395 0452 0.508
05 0.122 0.235 0.341 0441 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-ll-U

TABLE 18-lll-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)

x 25.4 for mm
DEPTH TO VELOCITY OF .
CONSTANT MOISTURE Edge Distance Penetration
SU(;;I'ION FLOW YY)
X ji .8 for mm
PERCENT ) coNgTANT | inches/moath) X
CLAY x 304.8 for SUCTION x 25.4 for

(%) mm (PF) mm/month 1. 2. 3. af. 51t 61t . 8t
30 3 32 0.1 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008
03 0.003 0.006 0.009 0.012 0.015 0.017 0.020 0.023
0.5 0.006 0.010 0.015 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
34 0.1 0.002 0.004 0.006 0.008 0.010 0.013 0.015 0.017
0.3 0.006 0.013 0.019 0.025 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 0.015 0.029 0.042 0.054 0.067 0.078 0.089 0.100
3.6 0.1 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.039
03 0.016 0.030 0.044 0.057 0.070 0.082 0.094 0.105
Q05 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
38 0.1 0.013 0.025 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 0217
05 0.061 0.112 0.155 0.193 0.227 0.258 0.286 0312
0.7 0.084 0.149 0.203 0.250 0.290 0.327 0.360 0.390
5 32 0.1 0.002 0.004 0.007 0.009 0.011 0.013 0.015 0.017
03 0.007 0.013 0.019 0.026 0.032 0.038 0.045 0.051
0.5 0.011 0.022 0.032 0.043 0.053 0.063 0.073 0.083
0.7 0.015 0.030 0.045 0.059 0.073 0.087 0.100 0.114
34 0.1 0.005 0.009 0.014 0.019 0.023 0.028 0.032 0.037
0.3 0014 0.028 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
36 0.1 0.012 0.023 0.034 0.046 0.056 0.067 0.078 0.088
0.3 0.035 0.068 0.100 0.130 0.159 0.187 0214 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
38 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 32 0.1 0.004 0.008 0.011 0.015 0019 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 0.11¢ 0.127 0.144
0.7 0.027 0.052 0.078 0.103 0.127 0.152 0.176 0.198
34 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 0.09 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
36 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 0334 0.383 0.430
05 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 — — — — _ _ _ _
2-101




18-il-v 1994 UNIFORM BUILDING CODE

TABLE 18-lll-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)
x 25.4 for mm
DEPTH TO VELOCITY OF
CONSTANT MOISTURE Edge Distance Penetration
SUCJ ION FLOW 30401
2 .8 for mm
PERCENT (") coNgTANT | (Inehes/month) x
CLAY x 304.8 for SUCTION x 25.4 for
(%} mm (pF) mm/month 11 21t 3ft. 4ft. 5ft. 6t 71t 81t
40 3 32 0.1 0.001 0.003 0.004 0.006 0.007 0.009 0.010 0.011
03 0.004 0.009 0.013 0.017 0.021 0.025 0.029 0.033
05 0.007 0.014 0.021 0.028 0.035 0.041 0.048 0.054
0.7 0.010 0.020 0.029 0.039 0.048 0.057 0.065 0.074
34 0.1 0.003 0.006 0.009 0.012 0.015 0.018 0.021 0.024
0.3 0.009 0.018 0.027 0.035 0.044 0.052 0.060 0.068
05 0.015 0.030 0.044 0.058 0.071 0.083 0.096 0.108
07 0.021 0.041 0.060 0.079 0.096 0.113 0.129 0.145
3.6 0.1 0.008 0.015 0.022 0.029 0.036 0.043 0.050 0.057
03 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
38 0.1 0.019 0.036 0.053 0.069 0.085 0.100 0.115 0.129
03 0.054 0.102 0.145 0.184 0.220 0.253 0.284 0313
0.5 0.088 0.161 0.224 0.278 0.328 0372 0413 0451
0.7 0.122 0216 0.294 0.360 0.419 0472 0.519 0.563
5 32 0.1 0.003 0.006 0.009 0.013 0.016 0.019 0.022 0.025
03 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
03 0.020 0.040 0.060 0.079 0.097 0.116 0.134 0.152
05 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 0217 0.255 0.292 0.328
36 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 0233 0.300 0.364 0.424 0.481 0.535
0.7 0.117 0.222 0317 0.405 0.487 0.563 0.634 0.701
38 0.1 0.042 0.082 0.120 0.157 0.193 0.228 0.261 0.294
03 0.124 0.235 0.335 0.427 0.512 0.591 0.665 0.735
05 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 1.139 1.257. 1.366
7 32 0.1 0.005 0.011 0.016 0.022 0.027 0.033 0.038 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 0219 0.253 0.286
34 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
03 0.089 0.175 0.256 0.335 0410 0.483 0.553 0.621
0.5 0.149 0.288 0417 0.539 0.654 0.762 0.866 0.965
0.7 0210 0.399 0.572 0.731 0.880 1.019 1.149 1.273
38 0.1 — — —_ — — — — _
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1994 UNIFORM BUILDING CODE

18-l-W

TABLE 18-lil-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 25.4 for mm
DEPTH T0 VELOCITY OF
CONSTANT MOISTURE Edge Distance Penetration
sucTion FLOW T
. X .8 1or mm
PERCENT () consTany | (inches/month)
CLAY | x3048for | SUCTION < 254100

%) mm #F) mmmonth | 1f. | 28 | 3w | 4an | sm | en | 7R | s8R
50 3 32 0.1 0.002 0.004 0.006 0.008 0.009 0.011 0.013 0.015
0.3 0.006 0.011 0.017 0.022 0.028 0.033 0.038 0.044
0.5 0.009 0.019 0.028 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
34 0.1 0.004 0.008 0.012 0.016 0.020 0.024 0.027 0.031
0.3 0.012 0.024 0.035 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 0.028 0.054 0.079 0.103 0.126 0.148 0.169 0.189
36 0.1 0.010 0.020 0.029 0.038 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
38 0.1 0.024 0.047 0.069 0.09] 0.111 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 0.116 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 32 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
34 0.1 0.009 0.018 0.026 0.035 0.044 0.052 0.061 0.069
03 0.027 0.052 0.078 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 0318
0.7 0.062 0.121 0.177 0.231 0.283 0.334 0.382 0.429
36 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 0.454
0.5 0.109 0.211 0.305 0.393 0.476 0.554 0.629 0.700
0.7 0.153 0.290 0.415 0.530 0.636 0.736 0.829 0917
38 0.1 0.054 0.107 0.157 0.205 0.252 0.297 0.341 0.384
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 32 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
34 0.1 0.015 0.031 0.046 0.061 0.076 0.091 0.106 0.121
0.3 0.046 0.092 0.137 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
36 0.1 0.039 0.077 0.115 0.152 0.188 0.224 0.259 0.294
03 0.117 0228 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

38 0.1 _ Z — _ _ _ _ _
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18-Hi-X 1994 UNIFORM BUILDING CODE

TABLE 18-1ll-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)
x 25.4 for mm
DEPTH TO VELOCITY OF
CONSTANT MOISTURE Edge Distance Penetration
su%nuu FLOW YET
. .8 for mm
PERCENT ) congTANT |-{Inches/month) x
CLAY x 304.8 for SUCTION x 25.4 tor

(%) mm (oF) mm/month 1. 21t 3N, an. 51, 6t 7H. 3.
60 3 32 0.1 0002 | 0005 | 0007 | 0009 | 0012 | 0014 | 0016 | o018
03 0007 | 0014 | 0021 | 0027 | 0034 | 0041 | 0047 | 0054
05 0012 | 0023 | 0034 | 0045 | 0056 | 0067 | 0077 | 0.087
07 0016 | 0032 | 0047 | 0062 | 0077 | 0092 | 0106 | 0.119
34 0.1 0005 | 0010 | 0015 | 0020 | 0024 | 0029 | 0034 | 003
03 0015 | 0029 | 0043 | 0057 | 0071 | 0084 | 0097 | 0.110
05 0025 | o048 | 0071 | 0093 | o114 | o135 | ouss | o7
0.7 0034 | 0067 | 0097 | 0127 | o155 | o182 | 0208 | 0234
36 0.1 0012 | 0024 | 0036 | 0047 | 0059 | 0070 | 0081 | 0092
03 003 | 0070 | 0103 | 0134 | 0164 | 0192 | 0219 | 0245
05 0060 | 0114 | 0165 | 0212 | 0256 | 0297 | 0337 | 0374
07 0083 | 0156 | 0223 | 0283 | 0339 | 0391 | 0439 | 0.485
38 0.1 0030 | 0058 | 0086 | 0112 | 0137 | 0162 | 0185 | 0208
03 0088 | 0165 | 0234 | 0297 | 0355 | 0409 | 0459 | 0506
05 0.143 | 0260 | 0361 | 0450 | 0529 | 0601 | 0667 | 0.728
0.7 0.9 | 0348 | 0474 | 0582 | 0677 | 0761 | 0838 | 0909
5 32 0.1 0005 | 0010 | 0015 | 002 | 0025 | 0030 | 0035 | 0040
03 0015 | 0030 | 0045 | 0060 | 0075 | 0089 | 0104 | 0.118
05 0025 | 0050 | 0075 | 0099 | 0123 | 0147 | 0170 | 0193
07 0036 | 0070 | 0104 | 0138 § 0.171 | 0203 | 0234 | 0265
3.4 0.1 0011 | 0022 | 0033 | 0043 | 0054 | 0064 | 0075 | 0085
03 0033 | 0065 | 0096 | 0127 | 0157 | 0187 | 0216 | 0245
05 0055 | 0.107 | 058 | 0208 | 0256 | 0303 | 0348 | 0393
07 0076 | 0149 | 0219 | 0286 | 0350 | 0412 | 0472 | 0530
36 01 0027 | 0054 | 0080 | 0106 | 0132 | 0157 | 0181 | 0206
03 008! | 0159 | 0233 | 0303 | 0371 | 0437 | 0500 | 0561
0.5 0135 | 0260 | 0376 | 0485 | 0588 | 0685 | 0777 | 0864
07 0189 | 0358 | 0512 | 0654 | 0786 | 0908 | 1024 | 1.133
38 0.1 0067 | 0132 | 0194 | 0254 | 0311 | 0367 | 0422 | 0474
03 020t | 0379 | 0541 | 06% | 0827 | 0955 | 1074 | 1187
05 0333 | 0611 | 0851 | 1064 | 1255 | 1430 | 1591 | 1.740
0.7 0465 | 0830 | 135 | 1398 | 1631 | 1840 | 2030 | 2205
7 32 0.1 0009 | 0018 | 0026 | 0035 | 0044 | 0052 | 0061 | 0070
03 0026 | 0053 | 007 | o104 | 0130 | 0155 | 0180 | 0205
0.5 0044 | 0088 | 0130 | 0173 | 0214 | 0255 | 0296 | 0336
0.7 0062 | 0122 | 0.82 | 0240 | 0297 | 0353 | 0408 | 0.463
34 0.1 0019 | 0038 | 0057 | 0076 | 0094 | 0113 | 0131 | 0.149
03 0057 | 0114 | 0165 | 0223 | 0276 | 0329 | 0380 | 0431
05 009 | 0188 | 0278 | 0366 | 0451 | 0534 | 0615 | 0694
0.7 0134 | 0263 | 038 | 0505 | 0619 | 0730 | 0837 | 0541
3.6 0.1 0048 | 0095 | 0.141 | 0187 | 0232 | 0277 | 0320 | 0364
0.3 0144 | 0282 | 0414 | 0540 | 0662 | 0779 | 0893 | 1.002
05 0241 | 0465 | 0674 | 0870 | 1055 | 1231 | 1398 | 058
07 0339 | 0644 | 0924 | 1181 | 1421 | 1645 | 1856 | 2055

38 0.1 _ — _ _ — — — —
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1994 UNIFORM BUILDING CODE

18-lil-Y

TABLE 18-lil-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)

x 25.4 for mm
DEPTH TO VELOCITY OF N .
CONSTANT MOISTURE Edge Distance Penetration
SU(;lT 10N FLOW PYYRY
N X .8 for mm
PERCENT ) congTaNT |- inches/month)
CLAY x 304.8 for SUCTION x 25.4 for

(%) mm (nF) mm/month 1M 2. 3f. an 5tt. Git. 7M. 8tt.
70 3 32 0.1 0.003 0.006 0.008 0.011 0.014 0.017 0.019 0.022
0.3 0.008 0.017 0.025 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
34 0.1 0.006 0.012 0.018 0.023 0.029 0.035 0.040 0.046
0.3 0.018 0.035 0.052 0.068 0.084 0.100 0.115 0.130
05 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 0217 0.248 0.278
3.6 0.1 0.015 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 0229 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
38 0.1 0.036 0.070 0.102 0.133 0.163 0.192 0.220 0247
03 0.104 0.196 0.279 0354 0.422 0.486 0.546 0.602
0.5 0.170 0310 0.430 0.535 0.630 0.715 0.794 0.866
0.7 0234 0415 0.564 0.692 0.805 0.906 0.998 1.082
5 32 0.1 0.006 0.012 0018 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
34 0.1 0.013 0.026 0.039 0.052 0.064 0.077 0.089 0.102
03 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 0216 0.245
03 0.097 0.189 0.277 0.361 0.442 0.520 0.595 0.667
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 1219 1.348
38 0.1 0.080 0.157 0.231 0302 0.371 0437 0.502 0.564
0.3 0.239 0.452 0.644 0.821 0.984 1.136 1.279 1413
0.5 0.396 0727 1.013 1.266 1.494 1.702 1.804 2,072
0.7 0.563 0.988 1.351 1.664 1.941 2.190 2.417 2,625
7 32 0.1 0.011 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 0215 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 0216 0.285 0.354 0.420 0.486 0.551
34 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 0329 0.391 0.453 0.513
0.5 0.114 0224 0.331 0.436 0.537 0.636 0.732 0.826
0.7 0.160 0313 0.459 0.601 0.737 0.869 0.996 1.120
36 0.1 0.057 0.113 0.168 0.223 0276 0329 0.381 0.433
0.3 0.172 0335 0.492 0.643 0.788 0.928 1.063 1.193
05 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 2209 2.447

38 0.1 — — — — — — — —
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18-lll-Z 1994 UNIFORM BUILDING CODE

TABLE 18-lll-Z—DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR
AN EDGE LIFT SWELLING CONDITION IN PREDOMINANTLY MONTMORILLONITE CLAY SOIL

(30 PERCENT CLAY)
DIFFERENTIAL SWELL (inch)
x 25.4 for mm
DEPTH TO VELOCITY OF _
CONSTANT MOISTURE Edge Distance Penetration
SU(ilT 10N FLOW YR
- .8 for mm
percent |— ) cONSTANT |- (Inchos/month) X
CLAY x 304.8 for SUCTION x 25.4 for

{%) mm (pF) mm/month 14 21l 3ft. 41t St 6ft. 7. 8ft.
30 3 32 0.1 0.001 0002 | 0.004 0.005 0.006 0.007 0.008 0.009
03 0.004 0.007 0010 | 0014 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 0.053 0.060
34 0.1 0.003 0.005 0.007 0010 | 0012 0.015 0.017 0.019
0.3 0.007 0.015 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 0.078 0.088
0.7 0.017 0.034 0.049 0.064 0.078 0.092 0.105 0.118
36 0.1 0.006 0.012 0.018 0.024 0.030 0.035 0.041 0.046
0.3 0.018 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 0222 0.245
38 0.1 0015 0.030 | 0.043 0.057 0.069 0.082 0.093 0.105
03 0.044 0.083 0.118 0.150 0.179 0.206 0.232 0.255
05 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 0.018 0.020
03 0.008 0.015 0.023 0.030 0.038 0.045 0.053 0.060
0.5 0.013 0026 | 0038 0.050 0.062 0.074 0.086 0.098
0.7 0.018 0.036 0.053 0.070 0.086 0.102 0.118 0.134
34 0.1 0.006 0.011 0.016 0.022 0.027 0.033 0.038 0.043
0.3 0.017 0.033 0.049 0.064 0.080 0.095 0.109 0.124
0.5 0.028 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
36 0.1 0.014 0.027 0.041 0.054 0.066 0.079 0.092 0.104
03 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 0517 0.572
3.8 0.1 0.034 | 0.067 0.098 0.128 0.157 0.186 0213 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 0419 | 0573 0.706 0.824 0.929 1.025 1114
7 3.2 0.1 0.004 0.009 0.013 0.018 0.022 0.027 0.031 0.035
0.3 0.013 0.027 0.040 0.053 0.066 0.078 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
34 0.1 0.010 0.019 0.029 0.038 0.048 0.057 0.066 0.075
0.3 0.029 0.057 0.085 0.113 0.140 0.166 0.192 0218
0.5 0.048 0.095 0.141 0.185 0.228 0.270 0311 0.361
0.7 0.068 0.133 0.195 0.255 0313 0.369 0.423 0475
16 0.1 0.024 0.048 0.071 0.095 0.117 0.140 0.162 0.184
03 0.073 0.142 0.209 0.273 0.334 0.394 0.451 0.506
0.5 0.122 0235 0.340 0.439 0.533 0622 0.706 0.787
0.7 0.171 0.326 0.466 0.597 0.718 0.831 0937 1.038

3.8 0.1 — — — — — — — _
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1994 UNIFORM BUILDING CODE

18-lli-AA

TABLE 18-lll-AA—DIFFERENTIAL SWELL OCCURRING AT THE PERIMETER OF A SLAB FOR
AN EDGE LIFT SWELLING CONDITION IN PREDOMINANTLY MONTMORILLONITE CLAY SOIL

(40 PERCENT CLAY)
DIFFERENTIAL SWELL (inch)
x 25.4 for mm
DEPTH TO VELOCITY OF N
CONSTANT MOISTURE Edge Distance Penetration
suc"ﬂon ; FLOW Y
X .8 for mm
PERCENT ) coNSTANT |- {inches/month) x
CLAY x 304.8 for SUCTION x 26.4 for

(%) mm (PF) mm/month 14 21t. 3n. &1t 5tt. 6 ft. . 8.
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 0.015 0.020 0.025 0.030 0.035 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
34 0.1 0.004 0.007 0.011 0.014 0.018 0.021 0.025 0.028
03 0.011 0.021 0.032 0.042 0.052 0.061 0.071 0.080
0.5 0.018 0.035 0.052 0.068 0.084 0.099 0.113 0.128
0.7 0.025 0.049 0.071 0.093 0.114 0.133 0.153 0.171
36 0.1 0.009 0.018 0.026 0.035 0.043 0.051 0.059 0.067
03 0.027 0.052 0.075 0.098 0.120 0.141 0.160 0.180
0.5 0.044 0.084 0.121 0.155 0.187 0218 0.246 0.274
0.7 0.061 0.114 0.163 0.207 0.248 0.286 0.321 0.355
38 0.1 0.022 0.043 0.063 0.082 0.100 0.118 0.135 0.152
03 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 0614 0.665
5 32 0.1 0.004 0.007 0.011 0.015 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

05 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 0.078 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 0.078 0.096 0.115 0.133 0.150
03 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
38 0.1 0.049 0.096 0.142 0.186 0.228 0.269 0.309 0.347
03 0.147 0278 0.396 0.505 0.605 0.699 0.786 0.869
05 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
03 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 0217 0.258 0.299 0.339
34 0.1 0.014 0.028 0.042 0.055 0.069 0.083 0.09 0.109
03 0.042 0.083 0.124 0.163 0.202 0.241 0.278 0.316
05 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
03 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 0472 0.676 0.864 1.040 1.204 1.358 1.504

38 0.1 — — — — — — — _
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TABLE 18-lil-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 25.4 for mm
DEPTH TO VELOCITY OF
CONSTANT MOISTURE Edge Distance Penetration
SU(i‘T 10N FLOW ITYRY
X .8 for mm
peRcent [ ) coNgTANT | {Inches/month) x
CLAY x 304.8 for SUCTION x 25.4 for

(%) mm (pF) mm/month 11t 21ft. 3ft. 4ft. 5t 6fi. TH. 81t
50 3 32 0.1 0.002 | 0004 | 0.007 0.009 0.011 0.013 0.015 0.018
03 0.007 0013 | 0020 | 0026 | 0033 0.039 | 0045 0.052
0.5 0.011 0.022 | 0033 0.043 0.054 0064 | 0074 | 0084
0.7 0.016 0.031 0.045 0060 | 0074 | 0088 0.101 0.115
34 0.1 0.005 0009 | 0014 0.019 | 0023 0.028 0.032 0.037
03 0014 | 0028 | 0042 | 0055 0.068 0.080 | 0.093 0.105
0.5 0024 | 0046 | 0068 0.089 | 0.109 0129 | 0.148 0.167
0.7 0.033 0064 | 0093 0.122 0.149 0.175 0200 | 0224
3.6 0.1 0012 | 0023 0.034 0.045 0.056 | 0.067 0077 | 0.088
03 0.035 0.068 0.099 0.128 | 0.157 0.184 | 0210 | 0235
0.5 0.057 0.110 0.158 0.203 0.245 0.285 0.323 0.358
0.7 0.079 0.150 | 0213 0.271 0.325 0375 0.421 0.465
38 0.1 0.029 0.056 | 0.082 0.107 | 0132 | 0.155 0.177 0.199
03 0084 | 0158 | 0224 | 0.285 0340 | 0392 | 0440 | 0485
0.5 0.137 0250 | 0346 | 0431 0.507 0576 | 0639 0.698
0.7 0.188 0334 | 0454 | 0558 0.649 0730 | 0804 | 0871
5 32 0.1 0.005 0.010 | 0015 0.019 0024 | 0029 0.034 0.039
0.3 0.015 0020 | 0044 | 0058 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 0034 | 0067 [ 0100 | 0132 | 0.163 0.194 | 0224 0.254
34 0.1 0.011 0.021 0.031 0.041 0.052 0062 | 0072 0.082
0.3 0.031 0062 | 0092 0.122 0.151 0.179 | 0.207 0.235
0.5 0052 | 0.103 0.152 0.199 | 0.245 0290 | 0334 0.376
0.7 0.073 0.143 0210 | 0274 0.335 0.395 0.452 0.508
36 0.t 0026 | 0052 0.077 0.102 | 0.126 0.150 | 0174 | 0.197
03 0.078 0152 | 0223 0.291 0.356 0419 | 0479 | 0538
0.5 0130 | 0249 | 0.361 0.465 0.563 0.656 | 0.745 0.829
0.7 0.181 0.343 0.491 0.627 | 0753 0.871 0.981 1.086
3.8 0.1 0064 | 0126 | 0.186 | 0.243 0.299 0.352 0.404 0.454
03 0.192 | 0364 | 0519 | 0.661 0.793 0.915 1.030 1.138
05 0319 | 0585 | 0816 1.020 1.204 1371 1.525 1.668
0.7 0.445 0.796 1.088 1.340 1.563 1.764 1.946 2114
7 32 0.1 0.008 | 0017 | 0025 0034 | 0042 0.050 | 0.059 0.067
0.3 0.025 0050 | 0075 0.100 | 0.125 0.149 0.173 0.197
05 0042 | 0084 | 0125 0.165 0.205 0.245 0.284 0.322
0.7 0059 | o117 [ 0174 | 0230 | 0285 0.339 0.391 0.443
34 0.1 0.018 0.037 | 0055 0.073 0.090 0.108 0.126 | 0.143
0.3 0.055 0109 | 0.162 0214 | 0265 0.315 0.365 0.413
0.5 0.092 0.181 0.267 0.351 0.433 0512 059 | 0665
0.7 0.129 0.252 0370 | 0484 | 0594 | 0700 | 0.802 0.902
36 0.1 0046 | 0.091 0.136 0179 | 0.223 0265 | 0307 0.349
0.3 0.138 0270 | 0397 0518 | 0.635 0747 | 0856 | 0.961
0.5 0.231 0446 | 0646 | 0834 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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18-l-CC

TABLE 18-ll-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 (inch)
x 25.4 for mm
DEPTH TO VELOCITY OF - -
CONSTANT MOISTURE Edge Distance Penetration
SUCTIoN FLOW T
. .4 for mm
PERCENT ) consTaNy | (Inches/manth) X
CLAY | =3048for | SUCTION < 25.4 for
) mm {oF) mmmonth | 1#. | 2n | am | 4t | su | en | 7n | 8
60 3 32 0.1 0.003 0.006 0.008 0.011 0.014 0.016 0.019 0.022
03 0.008 0.016 0.025 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
34 0.1 0.006 0.012 0.017 0.023 0.029 0.035 0.040 0.046
0.3 0.018 0.035 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
36 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 0.035 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 0413 0.562 0.690 0.802 0.903 0.994 1.077
5 32 0.1 0.006 0.012 0.018 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
34 0.1 0.013 0.026 0.039 0.051 0.064 0.076 0.089 0.1
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 0.33%9 0.415 0.488 0.559 0.628
36 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 2407 2.614
7 32 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 0419 0.484 0.548
34 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
03 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
38 0.1 —_ — — — — — — —
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TABLE 18-I1-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)
x 25.4 for mm
DEPTH T0 VELOCITY OF
CONSTANT MOISTURE Edge Distance Penetration
SUCTION FLOW I
X .8 for mm
PERCENT ) constany [ {inches/manth) x
CLAY x 304.8 for SUCTION x 25.4 for
(%} mm (pF) mm/month 1. 21t 3ft. 4aft. 5fi. 61t 7ft. 8fi.
70 3 32 0.1 0.003 0.007 0.010 0.013 0.016 0.020 0.023 0.026
03 0.010 0.020 0.029 0.039 0.048 0.058 0.067 0.076
05 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
34 0.1 0.007 0.014 0.021 0.028 0.034 0.041 0.048 0.054
03 0.021 0.041 0.061 0.081 0.100 0.118 0.137 0.155
05 0.035 0.068 0.100 0.131 0.161 0.190 0219 0.246
0.7 0.048 0.094 0.138 0.179 0219 0.258 0.294 0330
3.6 0.1 0.017 0.034 0.051 0.067 0.083 0.099 0.114 0.129
03 0.051 0.099 0.145 0.189 0.231 0271 0310 0.347
05 0.084 0.162 0.233 0.299 0.361 0.420 0475 0.528
0.7 0.117 0.221 0314 0.400 0479 0.552 0.620 0.684
38 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 0577 0.648 0.714
0.5 0.202 0.368 0510 0.635 0.747 0.849 0.942 1.028
0.7 0277 0.492 0.669 0.822 0.955 1.075 1.184 1.284
5 32 0.1 0.007 0.014 0022 0.029 0.036 0.043 0.050 0.057
0.3 0022 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 0374
34 0.1 0.015 0.031 0.046 0.061 0.076 0.091 0.106 0.121
03 0.046 0.092 0.136 0.179 0222 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 0210 0.309 0.403 0.494 0.582 0.666 0.748
36 0.1 0.038 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 0367 0.531 0.685 0.830 0.967 1.097 1221
0.7 0267 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
03 0.283 0.536 0.764 0974 1.168 1.348 1517 1.677
0.5 0.470 0.862 1.262 1.502 1.773 2.020 2247 2.458
0.7 0.656 1172 1.603 1.974 2.303 2.598 2.867 3.114
7 32 0.1 0.012 0.025 0.037 0.050 0.062 0.074 0.086 0.098
03 0.037 0.074 0.111 0.147 0.183 0219 0.255 0.290
05 0.062 0.124 0.184 0244 0.303 0.361 0.418 0.475
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 0315 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 0.18% 0.371 0.545 0.713 0.875 1.031 1.182 1329
36 0.1 0.068 0.134 0.200 0.264 0328 0.391 0.453 0.514
03 0.204 0.398 0.584 0.763 0.935 1.101 1.261 1413
0.5 0341 0.656 0.951 1.229 1.490 1.739 1975 2.200
0.7 0.479 0.910 1304 1.668 2.006 2.323 2.621 2,903
38 0.1 — — — — — — _ —
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0.5
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1994 UNIFORM BUILDING CODE 18-il-EE
TABLE 18-lll-EE—COMPARISON OF METHODS OF DETERMINING
CATION EXCHANGE CAPACITY
CATION EXCHANGE CAPACITY (meq/100gm)
SOIL SAMPLE ATOMIC ABSORPTION SPECTROPHOTOMETER!
01-01 21.1 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
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TABLE 18-1ll-FF—COMPARISON OF CLAY MINERAL DETERMINATION METHODS

ATTERBERG
LIMITS C.E.C. (meq./100 gm) CEAc PREDOMINANT CLAY MINERAL
SOIL PERCENT Flame Correlation Flame Correlation Flame Correlation X-ray Defraction
SAMPLE CLAY PL Pl Photometer Equation AC Photometer Equation Ph Equati Xnalysis
31-02 335 16.5 26.6 28.2 26.6 0.79 0.84 0.80 Smectite Smectite Smectite
72-06 50.0 325 41.8 71.4 58.7 0.84 1.43 1.17 Smectite Smectite Smectite
86-08 47.0 251 36.4 45.0 434 0.77 0.96 0.92 Smectite Smectite Smectite

43-Ni-81
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18-l-9 1994 UNIFORM BUILDING CODE

DETERMINING THE WEIGHTED PLASTICITY INDEX (Pl.)

I—_ Elev. 0.00 Ground Surface -
K 4
PI. 30 =
I_ Elev. 3.0 B Wt. factor = 3
P1. 70 >
= 1— Elev. 5.0 A
&
i 3
=
o Wt. factor = 2
I_ Elev. 9.0
&
PI. 60 le— —~ rElev. 10.0
:ci 5 Wt. factor = 1
-
l’ Elev. 15.0
Elev. 15.0
N\ r
Weight
Factor Depth
F D FXxD PI. FXxDXxPI.
3 9 30 = 270
3 2 6 70 = 420
2 4 8 70 = 560
2 1 2 60 = 120
1 5 _5 60 = 300
30 1670

Weighted PI. = 1670/30 55.67

56

i

FIGURE 18-lI-9
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18-li-11 1994 UNIFORM BUILDING CODE
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FIGURE 18-1il-12—MAXIMUM SLAB TENDON SPACING TO OVERCOME SLAB-SUBGRADE
FRICTION (FRICTION COEFFICIENT = 0.75) AND RETAIN 50 PSi (344.5 kPa) RESIDUAL PRESTRESS

COMPRESSION AT MIDPOINT OF STIFFENED SLAB ON GROUND
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FIGURE 18-Ill-13-—FREE-BODY DIAGRAMS FOR DRAPED BEAM
TENDON AND CONCRETE SECTION
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FIGURE 18-1ll-14—THORNTHWAITE MOISTURE INDEX DISTRIBUTION IN THE UNITED STATES
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FIGURE NO. 18-lll-15-1—THORNTHWAITE MOISTURE INDEX DISTRIBUTION FOR TEXAS
(20-YEAR AVERAGE, 1955-1974)
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1994 UNIFORM BUILDING CODE 18-lll-15-2

FIGURE 18-1lI-15-2-—~THORNTHWAITE MOISTURE INDEX DISTRIBUTION IN CALIFORNIA
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Note: The existence of extremely active clays has
been reported. These clays may generate larger
values of edge moisture variation distance and
" consequently larger values of vertical movement
than reflected by the above curves and related
tables: For this reason, the above curves should
1p be used only in conjunction with a site-specific
soils investigation by geotechnical engineers
knowledgeable about local soils conditions.
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CATION EXCHANGE ACTIVITY, “CEAc”
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FIGURE 18-ill-17—CLAY TYPE CLASSIFICATION TO CATION EXCHANGE
AND CLAY ACTIVITY RATIO AFTER PEARRING AND HOLT
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SOIL SUCTION, pf

NOTE: For practical applications, the maximum value of pF will seldom exceed a magnitude of 3.6.
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FIGURE 18-llI-18—VARIATION OF CONSTANT SOIL SUCTION WITH THORNTHWAITE INDEX
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Chapter 19
CONCRETE

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 concre(e 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 x 7 percent relative humidity at 73.4°F. = 2°F. (23.0°C. = 1.IC.).

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.

CEMENTITIOUS MATERIALS are materials as specified in Section 1903 which have ce-
menting value when used in concrete either by themselves, such as portland cemert or blended hy-
draulic cements, or in combination with fly ash, raw or other calcined natural pozzolans, or ground
granulated blast-furnace slag.

COLUMNN 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 ceraent, fine aggregate,
coarse aggregate and water, with or without admixtures.

CONCRETE, SPECIFIED COMPRESSIVE STRENGTH OF (f), 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'. is 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/m?). 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 provided 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
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 stresses 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.

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 form of a cylindri-
cal helix.

SPLITTING TENSILE STRENGTH (f;) 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” o those in com-
pression members.) See “tie.”

STRENGTH, DESIGN, is the nominal strength multiplied by a strength-reduction factor ¢. 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 c¢f 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.

fy = 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 ccncrete 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 Il, and are part of this code. The other standards listed are
recognized standards. (See Sections 3502 and 3503.)
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:
1. 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 injurious amounts of oils,
acids, alkalis, salts, organic materials or other substances that may be deleterious to concrete or re-
inforcement.

1903.4.2 Mixing water for prestressed concrete or for concrete that will contain aluminum embed-
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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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 £, exceeding 60,000 psi
(413.7 MPa) may be used, provided f; 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.

1903.5.3.3 ASTM A 184, Fabricated Deformed Steel Bar Mats. For reinforced bars used in bar
mats, sece 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 £, exceeding 60,000 psi (413.7
MPa), £, shall be the stress corresponding to a strain of 0.35 percent, if the yield strength 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 f, exceeding 60,000 psi (413.7 MPa), £, shall be the stress corresponding
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 12 inches (305 mm) in direction of calcu-
lated stress, except for wire fabric used as stirrups in accordance with Section 1912.14.

1903.5.3.6 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 £, exceeding 60,000 psi (413.7 MPa), f, shall be the stress corre-
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.

1903.5.3.7 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
ASTM A 615 A616and A617.

1903.5.4.2 For plain wire for spiral reinforcement, sce ASTM A 82 except that for wire with a speci-
fied yield strength f, exceeding 60,000 psi (413.7 MPa), f, shall be the stress corresponding to a
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.

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, Metal Inserts 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 the 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 Sections 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 that 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
ASTM C 31, Making and Curing Concrete Test Specimens in the Field
ASTM C 42, Obtaining and Testing Drilled Cores and Sawed Beams of Concrete
ASTM C 39, Compressive Tests
. ASTM C 172, Sampling Fresh Concrete
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

VP
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2. U.B.C. Standard 19-4, Concrete Made for Volumetric Batching and Continvous 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’ = specified compressive strength of concrete, psi (MPa).

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 £’ 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 shall 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 portland 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 the re-
quirements of Table 19-A-3 or shall be concrete made with a cement that provides sulfate 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.

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 19-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
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.

[ = specified compressive strength of concrete, psi (MPa).
fer = required average compressive strength of concrete used as the basis for selection of con-
crete proportions, psi (MPa).
f.s = 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 strength as prescribed
in Section 1905.3.2, as well as satisfy the durability criteria of Section 1904. Concrete shall be pro-
duced to minimize frequency of strengths below f/, as prescribed in Sectior: 1905.6.3.

1905.1.2 Requirements for f/, shall be based on tests of cylinders made and tested as prescribed in
Section 1905.6.2.

1905.1.3 Unless otherwise specified, f/, shall be based on 28-day tests. If other than 28 days, test
age for f'. shall be as indicated in design drawings or specifications.

Design drawings shall show specified compressive strength of concrete ', 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 f,
corresponding to specified values of f7,.

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:

1. 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 £ 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 that span a period
of not less than 45 calendar days.

1905.3.2 Required average strength.

1905.3.2.1 Required average compressive strength f ¢, 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.

fl = f + 1345 (5-1)
or
fle = f. + 2335 — 500 (5-2)
For SI: flo = fi. + 2335 — 345

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 strength f 7. shall be determined from Table 19-A-6 and documentation of average 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 requirzd 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 f,, 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
strength f%,.
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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 f*;

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 curvz to produce the aver-
age strength required by Section 1905.3.2, unless a lower water-cementitious 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, II-A, III, ITI-A or V; or Type IS, IS-A, IS(MS5), IS-A(MS), I(SM),
I(SM)-A, IP, IP-A, I(PM), I(PM)-A, IP(MS), IP-A(MS), or P of U.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
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 of f/., must exceed specified value of . may be reduced, provided:

1. 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 Section 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 (115 m3) cf concrete, or not less
than once for each 5,000 square feet (465 m2) 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 tests 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
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.
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1905.6.2 Laboratory-cured specimens.
1905.6.2.1 Samples for strength tests shall be taken.
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:

1. Average of all sets of three consecutive strength tests equal or exceed f

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 urder field condi-
tions to check adequacy of curing and protection of concrete in the structure.

1905.6.3.2 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 of £, is less than 85 percent of that of
companion laboratory-cured cylinders. The 85 percent limitation shall not apply if field-cured
strength exceeds f . 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 of f/; 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 structure 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 of f7.

1905.6.4.3 If concrete in the structure will be dry under service conditions, cores shall be air dried
[temperatures 60°F. to 80°F. (15.6°C. to 26.7°C.), relative humidity less than 60 pzrcent] 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 of f. and if no single core is less than 75
percent of f7.. Additional testing of cores extracted from locations representec 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:
1. All equipment for mixing and transporting concrete shall be clean.
All debris and ice shall be removed from spaces to be occupied by corcrete.
Forms shall be properly coated.
Masonry filler units that will be in contact with concrete shall be well drenched.

ARl

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. All laitance and other unsound material shall be removed before additional 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 batching 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:
1. 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/, 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, batching 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 position 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 shall 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 corners 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. (10.0°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 durability at least equiva-
lent to the curing method of Section 1905.11.1 or 1905.11.2.

1905.11.3.4 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 materials 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 Forms shall be substantial and sufficiently tight to prevent leakage of mortar.
1906.1.3 Forms shall be properly braced or tied together to maintain position and shape.

1906.1.4 Forms and their supports shall be designed so as not to damage previously placed struc-
ture.

1906.1.5 Design of formwork 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 form requirements for construction of shells, folded plates, domes, architectural con-
crete or similar types of elements.

1906.1.6 Forms for prestressed concrete members shall be designed and constructed to permit
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 combination with re-
maining forming 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 forming 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 required.

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 Forms shall be removed in such manner as not to impair safety and serviceability of the
structure. All concrete to be exposed by form removal shall have sufficient strength not to be dam-
aged thereby.

1906.2.4 Form 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 building 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 stall not impair signifi-
cantly the strength of the construction.

1906.3.4 Conduits and pipes, with their fittings, embedded within a coluran 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 less than 11/, inches (38 mm)
for concrete exposed to earth or weather, or less 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 laitance removed.

1906.4.2 Immediately before new concrete is placed, all construction joints shail 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 of spans of slabs,
beams and girders. Joints in girders shall be offset a minimum distance of two tirnes the width of
intersecting beams.

1906.4.5 Beams, girders or slabs supported by columns or walls shall not be cast 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 monclithically 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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d, = nominal diameter of bar, wire or prestressing strand, inches (mm).
f, = specified yield strength of nonprestressed reinforcement, psi (MPa).
l; = 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 4d;, extension, but not less than 21/, inches (64
mm) at free end of bar.

1907.1.2 Ninety-degree bend plus 124}, extension at free end of bar.

1907.1.3 For stirrup and tie hooks:

1. No. 5 bar and smaller, 90-degree bend plus 6d), extension at free end of bar, or

2. No. 6, No. 7 and No. 8 bar, 90-degree bend, plus 12dj, extension at free end of bar, or
3. No. 8 bar and smaller, 135-degree bend plus 6d}, 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 44}, 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
shall not be less than 4dj, for deformed wire larger than D6 and 24}, for all other wires. Bends with
inside diameter of less than 8dj, shall not be less than 4dj, 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 CONCRETIZ COVER
d < 8in. (203 mm) + 3/gin. (9.5 mm) —3/gin. (9.5 mm)
d > 8 in. (203 mm) + 15 in. (13 mm) -1y in. (13 mm)

except that tolerance for the clear distance to formed soffits shall be minus !/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/, 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 assembly purposes in
Seismic Zones 0, 1 and 2 may be permitted, provided that data are submitted to the build/ng official to show
that there is no 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 dj, 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 1.5d}, or less than 1!/; inches (38 mm). $ee 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 flexural 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 fiexural members shall
terminate at different points with at least 40d}, stagger.
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1907.6.6.5 Where spacing limitations and minimum concrete cover are based on bar diameter dj, a
unit of bundled bars shall be treated as a single bar of a diameter derived frorn 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 44, for wire, or 3dj, 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 minitnum concrete cover
shall be provided for reinforcement:

MINIMUM COVER,

inches (mm)
1. Concrete cast against and permanently exposed toearth . ......... 3 (76)
2. Concrete exposed to earth or weather:
No. 6throughNo. 18bar ........... ... ... ... ... ... ...... 2(51)
No. 5 bar, W31 or D31 wire, and smaller ................... 11/, (38)

3. Concrete not exposed to weather or in contact with ground:
Slabs, walls, joists:

No.14andNo. I18bar .........oovueeer i, 114 (38)

No. 1l barandsmaller ................................ 314 (19)
Beams, columns:

Primary reinforcement, ties, stirrups, spirals ............... 117, (38)
Shells, folded plate members:

No.6barand larger .................ccovviieunnnno... 314 (19)

No. 5 bar, W31 or D31 wire, and smaller ................. 1/, (13)

1907.7.2 Precast concrete (manufactured under plant control conditions). The following
minimum concrete cover shall be provided for reinforcement:

MINIMUM COVER,

inches (mm)
1. Concrete exposed to earth or weather:
Wall panels:
No.14andNo. 18bar .............cooiuiiiiiniinninn.. 1173 (38)
No.1lbarandsmaller ....................ccovvvn.... 34 (19)
Other members:
No.14andNo. 18bar .............ccoviiviiin. .. 2 (51
No.6throughNo. 11bar .............................. 11/, (38)
No. 5 bar W31 or D31 wire, and smaller .................. 114 (32)
2. Concrete not exposed to weather or in contact with ground:
Slabs, walls, joists:
No.14andNo. 18bar .................cciiiiiiiannn. 14 (32)
No.llbarandsmaller ..................c..cooivii.n. 515 (16)

Beams, columns;
Primary reinforcement ............ ... i, dp, but not less than
513 (16) and need
not exceed 11/5 (38)

Ties, Srrups, spirals .............ooivrininenenn.n... 38 (9.5)
Shells, folded plate members:

No.6barandlarger ..............cooiiiivennniannn . 515 (16)

No. 5 bar, W31 or D31 wire, and smaller ................. 315 (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.

MINIMUM COVER,

inches (mm)
1. Concrete cast against and permanently exposed toearth .......... 3 (76)
2. Concrete exposed to earth or weather:
Wall panels, slabs, joists . ............. i i 1(25)
Othermembers . ........ ..ottt 1t/ (32)
3. Concrete not exposed to weather or in contact with ground: 3
Slabs, walls, joists ......... ... ... i i /4 (19)
Beams, columns: |
Primary reinforcement ................c.0oiiiiiiien... 11/, (38)
Ties, stirrups, spirals . ....... ..ol 1 (25)
Shells, folded plate members:
No. 5 bars, W31 or D31 wire, and smaller ................ 315 (9.5)
Other reinforcement .. ........ ... .. ... .. ... .. i, dy bul not less

than 3/4 (19)

1907.7.3.2 For prestressed concrete members exposed to earth, weather or corrosive 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 2xposure 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 follow:ng:
1907.8.1.1 Slope of inclined portion of an offset bar with axis of column shall not exceed 1 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 trarsfer 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 internal 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 shail not be l2ss than 3/g-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 484}, 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.

2-151



1807.10.4.7-1907.12.2.1 1994 UNIFORM BUILDING CODE

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 16 longitudinal bar diameters, 48 tie bar or
wire diameters, or least dimension of the compression member.

1907.10.5.3 Ties shall be arranged such that every corner and alternate longitudinal bar shall
have lateral support provided by the corner 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.

1907.10.5.6 Column lateral ties shall be as specified in Section 1907.1.3, Iter 3.
1907.11 Lateral Reinforcement for Flexural Members.

1907.11.1 Compression reinforcement in beams shall be enclosed by ties or stirrups 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 Iy), 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 shrinkage 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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Slabs where Grade 40 or 50 deformed bars are used 0.0020
2. Slabs where Grade 60 deformed bars or welded wire
fabric (smooth or deformed) are used 0.0018

3. Slabs where reinforcement with yield stress exceeding
0.0018 x 60,000

60,000 psi (413.7 MPa) measured at a yield strain of 0.35 percent is used 7
¥y

For SI: 0.0018 x 413.7
Iy
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 shrinkage and temperature
stresses shall develop the specified yield strength f, in tension in accordance with Section 1912.

1907.12.3 Prestressing tendons conforming to Section 1903.5.5 used for shrinkage 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
100 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 conforming with Section 1907.12.2 shall be provided between 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.
Ay
A} = area of compression reinforcement, square inches (mm?).

b = width of compression face of member, inches (mm).
d = distance from extreme compression fiber to centroid of tension reinforcement, inches
(mm).
E. = modulus of elasticity of concrete, pounds per square inch (MPa). See Section 1908.1.

E; = modulus of elasticity of reinforcement, pounds per square inch (MPa). See Sections
1908.2 and 1908.5.3.

f ¢ = specified compressive strength of concrete, pounds per square inch (MPa).
Jy = specified yield strength of nonprestressed reinforcement, pounds per square inch (MPa).

I, = clear span for positive moment or shear and average of adjacent clear spans for negative
moment.

V. = nominal shear strength provided by concrete.
w, = unit weight of concrete, pounds per cubic foot (kg/m3).
w, = factored load per unit length of beam or per unit area of slab.
By = factor defined in Section 1910.2.7.3.
p = ratio of nonprestressed tension reinforcement.

area of nonprestressed tension reinforcement, square inches (mm?).
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= A,/bd.
p’ = ratio of nonprestressed compression reinforcement.
= Aj/bd.
pp = 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 proportiored for adequate
strength in accordance with provisions of this code, using load factors and strength-reduction fac-
tors ¢ 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
effects of factored loads as determined by the theory of elastic analysis, except as rnodified 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 shears 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 ........... ... .. 0o wyuly 211
Discontinuous end integral with support ............. ... ... ... ... .. wul,2/14
T T R wuln2/16
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Negative moment at exterior face of first interior support

TWO SPANS . . o vttt ettt e e e e e e e e e e e e e Wl 219
More than tWo SPaNS .. .... .t iiret ittt i e Wil 210
Negative moment at other faces of interior supports .......................... w211

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 ateachendof thespan ....................ccooviei ... w212

Negative moment at interior face of exterior support for
members built integrally with supports:

Where support is a spandrel beam . ............. ... ... .. ... ... wyl,224
Where Support is @ COIUMN . . . ..o .v vttt e i aee e Wl 2116
Shear in end members at face of first interior support . . ..................... 1.15 w,[,/2
Shear at face of all other supports . ......... ... ... ... .. Wyl /2

1908.4 Redistribution of Negative Moments in Continuous Nonprestressed 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

pP—p
2001 — percent
Pn
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 py, where

_ 0858, f. 87,000
Po = "% §7,000 + 7, @-1)

0858, f. 600
1, 600 + f,

1908.4.4 For criteria on moment redistribution for prestressed concrete members, see Section
1918.

1908.5 Modulus of Elasticity.

For SI: Py =

1908.5.1 Modulus of elasticity E. for concrete may be taken as w333 ‘/f’: (in psi)
[For SI: w/50.043 /f", (in MPa)] for values of w, between 90 pef and 155 pef (1440 kg/m3 and
2420 kg/m3). For normal-weight concrete, E. may be taken as 57,000‘/f_’t. {For SI: 4730 \/E).

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 E; for prestressing tendons shall be determined 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 relative 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 and 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 loads 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 distributing 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 combinations 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 spans.

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 a T-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:

1. 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 considered as a T-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 factcred 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
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 1 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 V,. 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 unless 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 (mm?),
A5 = area of compression reinforcement, square inches (mm?),
b = width of compression face of member, inches (mm).
D = dead loads, or related internal moments and forces.
d = distance from extreme compression fiber to centroid of tension reinforcement, inches
(mm).
d’ = distance from extreme compression fiber to centroid of compression reinforcement,
inches (mm).
d; = distance from extreme tension fiber to centroid of tension reinforcement, inches (mm).
E = load effects of earthquake, or related internal moments and forces.
E. = modulus of elasticity of concrete, pounds per square inch (MPa). See Szction 1908.1.
F

= 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).

Jee = average splitting tensile strength of lightweight aggregate concrete, pounds per square
inch (MPa).

fr = modulus of rupture of concrete, pounds per square inch (MPa).

Jy = specified yield strength of nonprestressed reinforcement, pounds per square inch (MPa).

H = loads due to weight and pressure of soil, water in soil, or other materials, or related internal
moments and forces.

h = overall thickness of member, inches (mm).
I, = moment of inertia of cracked section transformed to concrete.
I, = effective moment of inertia for computation of deflection.
I
8

= moment of inertia of gross concrete section about centroidal axis, neglecting reinforce-
ment.

L = 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).
l, = 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.
M, = maximum moment in member at stage deflection is computed.
M,., = cracking moment. See Formula (9-8).
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P, = nominal axial load strength at balanced strain conditions. See Sect.on 1910.3.2.
= 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).

y, = distance from centroidal axis of gross section, neglecting reinforcement, to extreme fiber
in tension.

o = 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,

o, = average value of o for all beams on edges of a panel.
B = ratio of clear spans in long-to-short direction of two-way slabs.
3
A

Fxag®
[

= time-dependent factor for sustained load. See Section 1909.5.2.5.

= multiplier for additional long-time deflection as defined in Section 1909.5.2.5.
p’ = reinforcement ratio for nonprestressed compression reinforcement, A’,/bd.
¢ = strength-reduction factor. See Section 1909.3.

1909.1 General.

1909.1.1 Structures and structural members shall be designed to have desiga 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= 14D + 1.7L ©-1)

1909.2.2 If resistance to structural effects of a specified wind load W are included in design, the
following combinations of D, L and W shall be investigated to determine the greatest required
strength U

U= 075(14D + 1L7L + 1.7TW) (9-2)

where load combinations shall include both full value and zero value of L to determine the more
severe condition, and

U= 09D + 13W (9-3)
but for any combination of D, L and W, required strength U shall not be less. 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 1.1E 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 H is included in design, required strength U shall be at least
equal to

U= 14D + 17L + 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 = 075(1.4D + 14T + 1.7L) 9-5)
but required strength U shall not be less than
U=14D + 1 (9-6)

Estimations of differential settlement, creep, shrinkage or temperature change shall be based on a
realistic assessment of such effects occurring in service.

1909.3 Design Strength.

1909.3.1 Design strength provided by a member, its connection to other members and 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 ¢.

1909.3.2 Strength-reduction factor ¢ shall be as follows:
1909.3.2.1 Flexure, without axialload .............. ... ... ... ... ... ... ... 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 ¢.)

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 ... .. e 0.75

except that for low values of axial compression, ¢ may be increased in accordance with the follow-
ing:

For members in which f, does not exceed 60,000 psi (413.7 MPa), with symmetric reinforcement,
and with (h — d’ - d;)/h not less than 0.70, ¢ may be increased linearly to 0.90 as ¢ P, decreases from
0.10f% Ag to zero.

For other reinforced members, ¢ may be increased linearly to 0.90 as ¢ P, decreases from 0.10
f'c Ag or ¢ Py, 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
Zones3andd) ... 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 ¢ 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 of joints, if their nominal shear strength is less than the shear corresponding 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
frame members with factored axial compressive forces exceeding (4, f 4./10) 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 f, in 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 cne-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 E, for concrete as. 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 J,.

3 3
Mcr _ Mcr
Ie = (Ma) Ig + [1 (Ma) :|Icr (9'7)
WHERE:
= Sl
M, = v: (9-8)
and for normal-weight concrete
fo = 15/f. (9-9)
For SI: £ = 0.62/f.

When lightweight aggregate concrete is used, one of the following modifications shall apply:
1. Whenf, is specified and concrete is proportioned in accordance with Section 1905.2, f, shall
be modified by substituting £.,/6.7 (For SI: 1.8f,,) for ,/f"., but the value of £,/6.7 (For SI:

1.8f;;) shall not exceed ‘/ﬁ

2. When f, is not specified, f; 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

s
A= T30y (9-10)

where p’ shall be the value at midspan for simple and continuous spans, and at support for canti-
levers. It is permitted to assume the time-dependent factor for sustained loads to be equal to

Five years or more 2.0
12 months 1.4
Six months 1.2
Three months 1.0

1909.5.2.6 Deflection computed in accordance with this section shall not exceed limits stipulated
in Table 19-1.

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 1909.5.3.4. 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 1913.4.7.1and 1913.4.7.2 . .. .. ... o i 5 inches (127 mm)

2. Slabs with drop panels as defined in
Sections 1913.4.7.1and 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:

1. For o, equal to or less than 0.2, the provisions of Section 1909.5.3.2 shall apply.
2. For o, greater than 0.2 but not greater than 2.0, the thickness shall not be less than

5
(0.8 + 7oms)
h = ©-11)

" 36 + 5f(@n — 0.2)

1370

~ 36 + 8@, — 0.2)
but not less than 5 inches (127 mm).
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3. For q, greater than 2.0, the thickness shall not be less than
fy
. (0.8 + zomr) ©-12)
36 + 98
zn(o.s + %)
For SI: h=——F—

36 + 98
but not less than 3.5 inches (89 mm).

4. At discontinuous edges, an edge beam shall be provided with a stiffness ratio o not less than
0.80; or the minimum thickness required by Formula (9-11) or (9-12) shall be increased by at
least 10 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
elasticity of concrete E, 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 secions.

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 lim:ts stipulated in Table
19-L

1909.5.5 Composite construction.

1909.5.5.1 Shored construction. If composite flexural members are suppcrted 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 differential 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, deflection 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 (mm?). When the flexural reinforcement consists of different bar or 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.

A, = area of core of spirally reinforced compression member measured to outside diameter of
spiral, square inches (mm2).
A, = gross area of section, square inches (mm?2),
As = area of nonprestressed tension reinforcement, square inches (mm?).
Ay = area of skin reinforcement per unit height in one side face, square inches per foot

(mm?2/m).
Ay = total area of longitudinal reinforcement (bars or steel shapes), square inches (mm?).
A, = areaof structural steel shape, pipe or tubing in a composite section, square inches (mm?).

A1 = loaded area.

A = the area of the lower base of the largest frustum of a pyramid, cone, or tapered wedge con-
tained wholly within the support and having for its upper base the loaded area, and having
side slopes of 1 unit vertical in 2 units horizontal (50% slope).

a = depth of equivalent rectangular stress block as defined in Section 1910.2.7.1.
b = width of compression face of member, inches (mm).
Cn = afactor relating actual moment diagram to an equivalent uniform moment diagram.
¢ = distance from extreme compression fiber to neutral axis, inches (mm).
d = distance from extreme compression fiber to centroid of tension reinforcement, inches
(mm).
d, = thickness of concrete cover measured from extreme tension fiber to center of bar or wire
located closest thereto, inches (mm).
E. = modulus of elasticity of concrete, pounds per square inch (MPa). See Szction 1908.5.1.
E;

= modulus of elasticity of reinforcement, pounds per square inch (MPa). See Sections
1908.5.2 and 1908.5.3.

EI = flexural stiffness of compression member. See Formula (10-9).
f’c = specified compressive strength of concrete, pounds per square inch (MPa).
fs = calculated stress in reinforcement at service loads, kips per square inch (MPa).
Jy = specified yield strength of nonprestressed reinforcement, pounds per square inch (MPa).
h = overall thickness of member, inches (mm).
I, = moment of inertia of gross concrete section about centroidal axis, neglecting reinforce-

ment.
Iye = moment of inertia of reinforcement about centroidal axis of member cross section.
I; = moment of inertia of structural steel shape, pipe or tubing about centroidal axis of com-

posite member cross section.
k = effective length factor for compression members.
I = unsupported length of compression member.
l, = unsupported length of compression member.
M, = factored moment to be used for design of compression member.
M, = factored moment at section.
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My, = 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 curvature.

M2y, = value of larger factored end moment on compression members due to loads which result
in no appreciable sidesway, calculated by conventional elastic frame analysis.

My, = value of larger factored end moment on compression member due to loads which result in
appreciable sidesway, calculated by conventional elastic frame analysis.

P, = nominal axial load strength at balanced strain conditions. See Section 1910.3.2.

P. = critical load. See Formula (10-9).

P, = nominal axial load strength at given eccentricity.

P, = nominal axial load strength at zero eccentricity.

P, = factored axial load at given eccentricity < ¢ P,.

r = radius of gyration of cross section of a compression member.
z quantity limiting distribution of flexural reinforcement. See Section 1910.6.

B; = factor defined in Section 1910.2.7.3.

Bs = 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 P, in Formula (10-7), or ratio of
the maximum factored sustained lateral load to the maximum total factored lateral load in
that story in the calculation of P, in Formula (10-8).

& = moment magnification factor for frames braced against sidesway to reflect effects of
member curvature between ends of compression members.

&, = moment magnification factor for frames not braced against sidesway to reflect lateral drift
resulting from lateral and gravity loads.

p = ratio of nonprestressed tension reinforcement.

= Aybd.
pp = reinforcement ratio producing balanced strain conditions. See Section 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.
¢ = strength-reduction factor. See Section 1909.3.

1910.1 Scope. Provisions of Section 1910 shall apply for design of members 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 equilibrium 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 strength f, for grade of reinforcement used
shall be taken as E; times steel strain. For strains greater than that corresponding to f,, stress in rein-
forcement shall be considered independent of strain and equal to f;.

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 0.85f" 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 = Bjc from the fiber of maximum compressive strain.

1910.2.7.2 Distance ¢ from fiber of maximum strain to the neutral axis shall be measured in a
direction perpendicular to the axis.

1910.2.7.3 Factor P shall be taken as 0.85 for concrete strengths f . up to and including 4,000
psi (27.58 MPa). For strengths above 4,000 psi (27.58 MPa), B shall be reduced continuously 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 £, 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 ¢P, is less than the smaller of 0.10 . A, or 6P, the
ratio of reinforcement p provided shall not exceed 0.75 of the ratio pj, that would produce balanced
strain conditions for the section under flexure without axial load. For members with compression
reinforcement, the portion of p, 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 ¢ P, of compression members shall not be taken greater than
the following:

1910.3.5.1 For nonprestressed members with spiral reinforcement conforming to Section
1907.10.4 or composite members conforming to Section 1910.14:

¢Pn(max.) = 085¢[085f,c (Ag - A.\'r) + fyAsr] (10'1)
1910.3.5.2 For nonprestressed members with tie reinforcement conforming to Section
1907.10.5:

OP maxy = 0.809[0.85f. (A, — Ay + fA4] (10-2)

1910.3.5.3 For prestressed members, design axial load strength ¢P, 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 ¢ P,.

1910.3.6 Members subject to compressive axial load shall be designed for the maximum moment
that can accompany the axial load. The factored axial load P, at given eccentricity shall not exceed
that given in Section 1910.3.5. The maximum factored moment M, 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 given by:

p min. = 200 (10-3)
s
For SI: P min. = 14
5

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 as 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 £, 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

2 = f Yd.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 load f; (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 percznt of specified yield
strength f,.

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 investigations and precau-
tions are required.

1910.6.6 Where flanges of T-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, Ay, 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 determine 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 two 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.

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 1/, inches (38 mm) outside the spiral or
tie reinforcement.

1910.8.3 Equivalent circular compression member. In lieu of using full gross area 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 A, not less than one half the 1otal 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 A, 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 p; shall not be less than the value given by
A f
s = 0452 — 1 )= (10-5)
P (A‘. )fy
where f, 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 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.

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 /, 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 lenzth 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, effective 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,  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 be ne-
glected when kl,/r is less than 34 — 12M,/M>,.

1910.11.4.2 For compression members not braced against sidesway, effects of slenderness may be
neglected when ki, /r is less than 22.

1910.11.4.3 For all compression members with kl,/r 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 P, from a con-
ventional frame analysis and a magnified factored moment M, defined by:

M, = oM, + M, (10-6)
WHERE: c
o, = —'—"—-P-;- = 1.0 (10-7)
T
6, = —1 1.0
T (10-8)
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AND

_ m?’El
O RL)?

(10-9)

P, and zP, are the summations for all columns in a story. For frames not braced against sidesway,
both &, and &; shall be computed. For frames braced against sidesways, 8, shall be taken as 1.0. In
calculation of P, k shall be computed according to Section 1910.11.2.1 for 8, and according to Sec-
tion 1910.11.2.2 for &;.

1910.11.5.2 In lieu of a more accurate calculation, E/ in Formula (10-9) may be taken either as
_ (EL/5) + EI,

EI -
I+ B, (10-10)
or conservatively
E.L/25
El = Ty (10-11)

1910.11.5.3 In Formula (10-7), for members braced against sidesway and without transverse loads
between supports, C,, may be taken as

C, = 06 + 041 (10-12)
but not less than 0.4. For all other cases, G, shall be taken as 1.0.

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 + 0.034) inches [For SI: (15.24 +
0.034) mm], M5, in Formula (10-6) shall be based on a minimum eccentricity of (0.6 + 0.034) in-
ches [For SI: (15.24 + 0.03h) mm] about each principal axis separately. Ratio M;,/M+, in Formula
(10-12) shall be determined by either of the following:

1. When computed end eccentricities are less than (0.6 + 0.034) inches [For SI: (15.24 + 0.03h)
mm}, computed end moments may be used to evaluate M ,/M>p, 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 ;,/M;, 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 + 0.034) inches
[For SI: (15.24 + 0.03h) mm], M3, in Formula (10-6) shall be based on a minimurn eccentricity of
(0.6 + 0.03h) inches [For SI: (15.24 + 0.03h) mm], about each principal axis separately.

1910.11.6 Moment magnification for flexural members. In frames not braczd 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 4 for biaxial bending. For compression members subject to bend-
ing about both principal axes, moment about each axis shall be magnified by §, 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 (610 mm) into the slab from
face of column. Column concrete shall be well integrated with floor concrete, and shall be placed
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 flcor 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:
_ (E.1,/]5) + EI, (10-13)
(E.A,/5) + E;A,

In lieu of a more accurate calculation, EI in Formula (10-9) may be taken either as Formula
(10-11) or

E.L/5

] -14
T+ 5, + E (10-14)
1910.14.6 Structural steel-encased concrete core.

El =

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
Iy

b 3 Es' for each face of width b

h 8f—g, for circular sections of diameter A

1910.14.6.2 Longitudinal bars located within the encased concrete core may be considered in
computing A; and /.

nor

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 f7, shall not be 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 0.1 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 A, and
I.

1910.14.8 Tie reinforcement around structural steel core. A composite memb:zr with laterally
tied concrete around a structural steel core shall conform to the following:

1910.14.8.1 Specified compressive strength of concrete f/. 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 !/5q times the greates! 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 16 longitudinal 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 corner 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 A, for
strength but not in computing /; for evaluation of slenderness effects.

1910.15 Bearing Strength.

1910.15.1 Design bearing strength on concrete shall not exceed ¢ (0.85f - Aj), 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 ,/A,/A,, but not more than 2.

1910.15.2 This section does not apply to posttensioning anchorages.

SECTION 1911 — SHEAR AND TORSION
1911.0 Notations.

area of concrete section resisting shear transfer, square inches (mm?).

Ay = area of reinforcement in bracket or corbel resisting factored moment [V,. a + Ny, (h-d)],
square inches (mm?2).
A = gross area of section, square inches (mm2).
Ap = area of shear reinforcement parallel to flexural tension reinforcement, square inches
(mm?).
A; = total area of longitudinal reinforcement to resist torsion, square inches (mm?2).
A, = area of reinforcement in bracket or corbel resisting tensile force N, square inches (mm?).
Aps = area of prestressed reinforcement in tension zone, square inches (mm?).
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Ay
A

1

2

Joc

s & :-'?ﬂ‘:’

area of nonprestressed tension reinforcement, square inches (mm?2).

area of one leg of a closed stirrup resisting torsion within a distance s, square inches
(mm?).

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 (mm?2).

area of shear-friction reinforcement, square inches (mm?2).

area of shear reinforcement parallel to flexural tension reinforcement within a distance s»,
square inches (mm?).

shear span, distance between concentrated load and face of supports.
width of compression face of member, inches (mm).
perimeter of critical section for slabs and footings, inches (mm).

= width of that part of cross section containing the closed stirrups resisting torsion.
= web width, or diameter of circular section, inches (mm).

factor relating shear and torsional stress properties.

b,d

x%y
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).
size of rectangular or equivalent rectangular column, capital or bracket measured trans-
verse to the direction of the span for which moments are being determined, inches (mm).
distance from extreme compression fiber to centroid of longitudinal tension reinforce-
ment, but need not be less than 0.804 for prestressed members, inche:s (mm). (For circular
sections, d need not be less than the distance from extreme compression fiber to centroid
of tension reinforcement in opposite half of member.)
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).

stress due to unfactored dead load, at extreme fiber of section where tensile stress is
caused by externally applied loads, pounds per square inch (MPa)

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, f,,; is
resultant compressive stress at centroid of composite section, or al junction of web and
flange when the centroid lies within the flange, due to both prestress and moments resisted
by precast member acting alone.)

compressive stress in concrete due to effective prestress forces only (after allowance for
all prestress losses) at extreme fiber of section where tensile stress is. caused by externally
applied loads, pounds per square inch (MPa).

specified tensile strength of prestressing tendons, pounds per square inch (MPa).
specified yield strength of nonprestressed reinforcement, pounds per square inch (MPa).
overall thickness of member, inches (mm).

total depth of shearhead cross section, inches (mm).

total height of wall from base to top, inches (mm).

= moment of inertia of section resisting externally applied factored loads.
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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.

= maximum factored moment at section due to externally applied loads.

= required plastic moment strength of shearhead cross section.

= factored moment at section.

= moment resistance contributed by shearhead reinforcement.

= factored 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.

factored tensile force applied at top of bracket or corbel acting simultaneously with V,, 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 (mm).
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

with M,,,,.

= 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.
angle between included stirrups and longitudinal axis of member.
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oy = angle between shear-friction reinforcement and shear plane.

o, = constant used to compute V. in slabs.

oy = coefficient as a function of y;/x). See Section 1911.6.9.1.

o, = ratio of stiffness of shearhead arm to surrounding composite slab section.
B. = ratio of long side to short side of concentrated load or reaction area.

By = constant used to compute V. in prestressed slabs.

Ys = fraction of unbalanced moment transferred by flexure at slab-column connection. See
Section 1913.3.4.

¥, = fraction of unbalanced moment transferred by eccentricity of shear at slab-column con-
nections. See Section 1911.12.6.1.

= 1—’Yf.

n = number of identical arms of shearhead.

= coefficient of friction. See Section 1911.7.4.3.

A = correction factor related to unit weight of concrete.

p = ratio of nonprestressed tension reinforcement.

= A;/bd.

prn = ratio of horizontal shear reinforcement area to gross concrete area of vertical section.
P, = ratio of vertical shear reinforcement area to gross concrete area of horizontal section.
pw = Agb,d.

Zx?y = torsional section properties. See Sections 1911.6.1.1 and 1911.6.1.2.
¢ = 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

V, < ¢V, (11-1)
where V,, is factored shear force at section considered and V,, is nominal shear strength computed by
V, = V. + V, (11-2)

where V, is nominal shear strength provided by concrete in accordance with Section 1911.3 or Sec-
tion 1911.4, and V; is nominal shear strength provided by shear reinforcement in accordance with
Section 1911.5.6.

1911.1.1.1 In determining shear strength V,,, the effect of any openings in members shall be con-
sidered.

1911.1.1.2 In determining shear strength V., 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_’c used in Section 1911 shall not exceed 100 psi (0.69 MPa).

EXCEPTION: Values of ,/}_’L. greater than 100 psi (0.69 MPa) is allowed in computing V., V. and V,,,
for reinforced or prestressed concrete beams and concrete joist construction having minimum web reinforce-

ment equal to f /5,000 (f./34.47) times, but not more than three times the amounts required by Sections
1911.5.5.3, 1911.5.5.4 and 1911.5.5.5.

1911.1.3 Maximum factored shear force V, 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 distance d from face of sup-
port may be designed for the same shear V,, 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 V, as that computed at a distance A/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 V.. and torsional moment strength 7. apply tc: normal-weight
concrete. When lightweight aggregate concrete is used, one of the following modifications shall

apply:
1911.2.1.1 When £, is specified and concrete is proportioned in accordance with Section
1905.2, provisions for V, and T; shall be modified by substituting f.,/6.7 (For 5I: 1.8 JfT) for

Jf’.. but the value of £,/6.7 (For SI: 1.8 /f") shall not exceed |¥",.

1911.2.1.2 Whenf;, is not specified, all values of /f’: affecting V., T and M, 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.

1911.3 Shear Strength Provided by Concrete for Nonprestressed Members.

1911.3.1 Shear strength V, 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 Section 1911.3.2.

1911.3.1.1 For members subject to shear and flexure only,

V. = 2/f b.d (11-3)

For SI: V. = 0.166 /f . bd

1911.3.1.2 For members subject to axial compression,
Nll !
V, = 2(1 + m) Jfib.d (11-4)
Nll !
For SI: Vv, = 0.166(1 + 0.073 7‘—) Jfb.d
4

Quantity N,/A, shall be expressed in psi (MPa).

1911.3.1.3 For members subject to significant axial tension, shear reinforcement shall be de-
signed to carry total shear.

1911.3.1.4 At sections where factored torsional moment 7, exceeds $ (0.5 /f_'c}'.‘xzy)
[For SI: ¢ (0.042 /F.Zx%)],

2f"b.d

(11-5)
\/ [1 + (2.5c,§—:)2]

V., =
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0.166 . b.d

\/F + (2.5c,",—:)2]

1911.3.2 Shear strength V. may be computed by the more detailed calculation 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. =

For SI: V, = (o.lss/ﬁ + mm%’) byd

but not greater than 3.5 ‘/E b.d (For SI: 0.29 \/}Tc b,.d). Quantity V,d/M,, shall not be taken greater
than 1.0 in computing V, by Formula (11-6), where M, is factored moment occurring simultaneous-
ly with V,, at section considered.

1911.3.2.2 For members subject to axial compression, Formula (11-6) may be used to compute
V. with M,, substituted for M,, and V,d/M,, not then limited to 1.0, where

M, =M, — N“ﬁ’i—g—ﬁ (11-7)
However, V,. shall not be taken greater than
; N,
V. = 35/)fbd [1 + 5001, (11-8)
; N,
For SI: Ve = 029fbd [1 + 0297

&

Quantity N, /A, shall be expressed in psi (MPa). When M,, as computed by Formula (11-7) is neg-
ative, V. shall be computed by Formula (11-8).

1911.3.2.3 For members subject to significant axial tension,

N, ;
V, = 2(1 + SOOAK)‘/f‘b“' (11-9)
N, ;
For SI: V., = 0.166(1 + 0.29 A—),/fcbwd
&

where N, is negative for tension. Quantity N, /A, shall be expressed in psi (MPa).
1911.4 Shear Strength Provided by Concrete for Prestressed Members.

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.

v, = (0.6 7o+ 700‘;;‘1) bod (11-10)
For SI: v, = (o.os Fr o+ 48 ‘;;d) bod
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but V. need not be taken less than 2 \/f—z b,d (For SI: 0.166 ‘/f_'[ b..d) nor shall V, e taken greater

than § \/f_’cbwd (For SI: 0.42 ‘/f_’c b,d) or the value given in Section 1911.4.3 or 1911.4.4. The
quantity V,,d/M,, shall not be taken greater than 1.0, where M, is factored moment cccurring simul-
taneously with V, at section considered. When applying Formula (11-10), d in the term V,,d/M,, shall
be the distance from extreme compression fiber to centroid of prestressed reinforzement.

1911.4.2 Shear strength V. may be computed in accordance with Sections 1911.4.2.1 and
1911.4.2.2 where V, shall be the lesser of V,; or V.

1911.4.2.1 Shear strength V,; shall be computed by

Vi = 0.6\/f_'cb"d + V, + K}—Mfl (11-11)
V.M
For SI: V., = 005/f.bd + V, + =
but V,; need not be taken less than 1.7 /}_’:bwd 0.14 /ﬁbwd), where
M, = (/y)6f + fo=fD (11-12)

For SI: M, = (/y) (0-5\/ﬁ + foe = 1D

and values of M4, and V; shall be computed from the load combination causing; maximum mo-
ment to occur at the section.

1911.4.2.2 Shear strength V,,, shall be computed by

Vo = GSJf. + 03f,0bd + V, (11-13)
For SI: Voo = (029 + 03f,0b,d + V,

Alternatively, V,,, may be computed as the shear force corresponding to dead load plus live load

that results in a principal tensile stress of 4 ‘/f_z (For SI: 0.33 /;’_’c) 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 live 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 A/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 V,.,,. This value of V,,, shall also be taken zs the maximum
limit for Formula (11-10). 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 extend to end of
member, a reduced prestress shall be considered when computing V,. in accordarice with Section
1911.4.1 or 1911.4.2. Value of V,,, 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 at. 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 consist of:
1. Stirrups making an angle of 45 degrees or more with longitudinal tension 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 60,0100 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 (3/4)h in prestressed members or 24 inches (610 mm).

1911.5.4.2 Inclined stirrups and bent longitudinal reinforcement shall be 5o 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 ‘/f_’c b,d (For SI: 0.33 ‘/f—L b, d), maximum spacings 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 force V|, exceeds one half
the shear strength provided by concrete ¢V, 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 occarring 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 7, does not exceed ¢ (0.5 ‘/szzy) [For SI: ¢ (0.042 /f—';szy)],
minimum area of shear reinforcement for prestressed (except as provided in Section 1911.5.5.4)
and nonprestressed members shall be computed by

b,s

A, = 502 11-14
7, ( )

2-179



1911.5.5.3-1911.6.1 1994 UNIFORM BUILDING CODE

For SI: A, = 03428

5

where b, 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 A,, computed by Formula (11-14) or (11-15).

Aps fpu
A =TS [£ (11-15)
y w

1911.5.5.5 Where factored torsional moment 7, exceeds ¢ (0.5 /EZ):zy) [For SI:

¢ (0.042 ‘/szzy)], 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

b,
A, + 24, = 5022 (11-16)
7
b,s
For SI: A, + 24, = 0.34f

1911.5.6 Design of shear reinforcement.

1911.5.6.1 Where factored shear force V, exceeds shear strength ¢ V.., shear reinforcement shall be
provided to satisfy Formulas (11-1) and (11-2), where shear strength V shall be cornputed 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,

Af,d

V, = — (11-17)
where A, is the area of shear reinforcement within a distance s.
1911.5.6.3 When inclined stirrups are used as shear reinforcement,
v, = Af,(sina + cos a)d (11-18)

s

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,

V, = AJf, sina (11-19)
but not greater than 3 /E b,d (For SI: 0.25 /f_'cbwd).

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 se 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 the same portion
of a member, shear strength V; shall be computed as the sum of the V values computed for the vari-
ous types.

1911.5.6.8 Shear strength V; shall not be taken greater than 8 /f':bwd (For SI: 0.66 \/f—'c b,d).

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

T, exceeds ¢ (0.5 ‘/Eszy) {For SI: ¢ (0.042 ‘/f'_cZ'xzy)]. Otherwise, torsion effects may be ne-
glected.
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1911.6.1.1 For members with rectangular or flanged sections, the sum Zx2y shall be taken for the
component rectangles of the section, but the overhanging flange width used 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 A
is at least x/4. A box section with wall thickness less than x/4 but greater than x/10 may also be

taken as a solid section, except that Xx?y shall be multiplied by 4h/x. When h is less than x/10,
stiffness of wall shall be considered. Fillets shall be provided at interior corners of all box sec-
tions.

1911.6.2 If the factored torsional moment T, 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 7, may be

reduced to ¢ (4 /f.Zx?y/3) [For SI: ¢ (0.33 Jf.Zx%/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 distance d from face of support may be designed for the same
torsional moment 7;, 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 torsion shall be based on
T, < ¢T, (11-20)

Where 7, is factored torsional moment at section considered and T;, is nominal torsional moment
strength computed by

T, =T. + T, (11-21)
where T; is nominal torsional moment strength provided by concrete in accordance with Section
1911.6.6 and T; 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 T shall be computed by
0.8 ‘/}‘—ZZny

1+ (w)z

Cilu

T. = (11-22)
0.066 f . Zx2y

2
0.4V,
1 + (-C;_Tuli)

For SI: T, =

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 T, is
given by Formula (11-22) and V.. given by Formula (11-5) shall be multiplizd by (1 + N,/5004,)
[For SI: (1 + 0.29 N, /A oJ)» where N, 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 (b, + d) bzyond 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 (x; + y1)/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 corner of the closed stirrups.

1911.6.9 Design of torsion reinforcement.

1911.6.9.1 Where factored torsional moment 7, exceeds torsional moment strength 67, torsion
reinforcement shall be provided to satisfy Formulas (11-20) and (11-21), where tcrsional moment
strength 7; shall be computed by

- Atatxlylfy

T, ¢

(11-23)

where A, is the area of one leg of a closed stirrup resisting torsion within a distance s, and o; = [0.66
+ 0.33 (y1/x))] but not more than 1.50. Longitudinal bars distributed around the perimeter of the
closed stirrups A; 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 Ay distributed around the perimeter cf the closed stir-
rups A, shall be computed by

+
A, = 24, ("'—s&) (11-24)
or by
-
T, +

A, = 400xs u - — 24, (xl_s_y_'_) (11-25)

fV Tu + 3_C,

For SI: A, = 2-}6’“ T, = - 24, (u)
y Tu + 3_(,‘,
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whichever is greater. Value of A; computed by Formula (11-25) need not exceed that obtained by
substituting

505,
5
0.34b,.s
5
1911.6.9.4 Torsional moment strength 7; shall not exceed 4 T..

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.

for 24,

For SI: for 2A,

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 V,, is calculated in accordance with provisions of Section 1911.7.3
or 1911.7.4.

1911.7.3 A crack shall be assumed to occur along the shear plane considerzd. Required area of
shear-friction reinforcement A, 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 plaie, shear strength V,,
shall be computed by

Vo = A fiu (11-26)
where p 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 V,, shall be zomputed by

Vo = Ayfyu sina;, + cos a)) 11-27)
where o] is angle between shear-friction reinforcement and shear plane.

1911.7.4.3 Coefficient of friction n in Formula (11-26) and Formula (11-27) shall be

Concrete placed monolithically 1.4\
Concrete placed against hardened concrete with surface

intentionally roughened as specified in Section 1911.7.9 1.0A
Concrete placed against hardened concrete not

intentionally roughened 0.6A

Concrete anchored to as-rolled structural steel
by headed studs or by reinforcing bars
(see Section 1911.7.10) 0.7A

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 V,, shall not be taken greater than 0.2f’.A; or 800 A, in pounds (5.5 A; in
newtons), where A, 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 reinforcem.ent. Permanent
net compression across shear plane may be taken as additive to the force in the shear-friction rein-
forcement A,¢f, when calculating required Ayy.

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 (L is assumed equal to
1.02, interface shall be roughened to a full amplitude of approximately !/4 inch (5.4 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 /,/d 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 shall te based on For-
mulas (11-1) and (11-2), where shear strength V, shall be in accordance with Sec:ion 1911.8.6 or
1911.8.7, and shear strength V; shall be in accordance with Section 1911.8.8.

1911.1 through 1911.5 with Section 1911.8.5 substituted for Section 1911.1.3, or on 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.

I 1911.8.3 The design of continuous deep flexural members for shear shall be based on Sections

1911.8.4 Shear strength V}, for deep flexural members shall not be taken greater than 8 \/}’_’cbwd
(For SI: 0.66 \/F: b.d) when I,/d is less than 2. When [,/d is between 2 and 5,

v, = %(10 + %)/f’:bwd (11-28)
For SI: Vv, = 0.055(10 + %) Jibd

1911.8.5 Critical section for shear measured from face of support shall be taken at a distance 0.151,
for uniformly loaded beams and 0.50a for beams with concentrated loads, but not greater than 4.

1911.8.6 Unless a more detailed calculation is made in accordance with Section 1911.8.7.

V. = 2/f.bd (11-29)
For SI: V. = 0.166 /f . b,d
1911.8.7 Shear strength V. may be computed by
_ _ M, ; Vid
Vv, = (3.5 2.5 Vud)(1.9/ﬁ + 2,500pr“)bwd (11-30)

M, ; v.d
For SI: V. (3.5 - 254 d)(o.m/fj + 17.2p, Mu)bwd
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except that the term

M,
55 - 25 1)

shall not exceed 2.5, and V, shall not be taken greater than 6 /f". b,d (For SI: 0.5 /f.b,d). M, is
factored moment occurring simultaneously with V, at the critical sectior. defined in Section
1911.8.5.

1911.8.8 Where factored shear force V, exceeds shear strength ¢V, shear reinforcement shall be
provided to satisfy Formulas (11-1) and (11-2), where shear strength V; shall be computed by

[/ [/
— Av 1 + 7" Avh 11 - 7"
v, = |2 (—-—12 ) + 32| =2 |54 (11-31)

where A, is area of shear reinforcement perpendicular to flexural tension reinforcement within a
distance s, and Ay, is area of shear reinforcement parallel to flexural reinforcement within a distance
5.

1911.8.9 Area of shear reinforcement A, shall not be less than 0.0015 b, s, and s shall not exceed
d/5 or 18 inches (457 mm).

1911.8.10 Area of horizontal shear reinforcement A, shall not be less thar. 0.0025 b, s7, and 57
shall not exceed d/3 or 18 inches (457 mm).

1911.8.11 Shear reinforcement required at the critical section defined in Section 1911.8.5 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
a/d not greater than unity, and subject to a horizontal tensile force N, not largzr than V,,. Distance d
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 V,,, a moment
[Via + N, (h— d)], and a horizontal tensile force N,.

1911.9.3.1 In all design calculations in accordance with Section 1911.9, strength-reduction fac-
tor ¢ shall be taken equal to 0.85.

1911.9.3.2 Design of shear-friction reinforcement Ay to resist shear V, shall be in accordance
with Section 1911.7.

1911.9.3.2.1 For normal-weight concrete, shear strength V,, shall not be taken greater than
0.2f ".b,d nor 800 b,d in pounds (5.5 b,,d in newtons).

1911.9.3.2.2 For all lightweight or sand-lightweight concrete, shear strength V,, shall not be
taken greater than (0.2 — 0.07 a/d) f ' b, d or (800 ~ 280 a/d) b,,d in pounds [(5.5 — 1.9 a/d) b,,d
in newtons].

1911.9.3.3 Reinforcement Ay to resist moment [V,a + Ny (h-d)] shall b computed in accor-
dance with Sections 1910.2 and 1910.3.

1911.9.3.4 Reinforcement Ay, to resist tensile force N, shall be determined from N,c < 0A.fy.
Tensile force Ny shall not be taken less than 0.2 V,, unless special provisions are made to avoid
tensile forces. Tensile force N, 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 A, shall be made equal to the greater of (Af +
Ap) or (24,43 + Ap).
1911.9.4 Closed stirrups or ties parallel to A, with a total area A, not less than 0.5 (4;—Ap), shall be
uniformly distributed within two thirds of the effective depth adjacent to A;.

1911.9.5 Ratio p = A,/bd shall not be less than 0.04 (f ./fy).

1911.9.6 At front face of bracket or corbel, primary tension reinforcement A; shall be anchored by
one of the following: (1) by a structural weld to a transverse bar of at least equal size; weld to be
designed to develop specified yield strength £, of A bars; (2) by bending primary tension bars A
back to form a horizontal loop; or (3) by some 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 Ay, 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 1911.10.8.

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 V.. shall be in accordance with Section 1911.10.5 ¢r 1911.10.6 and
shear strength V; shall be in accordance with Section 1911.10.9.

1911.10.3 Shear strength V,, at any horizontal section for shear in plane of wall shall not be taken
greater than 10 \/f—'chd (For SI: 0.83 ‘/f—'chd).

1911.10.4 For design for horizontal shear forces in plane of wall, d shall be taken equal to 0.8 ,. 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 V. shall not be taken greater than 2 /f’: hd (For SI: 0.166 \/f_’chd) for walls subject to N, in
compression, or V. shall not be taken greater than the value given in Section 1911.3.2.3 for walls
subject to N, in tension.

1911.10.6 Shear strength V. may be computed by Formulas (11-32) and (11-33), where V. shall be
the lesser of Formula (11-32) or (11-33).

V. = 33/f.hd + IZ;" (11-32)
For SI:
© V. = 027/f.hd + IX;‘{
or
(125 + 027%)
v. = o6 /Jf, + T hd (11-33)
il
1,(0.10 f. + 022
For SI: v, = 005 /f. + ( i) hd

My _ Iy
Va 2

where N, is negative for tension. When (M, /V,, - 1,,/2) is negative, Formula (11-33) shall not apply.

1911.10.7 Sections located closer to wall base than a distance /2 or one half the wall height,
whichever is less, may be designed for the same V,. as that computed at a distance 4,2 or one half the
height.
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1911.10.8 When factored shear force V, is less than ¢V,/2, reinforcement shall be provided in ac-
cordance with Section 1911.10.9 or in accordance with Section 1914, When V,, exceeds ¢V,./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 V,, exceeds shear strength ¢V,., horizontal shear reinforce-

ment shall be provided to satisfy Formulas (11-1) and (11-2), where shear strength V; shall be com-
puted by

A, fyd

V, = 5 (11-34)

where A, is area of horizontal shear reinforcement within a distance s, and distance d is in accor-
dance with Section 1911.10.4. Vertical shear reinforcement shall be provided in accordance with
Section 1911.10.9.4.

1911.10.9.2 Ratio py 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 s; shall not exceed !, /5, 3/ or 18 inches
(457 mm).

1911.10.9.4 Ratio p, of vertical shear reinforcement area to gross concrete area of horizontal sec-
tion shall not be less than

p. = 0.0025 + 0.5 (2.5 - %) (p, — 0.0025) (11-35)

or 0.0025, but need not be greater than the required horizontal shear reinforzement.

1911.10.9.5 Spacing of vertical shear reinforcement s shall not exceed /,,/3, 3 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 columns. 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 ext2nds 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 investigated shall be lo-
cated so that its perimeter, b,, is a minimum, but need not approach closer than d/2 to:

1. Edges or corners of columns, concentrated loads or reaction areas, or
2. Changes in slab thickness such as edges of capitals or drop panels, ot

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.

1911.12.2 The design of a slab or footing for two-way action is based on Formulas (11-1) and
(11-2). V, shall be computed in accordance with Section 1911.12.2.1, 1911.12.2.2 or 1911.12.3.1.
V; shall be computed in accordance with Section 1911.12.3. For slabs with shear heads, V), shall be
in accordance with Section 1911.12.4. When moment is transferred between a slab and a column,
Section 1911.12.6 shall apply.

1911.12.2.1 For nonprestressed slabs and footings, V. shall be the smallest of:

1. V., = (2 + ﬁ}i) Jfibd (11-36)
For SI: V. = 0.083 (2 + ﬂi) Jfibd
where 3. is the ratio of long side to short side of the column, concentrated load or reaction
area

2. V. = (— + 2)/_b,,d (11-37)

For SI: V. = 0083( )/_bd
where o is 40 for interior columns, 30 for edge columns and 20 for corner columns, and
3. V. = 4Jf.bd (11-38)
For SI: V. = 033)f.bd

1911.12.2.2 At columns of two-way prestressed slabs and footings that meet the requirements of
Section 1918.9.3:

= @, f. + 03f,0bd + V, (11-39)

For SI: Ve = (0.0838, Jf. + 0.3f)bd + V,
where [3, is the smaller of 3.5 or (ot;d/b, + 1.5), ot is 40 for interior columns, 30 for edge columns
and 20 for corner columns, b, is perimeter of critical section defined in Section 1911.12.1.2, fi,. is
the average value of ];,C for the two directions, and V), is the vertical component of all effectlve
prestress forces crossing the critical section. V. may ge 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 discontinuous edge than four
times the slab thickness, and
2. f7 in Formula (11-39) shall not be taken greater than 5,000 psi (34.47 MPa), and
3. fpc 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 V,, shall be computed by Formula (11-2), where V, shall not be taken greater than

2 /jf—Q b,d (For SI: 0.166 /]‘—L b,d), and the required area of shear reinforcement 4, and V; 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 V,, shall not be taken greater than 6 /. b,d (For Sk 0.50 /f'. b,d).

1911.12.4 Shear reinforcement consisting of steel I- 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 welcling 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 less 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 o, between the stiffness of each shearhead arm and that of the surrounding
composite cracked slab section of width (c; + d) shall not be less than 0.15.

1911.12.4.6 The plastic moment strength M), required for each arm of the shearhead shall be
computed by

oM, = z%[h + av(lv - %)] (11-40)

where ¢ is the strength-reduction factor for flexure, 7 is the number of arms, and J, is the mini-
mum length of each shearhead arm required to comply with requirements 0" 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 [/, — (¢; /2)] from the column face to
the end of the shearhead arm. The critical section shall be located so that its perimeter b,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 V,, shall not be taken greater than 4 /f’, b,d (For SI: 0.33 /¥, b,d), on the critical
section defined in Section 1911.12.4.7. When shearhead reinforcement is provided, V,, shall not

be taken greater than 7 ‘/f_’c b,d (For SI: 0.58 \/f_" b,d), on the critical section defined in Section
1911.12.1.2, Item 1.

1911.12.4.9 A shearhead may be assumed to contribute a moment resistance M, to each slab col-
umn strip computed by

_ ¢avVu( _ g)
M, = % - (11-41)

where ¢ is the strength-reduction factor for flexure, 7 is the number of arms, and , is the length of
each shearhead arm actually provided. However, M, 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 ,,
3. The value of M, computed by Formula (11-40).

1911.12.4.10 When unbalanced moments are considered, the shearhead must have adequate an-
chorage to transmit M, to column.
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1911.12.5 Opening in slabs. When openings in slabs are located at a distance less than 10 times
the slab thickness from a concentrated load or reaction area, or when openings in {lat slabs are lo-
cated within column strips as defined in Section 1913, the critical slab sections for shear 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 shall 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, M,,, between a slab and a column, a fraction YfM, of the unbalanced moment shall
be transferred by flexure in accordance with Section 1913.3. The remainder of the unbalanced mo-
ment given by ¥, M, 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:

1
V=1-—— (11-42)
1+ 2/3 bl/bZ

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 excezd ¢v,:

For members without shear reinforcement:
pv, = PV /(bd) (11-43)

where V. is as defined in Section 1911.12.2.1 and 1911.12.2.2.
For members with shear reinforcement other than shearheads:

¢V,, = ¢(Vc + V,)/(b,,d) (11'44)

where V. and V; 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 ¢4 /f". (For SI: $0.33 /f").

SECTION 1912 — DEVELOPMENT AND SPLICES OF REINFORCEMENT

1912.0 Notations.

Ap = area of an individual bar, square inches (mm32).
A; = area of nonprestressed tension reinforcement, square inches (mm?).

Ay = total cross-sectional area of transverse reinforcement (stirrup or tie) within a spacing s and
perpendicular to plane of bars being spliced or developed, square inches (mm?).

A, = area of shear reinforcement within a distance s, square inches (mm?2).

A, = area of an individual wire to be developed or spliced, square inches (mm?),
a = depth of equivalent rectangular stress block as defined in Section 1910.2.7.1.

b, = web width, or diameter of circular section, inches (mm).
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d = distance from extreme compression fiber to centroid of tension reinforcement, inches
(mm).
dp, = nominal diameter of bar, wire or prestressing strand, inches (mm).
f% = specified compressive strength of concrete, pounds per square inct. (MPa).

‘/_z = square root of specified compressive strength of concrete, pounds per square inch (MPa).
f+ = average splitting tensile strength of lightweight aggregate concrete, pounds per square
inch (MPa).
fps = stress in prestressed reinforcement at nominal strength, kips per square inch (MPa).
fie = effective stress in prestressed reinforcement (after allowance for all prestress losses), kips
per square inch (MPa).
fy = specified yield strength of nonprestressed reinforcement, pounds per square inch (MPa).
h = overall thickness of member, inches (mm).
I, = additional embedment length at support or at point of inflection, irches (mm).
l; = development length, inches (mm).
Iy X applicable modification factors.
lap basic development length, inches (mm).
Iy = 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 (min).

= Iy, X applicable modification factors.
lnp = basic development length of standard hook in tension, inches (mm).
nominal moment strength at section, inch-pounds (N-m).
Agfy(d - ar2).
N = number of bars in a layer being spliced or developed at a critical section.
s = spacing of stirrups or ties, inches (mm).
spacing of wire to be developed or spliced, inches (mm).
V., = factored shear force at section.
Bp = ratio of area of reinforcement cut off to total area of tension reinforcement at section.

£
Il

&
1

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 developing bars in tension only.
1912.1.2 The values of /', used in Section 1912 shall not exceed 100 psi (0.69 MPa).

1912.2 Development of Deformed Bars and Deformed Wire in Tension.

1912.2.1 Development length, I, in inches (mm), for deformed bars and deformed wire in tension
shall be computed as the product of the basic development length Iy, of Section 1912.2.2 and the
applicable modification factors of Sections 1912.2.3 through 1912.2.5, but /; shall not be less than
12 inches (305 mm).

1912.2.2 Basic development length [y, shall be:

No. 11 bar and smaller and deformed wire 0.04A,f,//f". *
*The constant carries the unit of one/inch (one/mm).

0.0194,f,

e

For SI:
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No. 14 bar 0.085f/yf . * *
26
For SI: —f:x
fe
No. 18 bar 0.125%/ yf'. * *

For SI: 3%,
'

**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.

1. 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 the development
length, and (3) clear spacing of not less than 3dj,.

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 Ay, along the development
length satisfying Formula (12-1).

d,sN

40
where d, is the diameter of the bar being developed.

A, =

(12-1)

3. Bars in the inner layer of slab or wall reinforcement and with clear spacing of not less than
3d},.

4. Any bars with cover of not less than 2dj, and with clear spacing of not less than 3d,.
1912.2.3.2 For bars with cover of dj, or less or with clear spacing of 2dj, orless ... .... 2.0.
1912.2.3.3 For bars not included in Section 1912.2.3.10r 1912232 ................ 14.

1912.2.3.4 For No. 11 bars and smaller with clear spacing not less than 5d;, and with cover from
face of member to edge bar, measured in the plane of the bars, not less than 2.5d},, 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 tkan !/4-inch (6.4
mm) diameter and not more than 4 inches (102 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 corner 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 1912.2.3.5, shall not
be taken less than

0.03d, £,/ Jf".

For SI: 0.36d, £,/ Jf .
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1912.2.4 Basic development length /y, 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 development length

OF SPlICE .. 1.3
1912.2.4.2 Lightweight aggregateconcrete ................................... 1.3
Or when £, is Specified ... .............coveunnnnes 6.7 /f.. (For SI: 0.56 /", /f..)

but not less than 1.0.

1912.2.4.3 Epoxy-coated reinforcement. Bars with cover less than 3d), or clear spacing
betweenbarslessthan 6dp, ... ... ...t e 1.5
Allother conditions .. ........ oottt s 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 anchcrage or development
for £, is specifically required or the reinforcement is designed under provisions of Section
1921, 2. 1.4 .. [(A, required)/(A; provided)]

1912.3 Development of Deformed Bars in Compression.

1912.3.1 Development length /g, in inches, for deformed bars in compression shall be computed as
the product of the basic development length /;, and applicable modification factors as defined in
this section, but /; shall not be less than 8 inches (203 mm).

1912.3.2 Basic development length Iy, shall be . .. .. .. 0.02d,f,/ Jf .. (For SI: 0.24d,f,/ Jf')
butnotlessthan .............. ... ... 0.00034dyf, (For SI: 0.044 dyf,)

1912.3.3 Basic development length /y, may be multiplied by applicable factors for:

1912.3.3.1 Excess reinforcement. Reinforcement in excess of that required
byanalysis ........ .. e e (A, required)/(A, provided)

1912.3.3.2 SPirals and ties. Reinforcement enclosed within spiral reinforcement

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 not more

than 4 inches (102 MmM) ON CENLEr . ... ... .. ittt ittt et e 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 petcent 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 [y, in inches (mm) for deformed bars in tension terminating in a
standard hook shall be computed as the product of the basic development length /,;, of Section
1912.5.2 and the applicable modification factor or factors of Section 1912.5.3, but Iy, shall not be
less than 8dj, or less than 6 inches (152 mm).

1912.5.2 Basic development length [y, for a hooked bar with f, equal to 60,000 psi (413.7 MPa)
Shallbe . ...t 1,200 d,/ Jf'. (For SI: 99.7 d,/ Jf")
1912.5.3 Basic development length J;, shall be multiplied by applicable factor or factors for:
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1912.5.3.1 Bar yield strength. Bars with f, other than 60,000 psi
413 TMPa) ... e £/60,000 (For SI: £,/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 21/, 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 1'/5 inches (38 mm) cover for No. §
barand smaller ... ... .. ... . . . e e 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 iy, not greater than 3dp,,
where dj is diameter of hooked bar . ........ ... ... ... . 0.8

1912.5.3.4 Excessive reinforcement. Where anchorage or development for £, is not specifical-
ly required, reinforcement in excess of that required

byanalysis ....... .o (A;s requirecl)/(A; provided)
1912.5.3.5 Lightweight aggregateconcrete . .................................. 1.3
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/, inches (64 mm), hooked bar shall be en-
closed within ties or stirrups spaced along the full development length Iz, not greater than 3dp,
where dj, 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 compression.
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 [y, 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 faciors of Sections
1912.2.3 through 1912.2.5, but Iy 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 /y;, 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

0.03d,(f, — 20,000)

Vf'e*
0.36d,,(fy — 138)
fe
*The 20,000 has units of psi (the 138 has units of MPa).
but not less than

For SI:

[
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For SI: 24 A, S

sW !
fe
1912.7.3 Basic development length Iy, 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-
ment length [y, from point of critical section to outermost cross wire shall not be less than

0.27 éﬁ f-v’
v

A L

YV
the basic development length Iy, shall be modified by (A, required)/(A; provided) for reinforcement
in excess of that required by analysis and by factor of Section 1912.2.4.2 for lightweight aggregate

concrete, but [; shall not be less than 6 inches (152 mm) except in computation of lap splices by
Section 1912.19.

1912.9 Development of Prestressing Strand.

For SI: 3.

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

o -3

For SI: 0.145(f,,x - %f) dy

TExpression in parentheses used as a constant without units.

where dj, is strand diameter in inches (mm), and f,; and f;. 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.Z, 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 vveb 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 12dj,, whichever 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 12ss than the develop-
ment length [; 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 unless 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 provided 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 A, shall not be less than 60&,,s/f, (For 8I: 0.41b,.s/f,).
Spacing s shall not exceed d/8PB;, where By, is the ratio of area of reinforcement cut off to total area
of tension reinforcement at the section.

1912.10.5.3 For No. 11 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.

| 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 members 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 shall be anchored
to develop the specified yield strength £, 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 J; computed for f, by Section 1912.2 satisfies Formula
(12-2), except Formula (12-2) need not be satisfied for reinforcement terminatinz beyond center

line of simple supports by a standard hook or a mechanical anchorage at least equivalent to a stan-
dard hook.

M,
=+ 1 (12-2)
WHERE: ’
I, = atasupport shall be the embedment length beyond center of support.

l; = ata point of inflection shall be limited to the effective depth of member or 12dj,, which-
ever is greater.

M, = nominal strength assuming all reinforcement at the section to be stressed to the specified
yield strength f,.

V, = factored shear force at the section.

Value of M,,/V, 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 negative moment at a sup-
port shall have an embedment length beyond the point of inflection not less than effective depth of
member, 12dp, or /)6 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 with f;, of
40,000 psi (275.8 MPa) or less, a standard stirrup hood around longitudinal reinforcement.

1912.13.2.2 For Nos. 6, 7 and 8 stirrups with £, greater than 40,000 psi (275.8 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 dyf, //E (For SI: 0.169 d,f,/ ‘/ﬁ).

1912.13.2.3 For each leg of welded smooth wire fabric forming simple U-stirrups, either:

1. 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 8dj,.

3. For each end of a single-leg stirrup of welded plain or deformed wire fabric, two longitudinal
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 flexural 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,
shall be continuous with longitudinal reinforcement and, if extended into a region of compression,
shall be anchored beyond middepth d/2 as specified for development length in Section 1912.2 for
that part of f, 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 1.3/;. In members at least 18 inches (457 mm) deep, such splices
with Apf, 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-
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 as 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
within a bundle shall not overlap. Entire bundles shall not be lap spliced.

2-197



1912.14.2.3-1912.15.6 1994 UNIFORM BUILDING CODE

1912.14.2.3 Bars spliced by noncontact lap splices in flexural members shall not be 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 strength £, 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 f, 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.

1912.14.3.6 Welded splices and mechanical connections shall maintain the clearance and cover-
age requirements of Sections 1907.6 and 1907.7.

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 or B
splice, but not less than 12 inches (305 mm), where:

Class A SpliCe . ... i 1.0l
Class Bsplice ........ .o i i i 1.3l

where /; is the tensile development length for the specified yield strength f; in accordance 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 but 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 reinfcrcement may be
rated at the specified splice strength. Unspliced reinforcement shall be rated at that fraction of f;
defined by the ratio of the shorter actual development length to [; required to develop the speci-
fied yield strength f,.

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 Sec'ion 1912.15.4.1
or 1912.15.4.3 above provided the clearance and coverage requirements of Sections 1907.6 and
1907.7 are maintained and, at 90 percent of the yield stress, the strain measured 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 £,d;, (For SI: 0.073 f,dp,) for fy of 60,000
psi (413.7 MPa) or less, or (0.0009 £, —24) dj, [For SI: (0.13 f, - 24) dp] for f, greater than 60,000 psi
(413.7 MPa), but not less than 12 mches (305 mm). For f/, less than 3,000 psi (20.68 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
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. 11 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 11/, 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 1912.17.4. 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 0.5f, in ten-
sion, lap splices shall be Class B tension lap splices if more than one half of the 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 ;.

1912.17.2.3 Where the bar stress due to factored loads is greater than 0.5 f, in tension, lap splices
shall be Class B tension lap splices.

1912.17.2.4 In tied reinforced compression members, where ties throughous 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 4 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 12 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 1912.14.3.3 or 1912.14.3.4.

1912.17.4 End-bearing splices in columns. End-bearing splices complying with Section
1912.16.4 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 f, not less than 0.2f, 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-
tween the ends of each fabric sheet shall not be less than 1.3/, or 8 inches (203 mm), and the overlap

I measured between outermost cross wires of each fabric sheet shall not be less than 2 inches (51
mm), /; shall be the development length for the specified yield strength £, 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 lengta 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 Iy, or 6
inches (152 mm), [; shall be the development length for the specified yield strength f, in 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 [, or 2 inches (51 mm), I; shall be the development length for the speci-
fied yield strength £, 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).

¢y = 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).

¢y = size of rectangular or equivalent rectangular column, capital or bracket measured trans-
‘ verse to the direction of the span for which moments are being determined, inches (mm).

’ E.p = modulus of elasticity of beam concrete.
E.; = modulus of elasticity of slab concrete.
h = overall thickness of member, inches (mm).

I, = moment of inertia about centroidal axis of gross section of beam as defined in Section
’ 1913.4.

Iy = moment of inertia about centroidal axis of gross section of slab.
= h3/12 times width of slab defined in notations o and ;.
Kp = flexural stiffness of beam; moment per unit rotation.

K. = flexural stiffness of column; moment per unit rotation.
K, = flexural stiffness of slab; moment per unit rotation.
K; = torsional stiffness of torsional member; moment per unit rotation.
l, = length of clear span in direction that moments are being determined, measured face to face
of supports.
1 = length of span in direction that moments are being determined, measured center to center
of supports.

[ = length of span transverse to /1, measured center to center of supports. See also Sections
1913.6.2.3 and 1913.6.2.4.

M, = total factored static moment.

2-200



1994 UNIFORM BUILDING CODE 1913.0-1913.2.3

M, = factored moment at section.
wy = factored dead load per unit area.
w; = factored live load per unit area.
w, = factored load per unit area.
= shorter overall dimension of rectangular part of cross section.
= longer overall dimension of rectangular part of cross section.

o = 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.

Euly

El;

o, = ratio of flexural stiffness of columns above and below the slab to combined flexural stiff-
ness of the stabs and beams at a joint taken in the direction of the span for which moments
are being determined.

~

2K,
T 3K, + Ky
Oyyin = minimum o to satisfy Section 1913.6.10, Item 1.
o) = oin direction of /;.

= o in direction of /5.
= ratio of dead load per unit area to live load per unit area (in each case without load factors).

= ratio of torsional stiffness of edge beam section to flexural stiffness of a width of slab
equal to span length of beam, center to center of supports.

E.C
2E 1,

Y = fraction of unbalanced moment transferred by flexure at slab-column connections. See
Section 1913.3.3.2.

d; = factor defined by Formula (13-5). See Section 1913.6.10.
1913.1 Scope.

w8

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.

1913.1.2 A slab system may be supported on columns or walls. If supported by columns the dimen-
sions ¢ and ¢; and the clear span J, 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
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 permaneni 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!; 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 serviceability 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 Secrion 1913.7.

1913.3.1.2 For lateral loads, analysis of unbraced frames shall take into account 2ffects 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 for 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 by 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 ysM,, 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 (1.5h) outside opposite faces of the column or capital, where M, is the mo-
ment to be transferred and

1
Ye = ———— F/7— 13-1
RNV TS (3D

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 edge 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 o greater than 1.0, special top and
bottom slab reinforcement shall be provided at exterior corners 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 corner 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
corner 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 fourth 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 drog 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 moment 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 reinforcement shall be de-
termined by analysis but shall not be less than those prescribed in Figure 19-1.

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 in each direction shall
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.Z: 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 may be provided in
| 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 cighth 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 center-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
al,?
P (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 acceptable 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

w,l,l, ?
8

1913.6.2.3 Where the transverse span of panels on either side of the center line of supports varies,
I in Formula (13-3) shall be taken as the average of adjacent transverse spans.
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1913.6.2.4 When the span adjacent and parallel to an edge is being considered, the distance from
edge to panel center line shall be substituted for /; in Formula (13-3).

1913.6.2.5 Clear span I, shall extend from face to face of columns, capitals, b-ackets or walls. Val-
ue of I, used in Formula (13-3) shall not be less than 0.65/;. 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 M, shall be distributed as follows:

Negative factored MOMENt . . ... ... ittt i 0.65
Positive factored MOMENt . . . .. oottt it e e e e 0.35
1913.6.3.3 In an end span, total factored static moment M,, shall be distributed as follows:
(1) (2) (3) [ (4) (5)
Slab with Slab without Beams between
Beams Interior Suppons‘ Exterlor Edge
Exterior Edge between All Without Edge With Full
unr Tad 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 0.50 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 torsion 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 the 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:

b 0.5 1.0 2.0
(ol =0 75 75 75
(b)) =2 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:

bl 0.5 1.0 2.0
B =0 100 100 100

arhy/l) =0
ety B, = 25 75 75 75
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Br=o 100 100 100
B, =25 90 75 45

(oql/l)) =2 1.0

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 /; used to compute M, negative moments shall be considered to
be uniformly distributed across ;.

1913.6.4.4 Column strips shall be proportioned to resist the following percentage of positive fac-
tored moments:

hh 0.5 1.0 2.0
(ol =0 60 60 60
(bl = 1.0 90 75 45

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 (&t)l5/11) is equal to or greater than 1.0.

1913.6.5.2 For values of (ot;/5/1)) 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 haif 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 (at;/o/11) 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 corners of
the panels and the center lines of the adjacent panels parallel to the long sides.

1913.6.8.2 Beams with (ot)/5/11) less than 1.0 may be proportioned to resist shear obtained by lin-
ear interpolation, assuming beams carry no load at o 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 urless a general analy-
sis is made.

M = 007w, + 0.5whll, 2 — w' 'y’ )Y (13-4)

where wy, [ 5 and [ %, refer to shorter span.

1913.6.10 Provisions for effects of pattern loadings. Where ratio B, 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 o is not
less than ay,,;, specified in Table 19-D.

2. If o for the columns above and below the slab is less than oy, specified in Table 19-D, posi-
tive factored moments in panels supported by such columns shall be multipliec! by the coefficient J;
determined from Formula (13-5).

2 - B a,
= = — =< 13-5

6S I+ 4 + ﬂa (] amin) ( )
where [3, is ratio of dead load to live 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 supporting 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 frames 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 sidz of a column.

1913.7.2.4 Frames adjacent and parallel to an edge shall be bounded by that edge and the center
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 there:from, 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 cobamn, 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 - co/13)2 where c; and I, 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 K, of an attached torsional member shall be calculated by tte following ex-
pression:

9E.,C
o\’ (13-6)
i - 2

where c; and /; relate to the transverse spans on each side of column.

K =2

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:
_ — 063 5\ XY )
c=32(1-063%% (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 K; 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 lcad, 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 vrith three fourths the
full factored live load on the panel and on alternate panels; and maximum ne:gative 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 0.175/; 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 square 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 analyzed 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.

A, = gross area of section, square inches (mm?).

Sf'c = specified compressive strength of concrete, pounds per square inch (MPa).
h = overall thickness of member, inches (mm).
k = effective length factor.
I = vertical distance between supports, inches (mm).

M., = cracking moment 5 ‘/f_’t Ig/y, (For SI: 0.42 \/ﬁlg/ y:) for regular concrete.
M, = nominal moment strength at section, inch-pound (N-m).

=

M, = factored moment at section, inch-pound (N-m). See Section 1914.8.3.
Ppyw = nominal axial load strength of wall designed by Section 1914.4.
P, = factored axial load at midheight of wall, including tributary wall weight.
p = ratio of nonprestressed tension reinforcement.

pr = reinforcement ratio producing balanced strain conditions. See Formula (8-1).
¢ = 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 axial load, 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 1914.4 or 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 Seciion 1910.8.2.

1914.2.6 Walls shall be anchored to intersecting elements such as floors or roofs 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 Sections 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
3. 0.0012 for welded wire fabric (plain or deformed) not larger than W31 or )31.

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
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 direction, 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 bars shall be extended to
develop the bar beyond the corners 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 3ection 1914.5, walls
subject to axial load or combined flexure and axial load shall be designed as compression 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 middle third of the overall
thickness of wall and all limits of Sections 1914.2, 1914.3 and 1914.5 are sctisfied.

1914.5.2 Design axial load strength ¢ P, 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.

2
PP, = 0.55¢f;.Ag[1 - (%)] (14-1)

where ¢ = 0.70 and 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 bottom) 0.8
2. Unrestrained against rotation at both ends 1.0
For walls not braced against lateral translation 2.0

1914.5.3 Minimum thickness of walls designed by empirical design method.

1914.5.3.1 Thickness of bearing walls shall not be less than !/,5 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 7!/,
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
1730 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 reinforczment as required for
moment in accordance with provisions of Sections 1910.2 through 1910.7. Design 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.
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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 exceed 0.04 f.
2. The reinforcement ratio p does not exceed 0.6 pp.

3. Sufficient reinforcement is provided so that the nominal moment capacity times the ¢ factor is
greater than M,,.

4. Distribution of concentrated load does not exceed the width of bearing plus a width increas-
ing at a slope of 2 vertical to 1 horizontal down to the design flexural section.

1914.8.3 The required factored moment, M, at the midheight cross section for combined axial and
lateral factored loads, including the P A moments, shall be as set forth in Formuia (14-2).

M, < ¢ M, (14-2)

Unless a more comprehensive analysis is used, the P A moment shall be calculated using the maxi-
mum potential deflection, A, as defined in Section 1914.8.4.

1914.8.4 The midheight deflection A, under service lateral and vertical loads (without load fac-
tors), shall be limited by the relation
l
150
Unless a more comprehensive analysis is used, the midheight deflection shall be computed with
the following formulas:

A, = (14-3)

Ms _ Mcr _ .
A.\' = Az‘r + (M—"_—M”) (An Acr)» fOl' M.r > Mcr (14'4)
SMJ. %
s = '48Tclg, for Ms < MC, (]4-5)
WHERE:
P, + Ay,
A - ——
e fv
Ir = nA(d — C)z + 23(:‘_2
M; - the maximum moment in the wall resulting from the application of the unfactored load
combinations.
SM,, L2
Ar = 48E 1,
SM,l.?
& = 48E 1,

SECTION 1915 — FOOTINGS

1915.0 Notations.
Ag

gross area of section, square inches (mm?).
d, diameter of pile at footing base.
B = 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 permissible soil pressure
or permissible pile capacity selected through principles of soil mechanics. Exiernal forces and mo-
ments are those resulting from unfactored loads (D, L, W and 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 reinforce nent 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 concrete: column, pedestal or
wall.

2. Halfway between middle and edge of wall, for footings supporting a riasonry 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 distributed 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 rzinforcement required
in short direction shall be distributed uniformly outside center band width of footing.

Reinforcement in band width — 2
Total reinforcement in short direction B+

1915.5 Shear in Footings.

1915.5.1 Computation of shear in footings shall be in accordance with Section 1911.12.

(15-1)

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, pedestal 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 d,/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 the 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 dy,/2 outside the section and zero value at dp,/2 inside the section.

1915.6 Development of Reinforcement in Footings.
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
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 1912.10.6.

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:

1. 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 across 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 shall 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 cowels, 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 less than 200 A, in pounds (1.38 A,, in newtons), whzre A, is area of sup-
ported member.

1915.8.3.2 Precast wall element base connections shall have a tensile strength of not less than
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 siope 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 (combined 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 shall be consistent with
propetties of the soil and the structure and with established principles of soil mechanics.

1915.11 Plain Concrete Pedestals and Footings. See Section 1923.

SECTION 1916 — PRECAST CONCRETE
1916.1 Scope.

1916.1.1 Provisions of this section shall apply only to design of precast concrete members man-
ufactured under plant-controlled conditions.

1916.1.2 All provisions of this code not specifically excluded, and not in conflict with provisions
of Section 1617, shall apply to precast concrete.

1916.2 Design.

1916.2.1 Design of precast members shall consider all loading and restraint conditions from initial
fabrication to completion of the structure, including form removal, storage, trensportation 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 A 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 dowels 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 factored 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, precast 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 completed.

SECTION 1917 — COMPOSITE CONCRETE FLEXURAL MEMBERS
1917.0 Notations.

A. = area of contact surface being investigated for horizontal shear, square inches (mm?).
A, = area of ties within a distance s, square inches (mm?).
b, = width of cross section at contact surface being investigated for horizontal 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).
Van = nominal horizontal shear strength.

V, = factored shear force at section.
correction factor related to unit weight of concrete.
ratio of tie reinforcement area to area of contact surface.
A,/b,s
¢ = strength-reduction factor. See Section 1909.3.

1917.1 Scope.

1917.1.1 Provisions of this section shall apply for design of composite concrzte 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.

P >
T

1917.1.2 All provisions of this code shall apply to composite concrete flexural 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 resisting 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 and 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 ties 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 a full amplitude
of approximately /4 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, horizontcl 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

V., £ ¢V, (17-1)

where V,, is factored shear force at section considered and V},, 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
strength V,;, 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 V,;;, 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
174 inch (6.4 mm), shear strength V,, shall be taken equal to (260 + 0.6p,f; )b, d in pounds [(1.79 +
0.6p.f,)b,d, in newtons], but not greater than 500 b,d in pounds (3.5 b,d, in newtens). Values for A
in Section 1911.7.4.3 shall apply.

1917.5.2.4 When factored shear force V,, at section considered exceeds ¢(5005,d) [For SI:
0(3.5b,d)], design for horizontal shear shall be in accordance with Section 1911.7.4.

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 strength ¢V, as
given in Sections 1917.5.2.1 through 1917.5.2.4 where area of contact surface A, 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).

1917.6.3 All ties shall be fully anchored into interconnected elements in accordance with Section

1912.13.

SECTION 1918 — PRESTRESSED CONCRETE
1918.0 Notations.

A

Apx

A
A’
d

d/

S
Joe
Jos
Jou
Joy

Jre

N R

area of that part of cross section between flexural tension face ancl center of gravity of
gross section, square inches (mm2).

area of prestressed reinforcement in tension zone, square inches (mm?2).

= area of nonprestressed tension reinforcement, square inches (mm?2).
= area of compression reinforcement, square inches (mm2).

b =
D =

width of compression face of member, inches (mm).
dead loads or related internal moments and forces.

distance from extreme compression fiber to centroid of nonprestressed 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, pounds per square inch; or

square root of compressive strength of concrete at time of initial prestress, pounds per
square inch (MPa).

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).

f =

modulus of rupture of concrete, pounds per square inch (MPa).

effective stress in prestressed reinforcement (after allowance for all prestress losses),
pounds per square inch (MPa).

specified yield strength of nonprestressed reinforcement, pounds per square inch (MPa).

= overall thickness of member, inches (mm).
= wobble friction coefficient per foot (per mm) of prestressing tendon.

live loads or related internal moments and forces.

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).

length of prestressing tendon element from jacking end to any point x, feet (mm). See For-
mulas (18-1) and (18-2).

tensile force in concrete due to unfactored dead load plus live load (D + L).
prestressing tendon force at jacking end.
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P, = prestressing tendon force at any point x.

o = total angular change of prestressing tendon profile in radians from tendon jacking end to
any point x.

By = factor defined in Section 1910.2.7.1.
¥ = factor for type of prestressing tendon.
= 0.55 for fy/fpu not less than 0.80.
= 0.40 for fy/fp, not less than 0.85.
= 0.28 for fpy/fpu not less than 0.90.
1L = curvature friction coefficient.
p = ratio of nonprestressed tension reinforcement.
= Ay/bd.
p’ = ratio of compression reinforcement.
= Aj/bd.
pp = ratio of prestressed reinforcement.
= Apy/bd,.
¢ = strength-reduction factor. See Section 1909.3.
® = phife.
o = ph/f
o, = ppfps(f e
Oy, Wpy, W’y
= reinforcement indices for flanged sections computed as for ®, o,, and " 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 coricrete, except as
specifically noted: Sections 1907.6.5, 1908.4, 1908.10.2 through 1908.10.4, 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 behavicr 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-
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 COMPIession . .............. ..t nennnnnn.. 0.60f i

2. Extreme fiber stress in tension except as permitted in Item 3 .. 3 \/F_, (For SI: 0.25 /fT,-)
3. Extreme fiber stress in tension at ends of simply supported

10T 1411 ¢ J R O 6 \/]:_, (For SI: 0.50 ‘/f_':,-)

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 .............c..oouiiiiiiininenn.n.. 0.45f%

2. Extreme fiber stress in tension in precompressed tensile zone .. 6 /f : (For SI: 0.50 \/j—‘_’t)

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-timz deflections
comply with requirements of Section 1909.5.4, and where cover requirements comply

with Section 1907.7.3.2 .. ... .. oot 12", (For SI: 1.0 /f")

1918.4.3 Permissible stresses in concrete of Sections 1918.4.1 and 1918.4.2 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. Duetotendonjackingforce ............ ... ... . .. L i, 0.941,,
but not greater than the lesser of 0.80 f,, and the maximum value recommended by
manufacturer of prestressing tendons or anchorages.

2. Immediately after prestress transfer ................. ... ... o il 0.82fyy
but not greater than 0.74f,,,.

3. Posttensioning tendons, at anchorages and couplers, immediately after
tendOn ANChOTAZE . . ..ottt ettt e e e 0.70fu

1918.6 Loss of Prestress.

1918.6.1 To determine effective prestress fi., allowance for the following sources of loss of pre-
stress shall be considered:

2-221



1918.6.1-1918.7.2 1994 UNIFORM BUILDING CODE

Anchorage seating loss.

Elastic shortening of concrete.

Creep of concrete.

. Shrinkage of concrete.

. Relaxation of tendon stress.

6. Friction loss due to intended or unintended curvature in posttensioning tendons.

TGN SR SIS

1918.6.2 Friction loss in posttensioning tendons.

1918.6.2.1 Effect of friction loss in posttensioning tendons shall be computed by

P, = Pe®xtra (18-1)
When (KI = po) is not greater than 0.3, effect of friction loss may be computed by
P, = P.(1 + Kl, + ua) (18-2)

1918.6.2.2 Friction loss shall be based on experimentally determined wobble K and curvature p
friction coefficients and shall be verified during tendon stressing operations.

1918.6.2.3 Values of wobble and curvature coefficients used in design shall be shown 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, f,, shall be substituted for £, in st-ength computa-
tions. ’

1918.7.2 In lieu of a more accurate determination of f,; based on strain compatibility, the following
approximate values of f,¢ shall be used if f;, is not less than 0.5 f;,,.

1. For members with bonded prestressing tendons:

fos = f,,,,(l - /’;—:’[p,,% + dip(w - w')]) (18-3)

If any compression reinforcement is taken into account when calculating f,; by Formula (18-3),
the term

[p,,;"—{ + dip(w - w')]

shall be taken not less than 0.17 and d” shall be no greater than 0.15 d,.
2. For members with unbonded prestressing tendons and with a span-to-depth ratio of 35 or less:

_ £
Jps = fi + 10,000 + 100p, (18-4)
) _ S
For SI: fos = fee + 69 + 100p,

but j;,, in Formula (18-4) shall not be taken greater than Joy» of (fre + 60,000) (For SI: f;, +413.7).

3. For members with unbonded prestressing tendons and with a span-to-depth ratio greater than
35:

fle
300p,

Jos = foo + 10,000 + (18-5)
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fe
300p,
but f,; in Formula (18-5) shall not be taken greater than fy, or (fe + 30,000) (For SI: f, + 206.9).

1918.7.3 Nonprestressed reinforcement conforming to Section 1903.5.3, if used with prestressing
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 f,. Other nonprestressed rein-
forcement may be included in strength computations only if a strain compatibility analysis is made
to determine stresses in such reinforcement.

For SI: fre = fie + 69 +

1918.8 Limits for Reinforcement of Flexural Members.

1918.8.1 Ratio of prestressed and nonprestressed reinforcement used for cornputation of moment
strength of a member, except as provided in this section shall be such that w,, [w, + (d/d,)
(w — w"),or [w,, + (d/d,)(w, — ',)]is not greater than 0.36 [3,.

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 nonprestressed 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 rzinforcement shall be
computed by

A, = 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 1oad 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 ioad 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 reinforcemeni in members with un-
bonded 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 /f’. (For SI: 0.166 /f").

1918.9.3.2 In positive moment areas where computed tensile stress in concrete at service load
exceeds 2 ‘/f_’c (For SI: 0.166 /f’:) minimum area of bonded reinforcement shall be computed by
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N,
0.5f,

where design yield strength f, 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.

As =

(18-7)

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, = 0.00075hi (18-8)

where [ is length of span in direction parallel to that of the reinforcement being determined.
Bonded reinforcement required by Formula (18-8) shall be distributed within a slab width be-
tween lines that are 1.5k outside opposite faces of the column support. At least four 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 1918.5.2 and 1918.9.3
shall be as follows:

1918.9.4.1 In positive moment areas, minimum length of bonded reinforcement 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.

J 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 to factored loads.
I The sum of these moments may be adjusted as permitted in Section 1918.10.4.

1918.10.4 Redistribution of negative moments in continuous prestressed flexural members.

1918.10.4.1 Where bonded reinforcement is provided at supports in accordance 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

w, + d/d) (@ - o)
20[1 -t 5‘3’%/31 ]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 w,, [w, + (d/d,) (@ — ®"), or [w, + (d/d,)
(w,, — w',)], whichever is applicable, is not greater than 0.24 f;.
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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 design 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 ;. 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 f, 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 equivilent 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 f,. equal to or greater than 225 pounds per square inch
(1.55 MPa), minimum reinforcement required by Section 1914.3 may be waived 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, 1911.12.2 and 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 1918.10.2.

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 critizal 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
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 ¢ of 0.90) for concrete.

1918.14 Corrosion Protection for Unbonded Prestressing Tendons.

1918.14.1 Unbonded tendons shall be completely coated with suitable material 10 ensure corro-
sion protection.

1918.14.2 Tendon cover shall be continuous over entire length to be unbonded, and 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
174 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-
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.

}918.16.2.3 The gradation sand may be modified as necessary to obtain satisfictory 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 operations, 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 has 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 screens, 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. (1.7°C.) 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 raixing 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 o 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 determined 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 ascertained 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 teridons 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 tzndons are bonded in
the member.

1918.19.2 Couplers shall be placed in areas approved by the building official and 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.
E. = modulus of elasticity of concrete, pounds per square inch (MPa). See Section 1908.5.1.
fe specified compressive strength of concrete, pounds per square inch (MFa).

/f'. = square root of specified compressive strength of concrete, pounds per square inch (MPa).
£, = specified yield strength of nonprestressed reinforcement, pounds per square inch (MPa).
h = thickness of shell or folded plate, inches (mm).
l; = 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 suitable approximation
the three-dimensional action of the shell together with its auxiliary members.

EXPERIMENTAL ANALYSIS is an analysis procedure based on the measurement 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 based 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 oy the geometry
of their forms, by the manner in which they are supported and by the nature of the 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, homogeneous 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'l 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 £ 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 /926.

1919.2.8 Shell design shall investigate and preclude the possibility of general 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 also 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 a T-beam by
Section 1908.10.5.

1919.3 Design Strength of Materials.

1919.3.1 Specified compressive strength of concrete f/, at 28 days shall not be less than 3,000 psi
(20.69 MPa).

1919.3.2 Specified yield strength of nonprestressed reinforcement f, 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 practical, 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 increased to limit the
width of possible cracks at service load levels.

2-229



1919.4.8-1920.1 1994 UNIFORM BUILDING CODE

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 provides 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 ¢ ‘/f_’c (ForSI: 0.33 ¢ /ﬁ), 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 less 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.Z 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 necessary, they shall
be staggered at least Iy 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 E, shall be de-
termined from flexural tests of field-cured beam specimens. The number of tesi 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 constructioa 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 = maximum deflection under test load of member relative to a line joiningz the ends of the
span, or of the free end of cantilever relative to its support, inches (mm).
D = dead loads, or related internal moments and forces.
overall thickness of member, inches (mm).
L = 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 distarce between cen-

ters of supports or clear distance between supports plus depth of member, whichever is
smaller, inches (mm).

=
]

o
-
1

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 Section 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 sctisfy the building of-
ficial that the load factors meet requirements and intent of this code. See Section 1920.6.

1920.3 Load Tests—General.

1920.3.1 If strength evaluation is by load tests, a qualified engineer acceptable 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 bz 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 questionable portion shall be
load tested in such a manner as to adequately test the suspected source of wzakness.

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 (1.4D + 1.7L). 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 read ings, 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:

1. If measured maximum deflection a of a beam, floor or roof is less than 1,2/20,000A.

2. If measured maximum deflection a of a beam, floor or roof exceeds ,2/20,0004, 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, /; 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:

2-231



1920.4.10-1921.0 1994 UNIFORM B UILDING CODE

1. The portion of the structure tested shows no visible evidence of failure in tae 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
conditions or criteria of Sections 1920.2 and 1920.4.8 or 1920.4.10, the structure may be permitted
for use at a lower load rating based on the results of the load test or analysis, if approved 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.
Aqn, = cross-sectional area of a structural member measured out-to-out of transverse reinforce-
ment, square inches (mm?2),
A, = area of concrete section, resisting shear, of an individual pier or horizontal wall segment,
square inches (mm?).
A;y = net area of concrete section bounded by web thickness and length of section in the direc-
tion of shear force considered, square inches (mm?).

A, = gross area of section, square inches (mm?),
A; = effective cross-sectional area within a joint (see Section 1921.5.3.1).
Agp = total cross-sectional area of transverse reinforcement (including crossties) within spac-

ing, s, and perpendicular to dimension, A,.

b = effective compressive flange width of a structural member, inches (mm).
b, = web width, or diameter of circular section, inches (mm).

d = effective depth of section.

dp, = bar diameter.

E = load effects of earthquake, or related internal moments and forces.
¢ = specified compressive strength of concrete, psi (MPa).

Jy = specified yield strength of reinforcement, psi (MPa).
Jwn = specified yield strength of transverse reinforcement, psi (MPa).

h. = cross-sectional dimension of a column core or shear wall boundary zonz measured cen-
ter-to-center of confining reinforcement.

hy = height of entire wall (diaphragm) or of the segment of wall (diaphragm) considered.
l; = development length for a straight bar.
lyn = development length for a bar with a standard hook as defined in Formula (21-5).
I, = minimum length, measured from joint face along axis of structural member, over which
transverse reinforcement must be provided, inches (mm).
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I, = length of entire wall (diaphragm) or of segment of wall (diaphragm) considered in direc-
tion of shear force.

M,, = 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 f; and a strength-reduction factor ¢ of 1.0.

M, = portion of slab moment balanced by support moment.

= spacing of transverse reinforcement measured along the longitudinal axis of the structural
member, inches (mm).

So maximum spacing of transverse reinforcement, inches (mm).
Ve nominal shear strength provided by concrete.

Ve design shear force determined from Section 1921.3.4.1 or 1921.4.%.1.
V, = nominal shear strength.
V.
o

P

Y
I

= factored shear force at section.
coefficient defining the relative contribution of concrete strength to wall strength.
ratio of nonprestressed tension reinforcement

= Ay/bd.
p, = ratio of total reinforcement area to cross-sectional area of column.
p, = ratio of distributed shear reinforcement on a plane perpendicular to plane of A,.
ps = ratio of volume of spiral reinforcement to the core volume confined by the spiral rein-

forcement (measured out-to-out).

py = An/Aq; Where Ay, is the projection on A, of area of distributed shear reinforcement
crossing the plane of A.,.

¢ = 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 assuned 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 1921.6.6.1.

COLLECTOR ELEMENTS are elements that serve to transmit the inertial forces with the dia-
phragms to members of the lateral-force-resisting systems.

CONFINED CORE is the area within the core defined by .

CROSSTIE is a continuous bar having a hook of not less than 135 degrees with an extension of
not less than six diameters [but not less than 3 inches (76 mm)] at one end and « 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 crosstics 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 mim)] 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 135-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 confining the concrete.

SPECIFIED LATERAL FORCES are lateral forces corresponding to the appropriate 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 1921 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 1, the provisions of Section 1921 shall not apply.

In Seismic Zone 2, reinforced concrete frames resisting forces induced by earihquake motions
shall be intermediate moment-resisting frames proportioned to satisfy only Sectior: 1921.8 in addi-
tion to the requirements of Sections 1901 through 1918. In Seismic Zone 2, frame members which
are not designated to be part of the lateral-force-resisting system shall conform to Section 1921.7.2.

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 1901 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 strength f'. shall not be less than 3,000 psi (20.69 MPa).

EXCEPTION: Footings of buildings three stories or less may have concrete with f . of not less than 2,500
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 steel A 615 Grades 40
and 60 reinforcement may be used in these members if (1) the actual yield sirength 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 splice:s 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=14({D+L+E)
U=09D + 14E
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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, f-/10).
1921.3.1.2 Clear span for the members shall not be less than four times its effective 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) morz 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 bottor1 reinforcement,
the amount of reinforcement shall not be less than (200 b, d/f,) (For SI: 1.38 b, d/f,) and the rein-
forcement ratio, p, shall not exceed 0.025. At least two bars shall be provided continuously 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 reinforccment enclosing
the lapped bars shall not exceed d/4 or 4 inches (102 mm). Lap splices shall not be used (1) 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 displacemerits 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 o7 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 the 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, and (4) 12 inches
(305 mm).

1921.3.3.3 Where hoops are required, longitudinal bars on the perimeter shall have 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 spect-
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 reinforcernent: a U-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 crosstie to make a closed hoop. Consecutive crossties 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 M), 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 V,
shall be assumed to be zero if the factored axial compressive force including earthquake effects is
less than (A, f'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
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 Agf"/1). These frame mem-
bers shall also satisfy the following conditions:

1921.4.1.1 The shortest cross-sectional dimension, measured on a straight 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 A,f"-/10 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).

M, = (°/5M, @21-1)
WHERE:

IM, = 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.

ZM, = 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 opposz 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 exceed 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.

1. The volumetric ratio of spiral or circular hoop reinforcement, py, shall not be less than that
indicated by Formula (21-2).

ps = 01217 /fy (21-2)

and shall not be less than that required by Formula (10-5).

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).

Ay = 03 Gh f'/fW|A/Aw — 1] (21-3)

A, = 0.09 (sh.f'/fn) (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 crosstie shall engage a

peripheral longitudinal reinforcing bar. Consecutive crossties shall be alternated ead 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 satisfied.

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 tive member clear
height, provide transverse reinforcement as specified in Sections 1921.4.4.1, Items | 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 (102 mm). Additional ties which engage 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 consixt 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 I, from each joint face and on both sides of any section
where flexural yielding may occur in connection with inelastic lateral displacements of the frame.
The length [, 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, znd (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 Agf /10. Transverse 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 min) 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, OP,, of the column is less than the sum of the
shears V, 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 1921.4.4.1 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, OP,, 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 V, shall be determined frora 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, M), 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, Mp,, of the
transverse members framing in the joint. In no case shall V, 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 raembers in which the
earthquake-induced shear force represents one half or more of total design shear, the quantity V.
shall be assumed to be zero if the factored axial compressive force including earthquake effects is
less than (A, f'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 f,.

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 be provided with-
in the joint, unless the joint is confined by structural members as specified in Section 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 fourfaces .................... 20 ‘/f_’(.A]- (For 8I: 1.66 ‘/f_’(.Aj)
For joints confined on three faces or on two opposite faces .. 15 \/f_'cA ; (For 51: 1.25 \/EA P
FOT OGTS .« oottt e ettt 12 /f . A; (For SI: 1.00 /f%A)

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, [y, for a bar with a standard 90-degree hook in nor-
mal-weight aggregate concrete shall not be less than 8, 6 inches (152 mm), and the length re-
quired by Formula (21-5).

Ly = f,dy/65/f" (21-5)
For SI: ly = fody/5.4f"

for bar sizes No. 3 through No. 11.

For lightweight aggregate concrete, the development length for a bar with a standard 90-degree
hook shall not be less than 104y, 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, /;, for a straight 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 trisses 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, p,, for shear walls shall not be less than 1.0025 along the lon-
gitudinal and transverse axes. If the design shear force does not exceed A, ‘/fTL (For SI:

0.08A., ‘/fT‘.) , 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 24, \/f_;: (For SI: 0.166A,, ‘/f_L ).

When V,, in the plane of the wall exceeds A, ‘/f_'( (For SI: 0.084., ‘/]—"_L ), 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 having 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 f7. 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 f7.. 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 V,, 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, V,,, of shear walls and diaphragms shall be assumed not to
exceed the shear force calculated from

Vo = Ay @Jf + puf) (21-6)
For SI: V, = Ay (0.166 /f. + p,f)

1921.6.4.3 For walls (diaphragms) and wall (diaphragm) segments having a ratio of (k,/,,) less
than 2.0, nominal shear strength of wall (diaphragm) shall be determined from Formula (21-7)

Vn = Acv(ac f'c + pnf;) (21'7)
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For SI: V, = Ao (0.08a./f. + puf)
Where the coefficient o, varies linearly from 3.0 for h,/1, = 1.5 to 2.0 for h, /I, = 2.0.

1921.6.4.4 In Section 1921.6.4.3 above, the value of ratio (h,/l,) used for determining V,, for seg-
ments of a wall or diaphragm shall be the largest of the ratios for the entire wall (diaphragm) 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 (h,,/l,,) does not exceed
2.0, reinforcement ratio p, shall not be less than reinforcement ratio p,,.

1921.6.4.6 Nominal shear strength of all wall piers sharing a common lateral force shall not be as-

sumed to exceed 8A,, ‘/f—’( (For SI: 0.66A,, ‘/f_’:) where A, 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

104, ‘/f_Q (For SI: 0.834,, \/f_’f) where A, 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

10A.p ‘/j_"'j (For SI: 0.83A4,, /fT) where A, represents the cross-sectional arca of & 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 [910.3.6 and the
nonlinear strain requirements of Section 1910.2.2 do not apply. The strength-reduction factor ¢
shall be in accordance with Section 1909.3.

1921.6.5.2 The effective flange widths to be used in the design of I-, 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 P, > 0.35P, shall not be considered to contribute to the
calculated strength of the structure for resisting earthquake-induced forces. Such walls shall con-
Jorm 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. P, <0.10Ayf". for geometrically symmetrical wall sections
Py < 0.05A,f " for geometrically unsymmetrical wall sections

and either
2. ﬂi_
VoL < 1.0

or

3.V, < 3, h[f'.(ForSI: V, < 0.25I,hJf')

Shear walls and portions of shear walls not meeting the conditions of Section 1921.6.5.4 and hav-
ing P, < 0.35P, shall have boundary zones at each end a distance varying linearly from 0.25 I, to
0.15 1, for P, varying from 0.35 P, to 0.15 P,. The boundary zone shall have minimum length of
0.15 1, 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 €4, .

WHERE:

€mar = 3§w (0.004) < 0.015 (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 (¢,) as given in Formula (21-9):

A,
¢ = U = 1,720, + ¢, (21-9)
WHERE:

¢’y = neutral axis depth at P', and M’

l, = 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 ar 0.51,,

Ag = elastic design displacement at the top of the wall using gross section properties and
code-specified seismic forces.

A; = inelastic deflection at top of wall.

= A; -A,

A; = total deflection at the top of the wall equal to 3R,,/8 times the elastic design displace-
ment using cracked section properties, or may be taken as 2 (3R,,/8) Ag.

Ay = displacement at top of wall corresponding to extreme fiber compressive strain of 0.003
at critical section, or may be taken as (M'y/Mg )A g, where Mg equals moment at criti-
cal section when top of wall is displaced A g and M’,, is nominal flexural strength of
critical section at P', = 1.2D + 0.5L + E.

0.003
& = o

The compressive strains may be assumed to vary linearly over the depth ', and have maximum
value equal to the product of ¢', and ¢ ;.

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 I,/10 or greater.

1.2 Boundary zones shall extend vertically a distance equal to the development 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 base of the boundary zone a
distance greater than the larger of L, or M,/4V,.

1.3 Boundary zones as determined by the requirements of Section 1921.6.5.5 shall have a
minimum length of 0.11,, at each end of the wall or portion of wall.
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1.4 Inl-, 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:
Agy = 0.09sh.f" /f (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 boundary 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 zone.
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 reirforcement 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 elernents 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 (1,/d) of

less than 4 and factored shear force V, exceeding 4 ‘/f—’c b,d (For SI: 0.33 \/f—’l b.d) and which inter-
connect shear walls shall be provided with special shear reinforcement as follows:

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
192]1.3.3.
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2. The required area of one leg of the diagonal reinforcement A,y shall not be less than

A = 2f, sina
WHERE:
Jy = yield stress of diagonal reinforcement.
V, = factored shear force.
o = 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 2/, 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 stiffnesses 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 2%/ 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 (R,,/8) times the displacements resulting
from the specified lateral 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 (A.f'o/0) shall satisfy Sec-
tions 1921.3.2.1 and 1921.3.4.1 and members with factored axial compressive forces exceeding
(Agf'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 (Agf'c/10) 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 s, over a length [, measured from the joint face.
The spacing s, shall not be more than the smallest of (1) 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 /, shall not be less than the largest of (1) 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 0.5s, from the face of the joint.
1921.7.2.4 The tie spacing shall not exceed 2s,, 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 (Agf"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 effect 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 (1) 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 s, over a length /, measured from the joint
face. Spacing s, 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-sectional dimen-
sion of the frame member, and (4) 12 inches (305 mm). Length [, shall not be less than (1) 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 s,/2 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 5,.

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 My, 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 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 plans 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 resuit in finished in-place
hardened shotcrete meeting the strength requirements of this code.

1922.3 Aggregate. Coarse aggregate, if used, shall not exceed ¥4 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 of 2'/, 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 minimumn spacing equal to 12
bar diameters and the remaining curtain shall have a minimum spacing of rix 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.
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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 L'y means of pre-
construction testing, that adequate encasement of the bars at the splice can be ackieved, and pro-
vided that the splices are placed so that a line through the center of the two spliced bars is
perpendicular to the surface 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 und wetted.

1922.8 Damage. In-place shotcrete which exhibits sags or sloughs, segregation, honeycombing,
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°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 strength 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 %3 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 tian ¥ 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 /g inch (9.5 mm) or smaller, the test panels 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 1. with no single
core less than 0.75 f.. The average of three cubes taken from a single panel must equal or exceed f’,.
with no individual cube less than 0.88 f.. To check testing accuracy, locations reprzsented 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
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 shotcrete. 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 congesticn 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 wkhen, 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 approved 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 stud walls is in accordance
with Table 18-I-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 2, 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 veriical loads 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 less 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'., 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 be 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.
A1 = loaded area.

Az = maximum area of the portion of the supported surface that is geometricaliy similar to and
concentric with the loaded area.

B. = 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 (MFPa).
/f?: = square root of specified compressive strength of concrete, pounds per square inch (MPa).
h = overall thickness of member, inches (mm). See Section 1923.8.5.
k = effective length factor. See Section 1923.9.2.2.
l. = vertical distance between supports, inches (mm).
V., = factored shear force at section.
v, = shear stress due to factored shear force at section.
0 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 stresse:.

Factored loads and forces shall be in such combinations as specified in Section 1909.2.

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:

1. Flexure:
Extreme fiber stress in compression .. ........... ...ttt of'¢
Extreme fiber stress in tension (normal weight only) . ... .. 5¢ /;Tc (For SI: 0.42¢ ‘/f_'c)

2. Axial compression il 2
' — (K
0.60f c[l (32h) ]

3. Shear (normal-weight concrete only)

Beam action ..................................... 2¢ Jf". (For SI: 0.166¢ ,/f".)
0.33 -

Two-way action .................. (2 + %2) \/f—'c I:For Sk (0-166 + B‘L‘_“) ‘/JT:]

but not greaterthan .. ...... ... ... ... ... . ... 4¢ ‘/]?Z (For SI: 0.33¢ \/JTZ)

4. Bearing on loadedarea . .......... ... ... ... . . . . ... . . ... 0.85¢f";

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 JA,/A |, but not more than 2. When the support-
ing surface is sloped or stepped, A 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 factor¢ 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 present 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 tension given in Section
1923.7, Item 1.

1923.8.7 Shear. Shear stress for rectangular sections shall be computed by
3,
2bh

Maximum shear stress v, shall be computed at a distance h from the face of the support, and sec-
tions located at a lesser distance are permitted to be designed for the same shear.

(23-1)

v, =

Shear stress v, 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.
A, = gross area of section, square inches (mm?).

b, = perimeter of critical section for shear in footing, inches (mm).
'« = specified compressive strength of concrete, pounds per square inch (MPa).
P P 8 p per sq

h = overall thickness of member, inches (mm). See Section 1923.8.5.
k = effective length factor.
I, = vertical distance between supports, inches (mm).

Pryw= nominal axial load strength of wall designed by Section 1923.9.2.2.
Vi = 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 0.10h.

1923.9.2.2 Axial strength. Plain concrete walls of solid rectangular cross secticn 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 Py, of a plain concrete wall satisfying limitations of the paragraph
above shall be computed by:

2
o = ¢f[ - () ] @

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
DOtIOM) . . . oo e e 0.8

2. Unrestrained against rotation atbothends . ........... .. ... ... .. ..o 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 /34 the unsupported height or length, whichever
is less, and not less than 5/ inches (140 mm).

Thickness of exterior basement walls and foundation walls shall not be less than 7'/, inches (191
mmy).

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 of footing 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 shal! be computed at
critical sections located as follows:

1. At face of column, pedestal or wall for a footing supporting a concrete column, 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 wall. For a footing sup-
porting a column with a steel base plate, the critical section shall be measured from the location
defined in Section 1923.9.3.2.

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
Jfooting 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 b, 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 1923.9.3.2, Items 2 and 3.

Shear stress v, shall be computed by

3V,
v, = m (23-3)
Where V, 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 1923.8.5.

Shear stress v, shall not exceed permissible shear stress for two-way action given in Section
1923.7, 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 between supporting and
supported member shall not exceed permissible bearing stress for either surface as given in Section
1923.7, 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 1923.7, Item 4.

1923.9.5 Precast members. Design of precast plain concrete members shal! consider all loading
conditions from initial fabrication to completion of the structure, including form removal, storage,
transportation and erection.

Limitations cited in Section 1923.1.2 apply for precast members of structural plain concrete, not
only to the final condition, but also during fabrication, transportation and erection.

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 and 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 1923, 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 | shall be designed in accordance with the provisions of Sections 1923.1 through 1923.9.

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 | Occupancy con-
structed in accordance with Table 18-1-D.

2. Nonstructural slabs supported directly on the ground or by approved structural sysiems.

SECTION 1924 — MINIMUM SLAB THICKNESS

The minimum thickness of concrete floor slabs supported directly on the ground shall not be less
than 31/, 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/PYP + (V/V)P = 1
WHERE:
P; = applied service tension load.
Table 19-E service tension load.
applied service shear load.
V, = 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 1925.3.

B
([T

In addition to the load factors in Section 1909.2, a multiplier of 2 shall be used if special inspec-
tion is not provided, or of 1.3 if it is provided. When anchors are embedded in the tension zone of a
member, the load factors in Section 1909.2 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 10 tests approved by the building official for each concrete strength and
anchor size or calculated in accordance with Sections 1925.3.2 through 1925.3.4. 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 Pgs or ¢ P, where:

Py = 09A,f's

and for an anchor group where the distance between anchors is less than twice their embedment
length

¢P. = pL (284, + 4A) Jf'.

For SI: ¢P. = 0.08 oA (2.84, + 4A) Jf'.

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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A

¢P. = ¢A (2.84) Jf'.
¢P, = 0.08 o1 (2.84,) /f .

area [in square inches (mm?)] of bolt or stud. Must be used with the corresponding
steel properties to determine the weakest part of the assembly in tension.

the sloping area [in square inches (mm?)] of an assumed failure surface. For a single
anchor or anchor group where the distance between anchors ir 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 unchor to the surface.

For an anchor group where the distance between anchors is less 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 faiiure 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 ¢ P shall control.

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 truncate at the anchor
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 108
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).

1 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 steel or otherwise terminated
so as to effectively transfer forces to reinforcing steel that is designed to distribute forces and avert sudden
local failure, ¢ may be taken as 0.85.

Where edge distance is less than embedment length, reduce ¢ P, 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 shall be the minimum
of Vis or ¢V, where:

Vs = 0.754p f s

and where loaded toward an edge equal to or greater than 10 diameters away,

For SI:

PV, = $p800A, A Jf'.
PV, = 66.49A, A Jf

or where loaded toward an edge less than 10 diameters away,

For SI:

PV. = ¢27d,’ A Jf'.

¢V, = 0.166 pnd,” A Jf'.
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where d, 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 direction 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. In 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:
1 (P Y,
5 ()= (¥) =

1
- 1
¢
2 2 2 2
1| (P Vi P, V.
5[(7-:) (%) ] <t () (@)=
SECTION 1926 — ALTERNATE DESIGN METHOD

1926.0 Notation. The following symbols and notations apply only to the provisions of this sec-
tion:

A, = gross area of section, square inches (mm2),

A| = loaded area.

Az = maximum area of the portion of the supporting surface that is geometrically similar to and
concentric with the loaded area.

A, = area of shear reinforcement within a distance s, square inches (mm?).
b = width of compression face of member, inches (mm).
b, = perimeter of critical section for slabs and footings, inches (mm).
b, = web width, or diameter of circular section, inches (mm).
d = distance from extreme compression fiber to centroid of tension reinforcement, inches
(mm).
E. = modulus of elasticity of concrete, psi (MPa). See Section 1908.5.1.
E; = modulus of elasticity of reinforcement, psi (MPa). See Section 1908.5.2.
fc = specified compressive strength of concrete, psi (MPa). See Section 1905.
f'. = square root of specified compressive strength of concrete, psi (MPa).
Jor = average splitting tensile strength of lightweight aggregate concrete, psi (MPa). See Sec-

tion 1905.1.4.
= permissible tensile stress in reinforcement, psi (MPa).
= specified yield strength of reinforcement, psi (MPa).
= design moment.

= 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.

Zz XS e
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n = modular ratio of elasticity.
= EJE..
s = spacing of shear reinforcement in direction parallel to longitudinal rcinforcement, inches
(mm).
V = design shear force at section.
v = design shear stress.
v, = permissible shear stress carried by concrete, psi (MPa).
vy = permissible horizontal shear stress, psi (MPa).
o = angle between inclined stirrups and longitudinal axis of member.
B. = ratio of long side to short side of concentrated load or reaction arez.
p = ratio of tension reinforcement.
= A,/bd.
¢ = 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 provisions of this code
shall apply.

1926.1.3 All applicable provisions of this code for nonprestressed concrete, 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 urity 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 . ..........cuiuitineueennennennnnen. 04517,
2. Shear.t
Beams and one-way slabs and footings: B
Shear carried by concrete, vp .. ... .. 1.1 ‘/f *.(For SI: 0.09 ‘/f_’c)
Maximum shear carried by
concrete plus shear reinforcement ........... Ve +4.4 \/f_’( (For 5I: v, + 0.37 ‘/E)
Joists.*
Shear carried by concrete, v .. ... ..ot 1.2 ‘/} " (For SI: 0.10 /f_’:)

tFor more detailed calculation of shear stress carried by concrete v, 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, vt .......... (1+2/B) Jf [For SI: (1 + 2/8.)0.08 /f"]
.................................. but not greater than 2 ‘/f_’c (For SI: 0.166 ‘/f_’c )
3. Bearingonloadedarea™* ... ... ... .. .. . .. .. 03f".

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 /A,/A| but not more than 2. When the supporting surface is sloped or stepped, A, 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 1 vertical to 2 horizontal.

1926.3.2 Tensile stress in reinforcement f; 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
(smoothedordeformed) ............... ... .. ... ... ... ... 24,000 psi (165.5 MPa)

3. For flexural reinforcement, 3/g 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

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, M,, shall be taken as computed moment
capacity assuming all positive moment tension reinforcement at the section to be stressed to the
permissible tensile stress f;, and Vj, 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 1910.7.)

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 = E/E,., 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¢/E, 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 Sections 1910.10 and
1910.11. In Formulas (10-7) and (10-8), the term P, shall be replaced by 2.5 times the design axial
load, and ¢ 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), ¢ 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= 3d (26-1)

where V is design shear force at section considered.
1926.7.2 When the reaction, in direction of applied shear, introduces compression 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 v, shall

not exceed 1.1 ‘/j—‘_’t (For SI: 0.09 ‘/f_L ) 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 v, shall not
exceed 1.1 ‘/f—’( (For SI: 0.09 ‘/f—’c ) 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 reinforcement shall be designed
to carry total shear, unless a more detailed calculation is made using

v, = 1.1(1 + 0.00421‘1) - (26-2)
8
3 — N !
For SI: v, = 0.09(1 + 0.004A—) ff.
8

where N is negative for tension. Quantity N/A, shall be expressed in psi (MPa).

1926.7.4.4 For members subject to shear and flexure only, v. may be computed by

ve = Jfe + 1,300p, ¥4 (26-3)
For SI: v, = 0.083/f, + 9pw%

but v, shall not exceed 1.9 ‘/f_’c (For SI: 0.16 \/f_’c). Quantity Vd/M shall not be taken greater than 1.0
where M is design moment occurring simultaneously with V at section considered.

1926.7.4.5 For members subject to axial compression, v, may be computed by

v, = 1.1(1 + 0.0006 Aﬂ) I (26-4)
&
: _ N =
For SI: v, = 0.09(1 + 0.0006 A—) F
8

Quantity N/A, shall be expressed in psi (MPa).

1926.7.4.6 Shear stresses carried by concrete v, apply to normal-weight concrete. When light-
weight aggregate concrete is used, one of the following modifications shall apply:
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1. When f, is specified and concrete is proportioned in accordance with Section 1904.2, £.,/6.7

(For SI: 1.8 f.;) shall be substituted for ,/f’, but the value of £.,/6.7 (For SI: 1.8 f.;) «hall not exceed
f..

2. Whenf.; is not specified, the value of ‘/f_'c (For SI: 0.083 \/f—’c ) shall be multiplied 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 v, 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.

1926.7.5 Shear stress carried by shear reinforcement.

1926.7.5.1 Types of shear reinforcement. Shear reinforcement may consist of:
1. 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 si (413.7 MPa).

1926.7.5.3 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 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 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.

1926.7.5.4.3 When (v —v,) exceeds 2 \/f—’c (For SI: 0.166 /j’—Q ) 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 v,
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, = 5022 (26-5)
Iy
b,s
For SI: A, = 034 7

where by, and s are in inches (mm).
1926.7.5.6 Design of shear reinforcement.

1926.7.5.6.1 Where design shear stress v exceeds shear stress carried by concrete v, 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,
(v = vbus

A, = 26-6
7. (26-6)

1926.7.5.6.3 When inclined stirnups are used as shear reinforcement,
A = v = vb,s 26-7)

" f,Gsina + cos a)

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,
(v —vobd

A, = m—— (26-8)

where (v — v;) shall not exceed 1.6 /j‘—Q (For SI: 0.13 ‘/E).

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, v, shall be included only once.

1926.7.5.6.8 Value of (v - v,.) shall not exceed 4.4 ‘/f_" (For SI: 0.37 /f—Q ).

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 Section 1911.7 may be
applied with limiting maximum stress for shear taken as 55 percent of taat 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

Vv
b,d
where V and b, shall be taken at the critical section defined in Section 1926.7.7.1.2.

v = (26-9)

1926.7.7.3 Design shear stress v shall not exceed v, given by Formula (26-10) ur less shear rein-
forcement is provided.

v, = (1 + ﬂl) " (26-10)

For SI: v, = 0.083(1 + ﬂl) ff.

but v, shall not exceed 2 /}T, (For SI: 0.166 /f_Q ). Bc is the ratio of long side to shor: side of concen-
trated load or reaction area. When lightweight aggregate concrete is used, the modifications 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, v, shall not exceed \/f_’t (For SI: 0.083 \/f_’c ), and v shall not exceed 3 ‘/f_’L (For SI:

0.25 /f%).

1926.7.7.5 1f shear reinforcement consisting of steel I or channel shapes (shearheads) is provided
in accordance with Section 1911.12.4 of this code, v on the critical section defined in Section

1926.7.7.1.2 shall not exceed 3.5 /ﬁ (For SI: 0.29 ‘/ﬁ) and v on the critical section defined in

Section 1911.12.4.7 shall not exceed 2 /f’. (For SI: 0.166/f", ). In Formulas (11-38) and (11-39),
design shear force V shall be multiplied by 2 and substituted for V,.

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 N,,.

1926.7.9 Composite concrete flexural members. For design of composite concrete flexural
members, permissible horizontal shear stress v, 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 conform 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, with 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 1'/3 inches (38 mm), provided all of the following conditions
are satisfied:
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1. The overall thickness, including the formboard, 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 kg/m?).
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

AL N ehany o COATE AIR CONTENT, PERCENTAGE
x 25.4 for mm Severe Exposure Moderate Exposure
35 T, 6
1, 7 51y,
ETA 6 5
1 6 41/,
1/, 51/, 4y,
21 5 4
k1 41, 31y

IThese air contents apply to total mix, as for the preceding aggregate sizes. When testing this concrete, however, ag-
gregate larger than 1'/, inches (38 mm) is removed by hand picking or sieving, and air content is determined on
the minus 11/;-inch (38 mm) fraction.

TABLE 19-A-2—REQUIREMENTS FOR SPECIAL EXPOSURE CONDITIONS

MINIMUM £,
NORMAL-WEIGHT AND
MAXIMUM LIGHTWEIGHT
WATER-CEMENTITIOUS AGGREGATE CONCRETE,
MATERIALS RATIO, BY psi
WEIGHT, NORMAL-WEIGHT
EXPOSURE CONDITION AGGREGATE CONCRETE X 0.00689 for MPa
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 £,
MAXIMUM WATER- | NORMAL-WEIGHT
CEMENTITIOUS AND
WATER- SOLUBLE MATERIALS LIGHTWEIGHT
SULFATE RATIO, BY WEIGHT, AGGREGATE
(SO4) IN SOIL, NORMAL-WEIGHT CONCRETE, psi
SULFATE PERCENTAGE BY SULFATE (SOy) IN AGGREGATE
EXPOSURE WEIGHT WATER, ppm CEMENT TYPE CONCRETE! x 0.00689 for MPa
Negligible 0.00-0.10 0-150 — — —
Moderate? 0.10-0.20 150-1,500 11, IP(MS), IS 0.50 4,000
(MS)
Severe 0.20-2.00 1,500-10,000 \Y 045 4,500
Very severe Over 2.00 Over 10,000 V plus 0.45 4,500
pozzolan

1A lower water-cementitious materials ratio or higher strength may be required for low permeability or for protection
against corrosion of embedded items or freezing and thawing (Table 19-A-2).

Seawater.

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 CORROSION PROTECTION
MAXIMUM WATER-SOLUBLE CHLORIDE ION (CI} IN

CONCRETE, PERCENTAGE BY
TYPE OF MEMBER WEIGHT OF CEMENTITIO\S 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 TESTS! MODIFICATION FACTOR FOR STANDARD DEVIATION?
Less than 15 Use Table 19-A-6
15 1.16
20 1.08
25 1.03
30 or more 1.00

!Interpolate for intermediate numbers of tests.
ZModified standard deviation to be used to determine required average strength 1%, 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 COM';HESISWE STRENGTH REQUIRED AVERAGE'COMFI’FKESSIVE STRENGTH
e psl erpsl

x 0.00689 for MPa

Less than 3,000 psi £ + 1,000
3,000 to 5,000 £+ 1,200
Over 5,000 Fo+ 1,400
TABLE 19-A-7—MAXIMUM PERMISSIBLE WATER-CEMENTITIOUS MMATERIALS I

RATIOS FOR CONCRETE WHEN STRENGTH DATA FROM FIELD EXPERIENCE
OR TRIAL MIXTURES ARE NOT AVAILABLE

SPEg{I:Egg&M'P’:I ESSHSIVE ABSOLUTE WATER-CEMENTITIOUS MATERIALS RATIO BY WEIGHT I
x 0.00689 for MPa Nonair-entrained Concrete Alr-entrained 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

ITwenty-eight-day strength. With most materials, water-cementitious materials ratios shcwn will provide average
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
Nos. 3 through 8 6d;,
Nos. 9, 10 and 11 8d,
Nos. 14 and 18 10dp,

TABLE 19-C-1—MINIMUM THICKNESS OF NONPRESTRESSED BEAMS
OR ONE-WAY SLABS UNLESS DEFLECTIONS ARE COMPUTED!

MINIMUM THICKNESS, h
One End Both Ends
Simply Supported I Conti I Continuous Cantilever
Members not su:porﬂngeor attached to partitions or other
MEMBER construction likely to be d ged by large deflecti
Solid one-way slabs 120 124 1128 ino
Beams or ribbed one-way slabs 116 i18.5 21 /8

1Span length ! is in inches.

Values given shall be used directly for members with normal-weight concrete [w,. = 145 pef (2323 kg/m3)] 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 per cubic foot (1442
to 1922 kg/m3), the value shall be multiplied by (1.65 — 0.005 w,) (For SI: 1.65 — 0.0003 w,.) bu: not less than 1.09,
where w, is the unit weight in pounds per cubic foot (kg/m3).
(b) For £, other than 60,000 psi (413.7 MPa), the values shall be multiplied by (0.4 + £/100,000) (For SI: 0.4 +
£1689.5).

TABLE 19-C-2—MINIMUM THICKNESS OF SLABS WITHOUT INTERIOR EEEAMS

Y WITHOUT DROP PANELS* WITH DROP PANELS!
IELD ST:;E#GT“' fy. Exterior Panels Exterior Panels
x 0.00689 for MPa Without sdge With edge Without edge With edge
heams beams Interior pansis hsams beams Interior panels

1, Iy Iy I 1, Iy
40.000 33 36 36 36 40 40
60,000 In In In In In In
30 33 33 33 36 36
75,000 In In In In In In
28 31 3 31 34 34

*For values of reinforcement yield strength between the values given in the table, minimum thickness shall be deter-
mined by linear interpolation.

IDrop panel is defined in Section 1913.4.7.

2Slabs with beams between columns along exterior edges. The value of o for the edge beam shall not be less than 0.8.

TABLE 19-D—VALUES OF g,

RELATIVE BEAM STIFFNESS, Ol
ASPECT
Ba RATIO ¥p/y 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
20 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 05 0 0
2.0 49 1.6 0.8 03 0
033 0.5 1.8 0.5 0.1 0 0
0.8 2.0 0.9 0.3 0 0
1.0 23 0.9 04 0 0
1.25 28 1.5 0.8 02 0
2.0 13.0 2.6 1.2 0.5 03
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TABLE 19-E—ALLOWABLE SERVICE LOAD ON EMBEDDED BOLTS (Pounds) (Newtons)"23

MINIMUM CONCRETE STRENGTH (psi)
x 0.00689 for MPa
BOLT MINIMUM4 EDGE 1'c =2,000 f'c = 3,000 f'c = 4,000

Dty | CMBEDMENT | Clomet | SaomS oot | S | Tewio® | Shead | Yoo | Sheard

x 25.4 for mm x 4.5 for newtons
A 217, 11/, 3 200 500 200 500 200 500
g 3 21y, 41/, 500 1,100 500 1,100 500 1,100
1 4 3 6 950 1,250 950 1,250 950 1,250
2 4 5 6 1,400 1,550 1,500 1,650 1,550 1,750
5/ 41/, 33/ 7l 1,500 2,750 1,500 2,750 1,500 2,750
8 41/, 64 75 2,050 2,900 2,200 3,000 2,400 3,050
3 5 417, 9 2,250 2,940 2,250 3,560 2,250 3,560
4 5 7, 9 2,700 4,250 2,950 4,300 3,200 4,400
Tl 6 51/ 101/, 2,550 3,350 2,550 4,050 2,550 4,050
1 7 6 12 2,850 3,750 3,250 4,500 3,650 5,300
175 8 6314 131/, 3,400 4,750 3,400 4,750 3,400 4,750
1/, 9 7, 15 4,000 5,800 4,000 5,800 4,000 5,800

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

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.
4An 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.

30092 DNIGTING WHOAINN t661
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TABLE 19-F—MINIMUM COMPRESSIVE STRENGTH AND MODULUS OF ELASTICITY
AND OF RIGIDITY OF REINFORCED GYPSUM CONCRETE

COMPRESSIVE STRENGTH MODULUS OlF(E)LASTICITY
ps

psi ()

CLASS % 0.00689 for MPa E,/E, (n) MODULUS OF RIGIDITY (G)
A 500 200,000 150 36E
B 1,000 600,000 50 40E

TABLE 19-G—ALLOWABLE UNIT WORKING STRESS REINFORCED GYPSUM CONCRETE

cLassA | cLassB
(pounds per square inch})
TYPE OF STRESS FACTOR % 0.00689 for MPa
Flexural compression 25f 125 250
Axial compression or bearing 207, 100 200
Bond for plain bars and shear! 02f; 10 20
Bond for deformed bars and electrically welded wire mesh! 03f, 15 30

IElectrically welded wire mesh reinforcement shall be considered as meeting the bond and shear requirements of this
section. In no case shall the area of principal reinforcement be less than 0.26 square inch per foot (550 mm?2/m) of
slab width.

TABLE 19-H—SHEAR ON ANCHOR BOLTS AND DOWELS—REINFORCED GYPSUM CONCRETE!
BOLT OR DOWEL SIZE EMBEDMENT SHEAR?

(inches) (inches) (inches)
x 25.4 for mm
3/g bolt 4 325
1/, bolt 5 450
3/g bolt 5 650
3/g deformed dowel 6 325
1/, deformed dowel 6 450

I The bolts or dowels shall 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-I—MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

TYPE OF MEMBER

DEFLECTION TO BE CONSIDERED

DEFLECTION LIMITATION

Flat roofs not supporting or attached to
nonstructural elements likely to be
damaged by large deflections

Immediate deflection due to live load L

A
180

Floors not supporting or attached to
nonstructural elements likely to be
damaged by large deflections

Immediate deflection due to live load L

Roof or floor construction supporting or
attached to nonstructural elements likely
to be damaged by large deflections

Roof or floor construction supporting or
attached to nonstructural elements likely
to not be damaged by large deflections

That part of the total deflection
occurring after attachment of
nonstructural elements (sum of the
long-time deflection due to all sustained
loads and the immediate deflection due
to any additional live loads)

14
240

The limit is not intended 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 elemeats. 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 exceeded if camber is provided
so that total deflection minus camber does not exceed limit.
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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 IL.

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 substantiated 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 (mm?).

A, = area of compression element, square inches (mm?) (compression flange plus one third of
area of web between compression flange and neutral axis).

A, = area of cross section lying within 1.0 inch of a weld, square inches (mm2).
a; = shorter dimension of rectangular panel, inches (mm).

ay = longer dimension of rectangular panel, inches (mm).
a, = 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).
b/t = width-to-thickness ratio or rectangular element of a cross section.
¢ = 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).
F, = allowable compressive stress for member considered as an axially loaded column, ksi
(MPa).
F, = allowable compressive stress for member considered as a beam, ksi (MPa).
Fp, = bearing ultimate strength, ksi (MPa).
Fpw = bearing ultimate strength within 1.0 inch (25.4 mm) of a weld, ksi (MPa).
Fpy = bearing yield strength, ksi (MPa).
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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).

n2E/n,(I/r)?], where I/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 10-inch (254 mm) gage
length], ksi (MPa).

either Fy, or Fy, whichever is smaller, ksi (MPa).

calculated streés, ksi (MPa).

average compressive stress on cross section of member produced by axial compressive
load, ksi (MPa).

maximum bending stress (compressive) caused by transverse loads or end moments, ksi
(MPa).

shear stress caused by torsion or transverse shear, ksi (MPa).

= modulus of elasticity in shear, ksi (MPa).

spacing of rivet or bolt holes perpendicular to direction of load, inches (mm).

clear height of shear web, inches (mm).

moment of inertia, inches* (mm?).

moment of inertia of horizontal stiffener, inches? (mm®).

moment of inertia of transverse stiffener to resist shear buckling, inches* (mm#*).
moment of inertia of a beam about axis perpendicular to web, inches* (mm*).

moment of inertia of a beam about axis parallel to web, inches? (mm?),

moment of inertia of compression element about axis parallel to vertical web, inches?
(mm*).

torsion constant, inches? (mm?).

coefficient for determining slenderness limit S; for sections for which the allowable com-
pressive stress is based on crippling strength.

coefficient for determining allowable compressive stress in sections with slenderness ra-
tio above S5 for which the allowable compressive stress is based on crippling strength.
coefficient for compression members.

coefficient for tension members.

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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L, = 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).

Ly = 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).

L,, = increased length to be substituted in column formula to determine allowable stress for
welded column, inches (mm).

I/r = slendemess ratio for columns.
M = bending moment, inch-kips (kN-m).
M, = bending moment at center of span resulting from applied bending loads, inch-kips
(kN-m).
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).

N = length of bearing at reaction or concentrated load, inches (mm).
n, = factor of safety on appearance of buckling.
n, = factor of safety on ultimate strength.
ny = factor of safety on yield strength.

P = local load concentration on bearing stiffener, kips (kN).
P. = allowable reaction or concentrated load per web, kips (kN).

P, = allowable tensile load per fastener, sheet to purlin or girt, kips (kN).

R = outside radius of round tube or maximum outside radius for an oval tube, inches (mm).
R, = radius of curvature of tubular members, inches (mm).
R, = transition radius, the radius of an attachment of the weld detail.

r = least radius of gyration of a column, inches (mm).

ri, = radius of gyration of lip or bulb about face of flange from which lip projects, inches (mm).

ry, = radius of gyration of a beam (about axis parallel to web), inches (mm). (For beams that are
unsymmetrical about the horizontal axis, r, should be calculated as though both flanges
were the same as the compression flange.)

S. = section modulus of a beam, compression side, inches> (mm3).

SR = stress ratio, the ratio of minimum stress to maximum stress.

S, = section modulus of a beam, tension side, inches3 (mm?3).

slenderness limits.

s = 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).

t = thickness of flange, plate, web or tube, inches (mm). (For tapered flanges, ¢ is the average
thickness.)

V = shear force on web at stiffener location, kips (kN).

o = 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.

0 = angle between plane of web and plane of bearing surface (6 < 90), degrees.

g
n

(8]
I

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 ard 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'STENERS

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
20-1-C utilizing the safety factors listed in Table 20-I-D, and the constants and coefficients listed in
Tables 20-1-E, 20-1-F and 20-I-G. Where two formulas are given, the smaller of 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, Fy,,,, shall be 90 percent of the American Society of Mechanical Engi-
neers weld qualification test value of ultimate strength. Except as modified by Division II, buckling
constants determined in accordance with the formulas of Tables 20-1-E and 20-1-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 between 15 percent and
100 percent of the total area of the cross section, the allowable stress shall be calculated by the fol-
lowing formula:

A
pr = Fn - Tw(Fn - F,)
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 bearn, square inches
(mm?2). (A beam flange is considered to consist of that portion of the member further than
2¢/3 from the neutral axis, where c is the distance from the neutral axis to the extreme fi-
ber.)

A, = area of cross section lying within 1.0 inch (25.4 mm) of a weld.

F, = allowable stress for cross section 1.0 inch (25.4 mm) or more from weld.

Fpy = allowable stress on cross section part of whose area lies within 1.0 inch (25.4 mm) ofa
weld.

F,, = 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 20-1-B.
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SECTION 2003 — DESIGN

2003.1 Combined Stresses. Members subjected to combinations of compression and bending or
shear, compression and bending shall be proportioned in accordance with thz provisions of Divi-
sion IL.

2003.2 Light Gage Members. Where the design of light gage structural mernbers is involved, the
special provisions of Division II shall be applied.

2003.3 Structural Roofing and Siding. The live load deflection of structural roofing and siding
made of formed sheet shall not exceed '/gq 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. Boits 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 steel 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 otherwise 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 uszd. 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.
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TABLE 20-I-A—ALLOWABLE STRESSES FOR RIVETS

MINIMUM ALLOWABLE
EXPECTED SHEAR STRESS ON
SHEAR IZFFECTIVE AREA
STRENGTH (ksi) (ksi)
DESIGNATION DESIGNATION AFTER
BEFORE DRIVING DRIVING PROCEDURE DRIVING x 6.89 tor MPa
1100-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 11
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 1t
ALLOWABLE STRESSES FOR BOLTS
ALLOWABLE
TENSILE STRESS
MINIMUM EXPECTED SHEAR ALLOWABLE2 SHEAR STRESS ON ON ROOT AREA
STRENGTH (ksi) EFFECTIVE AREA (ksl) (ksl)
A%'LE%YPIIE‘RD X 6.89 for MPa
2024-T4 37 16 26
6061-T6 27 12 18
7075-T73 40 17 28

! Also applies to 6061-T6 pins.
2Values apply to either turned bolts or unfinished bolts in holes not more than 1/;g 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 5556
FILLER ALLOY x 6.89 for MPa
Parent Alloy
1100 32 438 x «
3003 32 5 * *
Alclad 3004 * 5 7 P
5052 * 5 7 *
5083 * * * 8.5
5086 * * 7 8.5
5454 * * 7 85
5456 * * * 8.5
6061 * 5 7 85
6063 * 5 6.5 6.5

* Not permitted.
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L2

SPEC.
TYPE OF STRESS TYPE OF MEMBER OR COMPONENT NO. ALLOWABLE STRESS (ksi)
}'cecn;:;:ln, axial, net Any tension member: 1 Fry/nyor Fof(kpy)
Tension in beams, [ Rectangular tubes,
extreme fiber, net | structural shapes bent 2 F !,\'/ ny o Fpy [ (kpry)
section about strong axis
3 L1TFpy/ny of L24F g,/ Gug) X 6890 for kN/m?2
Round or oval tubes lJOF;y/"y o 1.42Fm/(k,nu)
Rectangular bars, plates, 4
shapes bent about weak axis
Bearing On rivets and bolts 5 Fb;-/".\' or 1'42Fbu/(|‘2"“)
On flat surfaces and pins and ’
on bolts in slotted holes 6 Fby/(l's".") or Fbu/(l‘x"“)
ALLOWABLE
ALLOWABLE STRESS, KSI
e aas SLENDERNESS LIMIT. 5, SLENDEPNERS SETWEeN SLENDERNESS LIMIT, S, A AL TREss, st
<&
Compression in All columns nyFey
columns, axial, 7 Fey B; - :_n 1 (Bc _ Dcé) % = C, __7'2L
gross section m % _ - oty My r ny (L/r)2
-
Outstanding nuFey
flanges and legs Fey Bp - —-—" 1 (p _ s51p k2 b _ EE x2E
8 b kony n, \°P Pt 7 —
keny 2= TD,,— 51 ny(5.16/1)
Compression in Flat plates with nuFcy
components of both edges Jey By - - Lip - 1602 b _ k_lal ky /BpE
9 keny, n /4 PT <y
columns, gross supported keny, b _ Y u G 16Dy,
section -/ i l46D’, ny(1.6b/1)
Curved plates 2 2
supported on both ; B nuFey nE >
edges, walls of cy t T Tkne R
y 9 R cfly 1 _ /E == C Iryn
round or oval tubes 10 Teny T=l— Ta (Bx Dy ' ¢ 16 (ﬁ) R/t
k t "y 1+ ——
¢ 35
Single web beams Fo L L.2B: — Fey) D.L L 7 T 2
bent about strong n = ,—b - & L B, — b b 1.2C, —TE
axis ny u D¢ Ay A% T Tary Ty ¢ nuLp/1.202
Compression in -
?ebaem& extreme Round or oval n 2 Same as
iber, gross tubes 2 fu _ Specification
section 12 Wiy R, (B,,, - 1.17Fc)-) Ry [ w8 B ol
ﬂ.‘v T = —D——— T = "u——_—
th KD = Dr
(Continued)
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TABLE 20-I-C—GENERAL FORMULAS FOR DETERMINING ALLOWABLE STRESSES—{Continued)

SPEC. | SYAESS KSI ALLOWABLE STRESS KSI ALLOWABLE STRESS, KSI
TYPE OF STRESS TYPE OF MEMBER OR COMPORENT NG, SLENDERNESS SLENDERNESS LIMIT, §4 SLENDE;NAE'?IS, ;IETWEEN SLENDERNESS LIMIT, 5y SLENDERNESS > 32
<&
Curved sections x2E
2
L17F ¢y B, — LI17Fyy
12 o B (—' = ‘-‘) i (B: - u,/@) f=-c R Ryt
) N 16n)- (7) 1 + 55
Comp fon in
beams, extreme Solid rectangular
fiber, gross beams 13 1.3Fcy 4 Ly By ~ 13Fcy {5 _23D d fg d _"25_.
section (cont.) ny 2'Ari 23D, my\ %b b d 1 5»29"y(d/‘)2(Lb/11)
Rectangular tubes 2
and box sections 14 Foy LySc  (Bc = Foy I R LySe LSe (c. 2E
ny T 1.6D, 2 SRV A I, \Ts 2.56ny(LySc/ly)
Compression in 0 ding F b Bp—Fey 1 » kiBp k @
components of flanges 15 o = o n_(BP - S.KDP—) R T el
ams My 51Dp 51Dp ny(5.16/1)
{component under '
uniform Flat plates with - /
compression), boml::dges 16 i b_ Bp - Fey L(B - 1.6D _) b_ ___k‘Bp __k2 BpE
gross section supported ny t 1.6Dp e \"P P t 1.6Dp ny(5.1b/1)
Flat plates with c
compressed edge 17 13y b_ By~ 13Fey ,,L(Bb - 3.SDbé) b_b _a%
free tension ny T 35D, ¥ ' ro35 nu(3.5b/2
Compression in edge supported
components of X
Flat plates with _ kB R E
?Cc:lxrrl‘;onem under bothpedges 18 13Fey L b Sy _L(B — 0.67D ﬁ) P58 > —kz_i
bending inown | Supported Ry ! 067D, A b1 t0eTD, ny©.67h/0)
plane), gross
section Flat plates with
horizontal stiffener, 19 1.3Fcy h_ By — 1.3F¢y 1 (E 0.290 h) n_ kiBy ky /B E
both ed, ; T ny - 7 7= -
Supp: nﬁﬁs ny g 029D, ay\°b b7 1~ 029D, ny(0.29/1)
. By — F,
Unstiffened 20 E h_ 5 g _125p.0 h_ S n2E
flat webs my R my\s T TS roLs ny(1.25h/2
Shear in webs, )
grose section noFo
Fsy By — = 1 a a Cy nE
25 w 2 loend) o Fe el 50/
Y 1 125D, . na(1.25a/)

o-1-02

IFor Ry /t values greater than S, 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 Rp/r. Note that in this case, R,/t may be either less than or greater than the value of S; for tubes in compression.
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20-I-D-20-I-E

TABLE 20-I-D—FACTORS OF SAFETY FOR USE WITH ALUMINUM
ALLOWABLE STRESS SPECIFICATIONS

BUILDING AND SIMILAR TYPE
STRUCTURES

1. Tension members

E.S. on tensile strength, n, 1.95
F.S. on yield strength, n, 1.65
2. Columns
F.S. on buckling strength, n, 1.95
E.S. on crippling strength of thin sections, n, 1.95
F.S. on yield strength for short columns, ny 1.65
3. Beams
F.S. on tensile strength, n, 1.95
ES. on tensile yield strength, n, 1.65
F.S. on compressive yield strength for short beams, ny 1.65
F.S. on buckling strength, ny 1.65
F.S. on crippling strength of thin sections, n, 1.65
F.S. on shear buckling of webs, n, 1.20
4. Connections
F.S. on bearing strength 1.2x195=234
E.S. on bearing yield strength, n, 1.65
ES. on shear strength of rivets and bolts 1.2x195=2.34
ES. on shear strength of fillet welds 1.2x195=234
FS. on tensile strength of butt welds, n, 1.95
ES. on tensile yield strength of butt welds, 2, 1.65
TABLE 20-I-E—-FORMULAS FOR BUCKLING CONSTANT3
For All Products Whose Temper Designation begins with
-0, -H, -T1, -T2, -T3 or -T4
INTERCEPT (ksi) [ SLOPE (ksi)
TYPE OF MEMBER
AND STRESS X 6.89 for MPa INTERSECTION
1. Compression in columns /2 12
Fey B (68 2B
and beam flanges Bc=Fcy[l N (ﬁ) ] D, =2_(§(TC) CC:aT:
2. Compression in flat 13 PR 28
(Fey) _Bp[5Bp _
plates By = pl_y[l + 7_‘6V by = E(T) Cp = b,
3. Compression in round /5 /3
tubes under axial end PR 2 / p = BifE / G
load e 538 =33\E
4. Compressive bending 1/3 1/2 2B
; ; (Fey) B, (6B il
ls)tarresss in solid rectangular B, = 143F‘._v|:1 . 7c,v D, = _%(_Eg) cp = 5,
5. Compressive bending 1/s 8, (B N3 2
i (Fy) b [ Zib By -8B
stress in round tubes 8, - ]'SF'VI:I i ] D, = _%(_Ef_) ¢, = ( #3’; )
6. Shear stress in flat plates Fop! /3 _ By (6B 1/2 o 2y
By = Fyy ]+—672— ST 20\E 573D,
7. Crippling of flat plates in | k| = 0.50 ky = 204
compression or bending

*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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TABLE 20-I-F—VALUES OF COEFFICIENTS k; and k.

NONWELDED OR REGIONS FARTHER
THAN 1.0 INCH (25.4 mm) REGIONS WITHIN 1.0 INCH (25.4 mm)
ALLOY AND TEMPER FROM A WELD OF A WELD

ke ke Ky ket
2014-T6, -T651 125 1.12 — —_
Alclad 2014-T6, -T651 1.25 1.12 — —_
6061-T6, -T651 1.0 1.12 1.0 1.0
6063-TS, -T6, -T83 1.0 1.12 1.0 1.0
6351-TS 1.0 1.12 1.0 1.0
All others listed in Division 11 1.0 1.10 1.0 1.0

TIf the weld yield strength exceeds 0.9 of the parent metal yield strength, the allowable compressive stress within 1.0
inch (25.4 mm) of a weld should be taken equal to the allowable stress for nonwelded material.

TABLE 20-I-G—FORMULAS FOR BUCKLING CONSTANTS
For all products whose temper designation begins with

-T5, -T6, -T7, -T8 or -T9

INTERCEPT (ksl) | SLOPE (ksl)
TYPE OF MEMBER
AND STRESS x 6.88 for MPa INTERSECTION
1. Compression in columns 12 12
and beam flanges PO P i p. = Bc (Be / co=oale
¢ = Fey 2250 10 \E D¢
2. Compression in flat 1/2
plates Fep'3 p,_Be(te C, = 0412
Bp=Fy| 1+75 P 0\E P Dy
3. Compression in round 1/5 /3
tubes under axial end PO G p. = bifB / Cpt
load e 8.7 1T 4s\E
4. Compressive bending 1/3 1/2 28
stress in solid rectangular (g _ ;37 | § 4 Foy) D, = By [6Bp b= -
bars b= ey 7 b= 20\"E 3Dy,
5. Compressive bending 1/5 B, (B3 2
i Ey e Y ot '} By — B
stress in round tubes By = LSF.VI:I + ] Dy, 27( E ) Cp (Dtb =
6. Shear stress in flat plates PNYE (B,\ /2 X
By = Fsy 1+ _9~,3V Dy m(—E-) Cs = ()'415_;
7. Crippling of flat plates in | k) = 035 ky =227
compression
8. Crippling of flat plates in | ¥ = 0.50 ky =204
bending

*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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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 registered with The Alu-
minum Association. Those frequently used for structural members are listed in Table 20-1I-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, secticn 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:

Ja )

+ 2t <
F“ Fb(l ——fa/Fu')
2. Bending moment at center equal to or less than 0.5 of maximum bending moment in span:

1

fa fb
F, + Fb <1
3. Bending moment at center between 0.5 and 0.9 maximum bending moment in span:
fll fb

E TR

WHERE:
M, = bending moment at center of span.
M,, = maximum bending moment in span.

2009.2 Torsion and Shear in Tubes. 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-I-C with the
ratio i/t replaced by an equivalent A/t given by the following:
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5/8 1/4
. h _ R L,
Equivalent 7= 2.9(—;) (-E)

WHERE:

L, = length of tube between circumferential stiffeners, inches (mm). Equivalent (h/f) = value to
be substituted for /¢ 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:

2
fo Sy (£
Pt et ) =10

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:

b

r = =

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:

bL = b/3
WHERE:

by = clear width of lip, inches (mm).

Allowable stresses for flanges with lips or bulbs meeting the foregoing requirements shall be de-
termined from Specifications 15 and 16 in Table 20-I-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:

A 2
I, = 2afzh3[(1 +9h—tﬁ) (%) +o.4]10-6

For SI: x 416 231 for mm?

WHERE:
Ap = gross area of cross section of horizontal stiffener, inches2.
o = 1, 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, I, 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:
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S _ h4 Vh? (i
= 0% L= 5750 h)
For SI: x 416 231 for mm?
N _ ng Vh? h
E = 04, I, = (E)

140, 000

For SI: x 416 231 for mm*

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 stiffener 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 disiance, 4, 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 ard 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:

Ph?n,

I =
v =L+ Tap

For SI: x 416 231 for mm#*

WHERE:
I, = required moment of inertia of bearing stiffener, inches* (mm?).

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 Fy, given by the following formulas:
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SPECIFICATION ALLOWABLE STRESS, Fy, ksi (MPa)
9,16 F, = ﬁ;}‘g/—ty
15 F, = na(s”jﬁ
18 F, = m%’i/?
19 - —2E

F, = —%%&
b " p(0.29k]1)

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 arz determined by
Specification 8, 9 or 10 of Table 20-1-C. The allowable compressive stress for the section as a whole
may be considered to be the weighted average allowable stress for the individual ¢lements, 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-I-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-I-C. The beam flange may be considered to consist of the 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:

_ Fy + Ful})

h
1+ 5

WHERE:
Fpqa = weighted average allowable compressive stress for beam flange, ksi (MPa).
Fpr allowable stress for flange proper based on Specification 16 of Table 20-I-C.
Fpr, = allowable stress for webs based on Specification 18 or 19 of Table 20-1-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,
Fpq is the weighted average allowable tensile stress, Fjy is determined from Specification 2 in Table
20-1-C, and Fpy, is given by Specification 4 in Table 20-I-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 limitatior: 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 b/t
for the flange of such a column is less than the value of S5 in Specification 9 of Table 20-I-C, or less
than 0.6 of the maximum slenderness ratio (L/r) for the column, no additional reduction in allow-
able stress is necessary. However, if the maximum b/ for the flange is greater than the value of S,
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

7*E

Fro = TP (L 6b]0P
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WHERE:
Fy. = reduced allowable stress on column, ksi.
The allowable stress shall also not exceed the value given by Specification 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 b/t for the flange is greater than the value of S, from Speci-
fication 15 of Table 20-I-C, and also greater than 0.16 (Ly/r,). In this case, the allowable beam stress
shall not exceed ’
F. = n’E
T ny, (Ly/1.2r)Y3 (5.1b /1)

WHERE:
Fy, = reduced allowable compressive bending stress in beam flange, ksi.

Ly/ry = slendemess 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, 16, 18 and 19 of Table
20-1-C may result in some local buckling at design loads for very thin sections 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 b/t value exceeding 1.65 S, where

the value of 3 is obtained for the element in question from Specifications 9, 15, 16, 18 and 19 of
Table 20-I-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, b,, of a thin element
subjected to direct compression stresses is:

Iff, < n,F, b, =b

Iffa > naFab, be = b\lnaFab fa
WHERE:

b, = effective width of flat plate element to be used in deflection calculations, inches (mm).
F,;, = 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 loads, f},, replacing f,.

2, allowable interior

L=

2009.7.7 Web crippling. For structural formed sheet roofing and sidin
reactions and concentrated loads for flat webs shall not exceed

Fdr
w

6 r w
[1.1 - 01(%) \/;:I fOl'T < C,,

3
and P, = 1,5005d(N+w)(%) for ¥ > c,

P. = 600 (6 + 0.04%)

25E(% + 1)
Fo(6 + 004 %l11 - 0.1(%)[5]

inwhichC, =

RN,
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Allowable end reactions shall not exceed

F. dr?
P = 600=%5— (3 + 0.04%)

0 r w
[11 - 0.1 (%) \/‘;'jlfOI'T < C,,

3
and P, = 1,500 Ed(N + %) (&) for ¥ > ¢,

1.25E (% + 1)

inwhichC, =
Fo(3 + 004911 - 01(8) /5]
WHERE:
d = depth (vertical projection), inches (mm).
Fy, = minimum compressive yield strength of sheet, in kips per square inch (MPa).

N = length of bearing at reaction or concentrated load, inches (mm).
P. = allowable reaction or concentrated load per web, pounds (N).

r = bend radius at juncture of flange and web of trapezoidal section, measured to inside
surface of bend, inches (mm).

t = sheet thickness, inches (mm).

w = slope width of web (shear element spanning between flats) of trapezoidal section, inches
(mm).

0 = angle between plane of web of trapezoidal section and plane of bearing surface (0 < 90),
degrees.

2009.8 Fatigue. For up to 100,000 repetitions of maximum live load, if nonwelded, 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
corners 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 11 of Table 20-I-C for
single-web beams and girders, are based on an approximation in which the term Ly/r, 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 certain conditions,
namely for values of L,/r, exceeding about 50; for load distributions such that the bending moment
near the center of the beam is appreciably less than the maximum bending moment in the beam; and
for beams with transverse loads applied to the bottom flange. If the designer wishes to compute
more precise values of allowable compressive stress for these cases, the value of r, in Specification
11 of Table 20-I-C may be replaced by an “effective r,” given by one of the following formulas:

Beam spans subjected to end moment only or to transverse loads applied at the ncutral axis of the

beam:
k 1d 7 (L
i = —b bl J (=
Effective r, = 17 5 1 + 0.152 I, (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):

ky Id J (Ly :
17 S + 05 + 1.25 + 0.1521—.\: Vi

Effective r, =

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 , = value to be substituted for r, in Specification 11 of Table 20-I-C.
The terms appearing in the above formulas are defined in this code.
Values of the coefficient, &, follow:

BEAMS RESTRAINED AGAINST LATERAL VALUE OF
DISPLACEMENT AT BOTH ENDS OF SPAN COEFFICIENT k;
Uniform bending moment, uniform transverse load, or two equal i
concentrated loads equidistant from the center of thespan . ....... ... ... ... 1.00

Bending moment varying uniformly from a value of M) at one end to M at the other end
MMy = 0. e

Mi/Ma = O e e 1.14
MMy ==05 1.33
MU/My == 10 . 1.53
Concentrated load at centerof span ............. ... ... .. ... ... 1.60

Concentrated load atendof span . ... ... ... ... .. ... ... .. 1.13
Uniform transverse load

2009.10 Compression in Elastically Supported Flanges. Allowable cornpressive 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 L;/r, substituted in the formulas for allowable stress.

JEA?
Bl

L
Effective -;ﬁ = 2.7
Yy

WHERE:

f = spring constant [transverse force in kips applied to a 1-inch (25.4 mra) length of the mem-
ber at the compression flange to cause a 1-inch (25.4 mm) deflection of the flange], ksi
(MPa).

SECTION 2010 — MECHANICAL CONNECTIONS

2010.1 Riveted and Bolted Connections. Aluminum alloys used for rivets and bolts shall be
those listed in Table 20-I-A. Nuts for !/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 2024 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 shali 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 plare, 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 least net width. The
hole diameter to be deducted shall be the actual hole diameter for drilled or reamed holes and the
hole diameter plus !/35 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 nat 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 entire 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 the gross sectional
area less deductions for holes.

2010.1.8 Grip of rivets and bolts. If the grip (total thickness of metal being fastened) 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 [/, + G/ (9 D)] in which G is the grip and D is 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 centers shall be three times
the nominal rivet diameter; minimum distance of bolt centers shall be two and 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 shape:s 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 + 20¢)
in which ¢ is 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 20-1-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 sections 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:
Py = (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.

1. 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 3/g-inch (16 mm) OD, or with a stainless steel neoprene wash-
er, the stainless steel portion of which has minimum dimensions of 0.038-inch (0.965 mm) (No. 20
gage) thickness and “/g-inch (16 mm) OD. In crowns,

P, =140t Fyy
For SI: X 4.45 for N
and in valleys,

Py =170t Fyy
For SI: X 4.45 for N

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/ inch (4.76 mm) and a No. 1
drill for 3¢ inch (4.76 mm) and thicker.

2. Stainless steel alloy welded studs, 3/1¢-inch-diameter (7.9 mm) base, 3/)¢-inch-diameter (4.76
mm) serrated top, with field-installed swaged aluminum cap of 1/>-inch (13 mm) diameter,

P[ = 230
For SI: P,=1023 N

SECTION 2011 — FABRICATION

2011.1 Laying Out. Hole centers may be center punched and cutoff lines may 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 °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 breaks.

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 tine are carefully ob-
served.

2011.4 Punching, Drilling and Reaming. The following rules for punchirg, drilling and
reaming shall be observed:

1. 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 /35 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 7 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 !/, 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:

1. Flat heads shall have a diameter not less than 1.4 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 1.4 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 127 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 riot ordinarily painted
(with the exception of 2014-T6 when exposed to corrosive environments). Surfaces shall be painted
where:

1. 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 2011.7. (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:

1. 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-81d, 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
TT-P-645 or equivalent, or shall be wrapped with a suitable plastic tape applied in such 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 dissimilar 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 of 2014-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 !/g 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 than 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 A,, 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, L,,/r, in the column formula, as follows:

250,000 L, _ L
Fcyw T

L
If ¥ >
If-l,% S 24 4E

~

L, L
For SI: chw T = 7F
L 250, 000
If7 < ,——W ;
L 24 4E .
For SI: If7 < Fo
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TABLE 20-1I-A—MINIMUM MECHANICAL PROPERTIES FOR ALUMINUM ALLOYS
Values Are Given in Units of ksi (1,000 Ib/in?)

COMPRESSIVE
TENSION cogon SHEAR BEARING EASTIEr Ve
THORNESS | — ; ; e
(inch) ksi | i'gl kel ksl kel {(:bs'{ I ke ksi
ALLOY AND
TEMPER PRODUCT! x 25.4 for mm x 6.89 for MPa
1100-H12 Sheet, plate All 14 11 10 9 6.5 28 18 10,100
-H14 Rolled rod and bar All 16 14 13 10 8 32 21 10,100
Drawn tube
2014-T6 Sheet 0.040-0.249 66 58 59 40 33 125 93 10,900
-T651 Plate 0.250-2.000 67 59 58 40 34 127 94 10,900
-Te6,
-T6510! Extrusions All 60 53 55 35 31 114 85 10,900
-Té, Rolled rod and bar
-T651 Drawn tube All 65 55 53 38 32 124 88 10,900
Alclad
2014-T6 Sheet 0.020-0.039 63 55 56 38 32 120 88 10,800
-T6 Sheet 0.040-0.249 64 57 58 39 33 122 91 10,800
-T651 Plate 0.250-0.499 64 57 56 39 33 122 91 10,800
3003-H12 Sheet and plate 0.017-2.000 17 12 10 11 7 34 19 10,100
-H14 Sheet and plate 0.009-1.000 20 17 14 12 10 40 25 10,100
-H16 Sheet 0.006-0.162 24 21 18 14 12 46 31 10,100
-H18 Sheet 0.006-0.128 27 24 20 15 14 49 34 10,100
3003-H12 Drawn tube All 17 12 it 11 7 34 19 10,100
-H14 Drawn tube All 20 17 16 12 10 40 25 10,100
-H16 Drawn tube All 24 21 19 14 12 46 31 10,100
-HI8 Drawn tube All 27 24 21 15 14 49 34 10,100
Alclad
3003-H12 Sheet and plate 0.017-2.000 16 11 9 10 6.5 32 18 10,100
-H14 Sheet and plate 0.009-1.000 19 16 13 12 9 38 24 10,100
-H16 Sheet 0.006-0.162 23 20 17 14 12 44 30 10,100
-H18 Sheet 0.006-0.128 26 23 19 15 13 47 32 10,100
Alclad
3003 Hi4g Drawn tube 0.010-0,500 19 16 15 12 9 3R 24 10,100
-H18 Drawn Tube 0.010-0.500 26 23 20 15 13 47 32 10,100
3004-H32 Sheet and plate 0.017-2.000 28 21 18 17 12 56 36 10,100
-H34 Sheet and plate 0.009-1.000 32 25 22 19 14 64 40 10,100
-H36 Sheet 0.006-0.162 35 28 25 20 16 70 45 10,100
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3004-H34 Drawn tube 0.018-0.450 32 25 24 19 14 64 40 10,100
-H36 Drawn tube 0.018-0.450 35 28 27 20 16 70 45 10,100
Alclad
3004-H32 Sheet 0.017-0.249 27 20 17 16 12 54 34 10,100
-H34 Sheet 0.009-0.249 31 24 21 18 14 62 38 10,100
-H36 Sheet 0.006-0.162 34 27 24 19 16 68 43 10,100
-Hi4 Sheet 0.009-0.249 32 26 22 19 15 64 39 10,100
-H16 Sheet 0.006-0.050 35 30 28 20 17 66 45 10,100
-H16 Sheet 0.051-0.162 35 30 26 20 17 66 45 10,100
-H131,
-H241, Sheet 0.024-0.050 31 26 22 18 15 62 39 10,100
-H341
-H151,
-H261, Sheet 0.024-0.050 34 30 28 19 17 66 45 10,100
-H361
3005-H25 Sheet 0.013-0.050 26 22 20 15 13 49 35 10,100
3006-H391 Sheet 0.010-0.050 31 27 27 20 16 60 44 10,100
3105-H25 Sheet 0.013-0.080 23 19 17 14 11 44 28 10,100
5005-H12 Sheet and plate 0.018-2.000 18 14 13 11 8 34 22 10,100
-H14 Sheet and plate 0.009-1.000 21 17 15 12 10 40 25 10,100
-H16 Sheet 0.006-0.162 24 20 18 14 12 48 30 10,100
-H32 Sheet and plate 0.017-2.000 17 12 11 11 7 34 20 10,100
-H34 Sheet and plate 0.009-1.000 20 15 14 12 8.5 40 24 10,100
-H36 Sheet 0.006-0.162 23 18 16 13 11 48 29 10,100
5050-H32 Sheet 0.017-0.249 22 16 14 14 9 44 27 10,100
-H34 Sheet 0.009-0.249 25 20 18 15 12 50 32 10,100
Rolled rod and bar
-H32 Drawn tube All 22 16 15 13 9 44 27 10,100
Rolled rod and bar
-H34 Drawn tube All 25 20 19 15 12 50 32 10,100
5052-H32 Sheet and plate All 31 23 21 19 13 60 39 10,200
-H34 Rolled rod and bar All 34 26 24 20 15 65 44 10,200
Drawn tube
-H36 Sheet 0.006-0.162 37 29 26 22 17 70 46 10,200
5083-H111 Extrusions up to 0.500 40 24 21 24 14 78 41 10,400
-HI111 Extrusions 0.501 and over 40 24 21 23 14 78 38 10,400
-H321 Sheet and plate 0.188-1.500 44 31 26 26 18 84 53 10,400
-H323 Sheet 0.051-0.249 45 34 32 26 20 88 58 10,400
-H343 Sheet 0.051-0.249 50 39 37 29 23 95 66 10,400
-H321 Plate 1.501-3.000 41 29 24 24 17 78 49 10,400
(Continued)
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TABLE 20-lI-A—MINIMUM MECHANICAL PROPERTIES FOR ALUMINUM ALLOYS—(Continued)
Values Are Given in Units of ksi (1,000 Ib/in2)

COMPRESSIVE
TENSION °°§‘.Z’§Es' SHEAR BEARING Pt
il R N 7 A~ B et e S
ANGE SEE i P P By P &
ALLOY AND
TEMPER PRODUCT! x 25.4 for mm x 6.89 for MPa
5086-H111 Extrusions up to 0.500 36 21 18 21 12 70 36 10,400
-H111 Extrusions 0.501 and over 36 21 18 21 12 70 34 10,400
-H112 Plate 0.250-0.499 36 18 17 22 10 72 31 10,400
-H112 Plate 0.500-1.000 35 16 16 21 9 70 28 10,400
-H112 Plate 1.001-2.000 35 14 15 21 8 70 28 10,400
-H112 Plate 2.001-3.000 34 14 15 21 8 68 28 10,400
-H32 Sheet and plate All 40 28 26 24 16 78 48 10,400
-H34 Drawn tube All 44 34 32 26 20 84 58 10,400
5154-H38 Sheet 0.006-0.128 45 35 33 24 20 81 56 10,300
5454-H111 Extrusions up to 0.500 33 19 16 20 11 64 32 10,400
-H111 Extrusions 0.501 and over 33 19 16 19 11 64 30 10,400
-HI12 Extrusions up to 5.000 31 12 13 19 7 62 24 10,400
-H32 Sheet and plate 0.020-2.000 36 26 24 21 15 70 44 10,400
-H34 Sheet and plate 0.020-1.000 39 29 27 23 17 74 49 10,400
5456-H111 Extrusions up to 0.500 42 26 22 25 15 82 44 10,400
-HI111 Extrusions 0.501 and over 42 26 22 24 15 82 42 10,400
-H112 Extrusions up to 5.000 41 19 20 24 11 82 38 10,400
-H321 Sheet and plate 0.188-1.250 46 33 27 27 19 87 56 10,400
-H321 Plate 1.251-1.500 44 31 25 25 18 84 53 10,400
-H321 Plate 1.501-3.000 41 29 25 25 17 82 49 10,400
-H323 Sheet 0.051-0.249 48 36 34 28 21 94 61 10,400
-H343 Sheet 0.051-0.249 53 41 39 31 24 101 70 10,400
6005-TS Extrusions up to 0.500 38 35 35 24 20 80 56 10,100
6061-T6, Sheet and plate 0.010-4.000 42 35 35 27 20 88 58 10,100
-T651
-Té, . Extrusions up to 3.000 38 35 35 24 20 80 56 10,100
-T6510
-Té6, Rolled rod and bar up to 8.000 42 35 35 27 20 88 56 10,100
-1651
-T6 Drawn tube 0.025-0.500 42 35 35 27 20 88 56 10,100
-T6 Pipe up to 0.999 42 35 35 27 20 88 56 10,100
-T6 Pipe over 0.999 38 35 35 24 20 80 56 10,100
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6063-TS Extrusions up to 0.500 22 16 16 13 9 46 26 10,100
-TS Extrusions over 0.500 21 15 15 12 8.5 44 24 10,100
-T6 Extrusions All 30 25 25 19 14 63 40 10,100
Pipe
6351-T5 Extrusions up to 1.00 38 35 35 24 20 80 56 10,100

Values also apply to -T6511 temper.

2F,, and Fpy are minimum specified values (except for Alclad 3004-H14, -H16 and Fyy, for Alclad 3003-H18). 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.

TABLE 20-1I-B—MINIMUM MECHANICAL PROPERTIES FOR WELDED ALUMINUM ALLOYS!

(Gas Tungsten Arc or Gas Metal Arc Welding with No Postweld Heat Treatment)

TENSION COMPRES- SHEAR EARIN
PRODUCT RAANB?GEHICKNESS 5 S 2 :'ONZ F F 8 G
ey R w wr ar W |
ALLOY AND TEMPER x 25.4 for mm x 6.89 for MPa
1100-H12, -H14 Al 1 a5 45 8 25 23 8
3003-HI2, -H14, -H16, All 14 7 7 10 4 30 12

-HI8
Alclad
3003-H12, -H14, -H]16, All 13 6 6 10 3.5 30 1

-HI8
3004-H32, -H34, -H36 All 2 11 1 14 65 % 20
Alclad
3004-H32, -H34, -H14, All 21 1 1 13 6.5 44 19

-H16
3005-H25 Sheet 0.013-0.050 17 9 9 12 5 36 15
5005-H12, -H14, ‘H32,

12 Al 14 7 7 9 4 28 10
5050-H32, -H34 All 13 8 8 2 45 36 12
5052-H32, -H34 All 25 13 13 16 75 50 19
5083-HI11 Extrusions 39 21 20 23 12 78 32

-H321 Sheet and plate 0.188-1.500 20 2 24 24 14 80 36

-H321 Plate 1.501-3.000 39 23 23 24 13 78 34

“H323, -H343 Sheet 40 24 24 24 14 80 36

(Continued)
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(Gas Tungsten Arc or Gas Metal Arc Welding with No Postweld Heat Treatment)

TABLE 20-1l-B—MINIMUM MECHANICAL PROPERTIES FOR WELDED ALUMINUM ALLOYS1—(Continued)

COMPRES-
SION

PRODUCT AND THICKNESS TENSION SHEAR BEARING
1 2 Foing? F, F.
foy o ] R aay ar W | w
ALLOY AND TEMPER x 25.4 for mm x 6.89 for MPa
5086-H111 Extrusions 35 18 17 21 10 70 28
-H112 Plate 0.250-0.499 35 17 17 21 9.5 70 28
-H112 Plate 0.500-1.000 35 16 16 21 9 70 28
-H112 Plate 1.001-2.000 35 14 14 21 8 70 28
-H32, -H34 Sheet and plate 35 19 19 21 11 70 28
5086-H111 Extrusions 35 18 17 21 10 70 28
-H112 Plate 0.250-0.499 35 17 17 21 9.5 70 28
-HI112 Plate 0.500-1.000 35 16 16 21 9 70 28
-H112 Plate 1.001-2.000 35 14 14 21 8 70 28
-H32, -H34 Sheet and plate 35 19 19 21 11 70 28
5154-H38 Sheet 30 15 15 19 85 60 23
5454-H111 Extrusions 31 16 15 19 95 62 24
-H112 Extrusions 31 12 12 19 7 62 24
-H32, -H34 Sheet and plate 31 16 16 19 9.5 62 24
5456-H111 Extrusions 41 24 22 24 14 82 38
-H112 Extrusions 41 19 19 24 i1 82 38
-H321 Sheet and plate 0.188-1.500 42 26 24 25 15 84 38
-H321 Plate 1.501-3.000 41 24 23 25 14 82 36
-H323, -H343 Sheet 42 26 26 25 15 84 38
6005-T5 Extrusions 24 17 17 15 10 50 30
Up to 0.250
6061-T6, -T6513 All 24 20 20 15 12 50 30
-T6, -T6514 Over 0.375 24 15 15 15 9 50 30
6063-T5, -T6 All 17 11 11 11 6.5 34 22
6351-Ts! Extrusions 24 20 20 15 12 50 30
-T54 Over 0.375 24 15 15 15 9 50 30

'Vaiues of Fyy arc ASME weld ualificaiion iesi values.
20.2 percent offset in 10-inch (254 mm) gauge length across a butt weld.

3Values 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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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 stress 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 contact 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 corzs, notches, cells and
unbedded areas. Net area is the actual surface area of a cross section of masonry.

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 1!/, square inches (967
mm?).

CLEANOUT 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 LIFT 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 same 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!/5 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.
Ap = cross-sectional area of anchor bolt, square inches (mm32).
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effective area of masonry.

gross area of wall.

total area of special horizontal reinforcement through a wall frame joint, square inches
(mm?2).

net area of masonry section bounded by wall thickness and length of section in the direc-
tion of shear force considered, square inches (mm?2).

area of tension (pullout) cone of an embedded anchor bolt projected onto the surface of
masonry, square inches (mm?),

= effective cross-sectional area of reinforcement in a column or flexural member.

= effective area of steel, square inches (mm?).

= 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 boilts, pounds (N).
effective width of rectangular member or width of flange for T anc! / 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 Pyy.
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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= 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.
fmd =
= modulus of rupture.
fv =
= computed shear stress due to design load.
f; =
= 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

computed compressive stress in masonry due to dead load only.
computed stress in reinforcement due to design loads.

tensile yield stress of reinforcement.

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 centroid 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 masonry 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.

= 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 PA effects.
= factored moment.

= modular ratio

= E I/ E,.

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 the 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 moments 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, Ay, to the area bd.

= ratio of distributed shear reinforcement on a plane perpendicular to plane of A,,.
= 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 requiremerts 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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;102.2 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 bzlow are recog-
nized standards. See Sections 3502 and 3503.

1.

3.

Aggregates.

1.1 ASTM C 144, Aggregates for Masonry Mortar
1.2 ASTM C 404, Aggregates for Grout

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 19-1, Portland Cement and Blended Hydraulic Cemer.ts
2.3 U.B.C. Standard 21-14, Mortar Cement

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 N and 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.

. 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 Masonry 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
I1, 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 havirg 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
10. 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 section. Special mor-
tars, grouts or bonding systems may be used, subject to satisfactory evidence: 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. Cementitious 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 f7,. 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 the constituents.
Grout shall have a minimum compressive strength f of 2,000 pounds per square inch (14.0 MPay).

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 specified 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.

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 clzan 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.

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 L/m?) during a period of one minute. In the
absorption test, the surface of the unit shall be held !/g inch (3 mm) below the surface 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 stored 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 Section 2104.3.4.

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 120°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 —=7°C.): Sand and mixing water shall be heated to
produce mortar temperatures between 40°F. and 120°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 120°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. (-7°C.).

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 32°F. 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. (—~7°C.) 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 120°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 /4 inch (6 mm) or more than ! inch (25 mm);
subsequent bed joints shall not be less than !/4 inch (6 mm) or more than /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 not be mortared.
The beveled ends shall form a grout key which permits grout within 5/ 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 !/, inch (13 mm) for d equal to 8 inches (200 mm) or less, * 1 inch (+ 25 mm) for d equal to
24 inches (600 mm) or less but greater than 8 inches (200 mm), and = 1!/ inches (32 mm) for d
greater than 24 inches (600 mm).

Tolerance for longitudinal location of reinforcement shail be * 2 inches (51 mm).
2104.6 Grouted Masonry.

2104.6.1 General conditions. Grouted masonry shall be constructed in such a manner that all ele-
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 !/, 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 1!/, 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/, 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 shown 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 shali 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 puddied.

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 multiwythe grouted masonry, vertical barriers of masonry shall be built across the grout space
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 e 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, sich 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.

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 materials 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 f7,.

2105.3.1 General. Compliance with the requirements for the specified compressive strength of
masonry f, shall be in accordance with one of the sections in this subsection.

2105.3.2 Masonry prism testing., The compressive strength of masonry determined in accor-
dance with U.B.C. Standard 21-17 for each set of prisms shall equal or exceed f*,,. Compressive
strength of prisms shall be based on tests at 28 days. Compressive strength at seven 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 under 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 (465 m2)
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 f7, in
accordance with Section 2105.3.2, 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 representative of the materi-
als used to construct the prisms prior to construction.

2105.3.3 Masonry prism test record. Compressive strength verification by masonry 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 (465 m?2)
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 1.

2105.3.4 Unit strength method. Verification by the unit strength method shall meet the follow-
ing:

1. When full allowable stresses are used in design, units shall be tested pricr to construction and
test units during construction for each 5,000 square feet (465 m2) of wall area for compressive
strength to show compliance with the compressive strength required in Tabl: 21-D; and

EXCEPTION: Prior to the start of construction, prism testing may be used in lieu of testing the unit
strength. During construction, prism testing may also be used in licu 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 shail 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 (465 m2) 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, groul 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 masonry 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 m?2) 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 of U.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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3. Compliance with the requirement for the specified compressive strength ¢f masonry, f/,,
shall be considered satisfied provided the modified compressive strength equals or exceeds the spe-
cified f7,. 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 UJ.B.C. Standard
21-18.

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 cr the empirical
design provisions of Section 2109, and with the provisions of this section. Unless atherwise 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 nonbearing 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 distance 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 multiwythe 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/;¢-inch-diameter (9.5 mm) wall tie for each 41/, square feet (0.42 m2)
of wall area. For cavity walls in which the width of the cavity is greater than 3 inckes (75 mm), but
not more than 4!/; inches (115 mm), at least one 3/¢-inch-diameter (9.5 mm) wall tie for each
3 square feet (0.28 m?) 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 shall 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 1!/4 inches (32 mm).

2. Maximum clearance between the connecting parts of the tie shall be 1/ inch (1.6 mm). When
used, pintle ties shall have at least two 3/;¢-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
used.

2106.1.5.3 Wall ties for grouted multiwythe construction. Wythes of multiwythe walls shall be
bonded together with at least 3/ g-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 equivalznt 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 m?) 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 is not filled, tied walls
shall conform to the allowable stress, lateral support, thickness (excluding cavity), 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/, inch (6 mm) or more
than 1 inch (25 mm) in thickness and shall be of noncombustible material, exczpt 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/g-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 !/4 inch
(6 mm), except that 174 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: 1. Rigid electric conduits may be embedded in structural masonty 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 structure 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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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 masoriry 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 corner, 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 mm?) in cross-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 1 of this
paragraph.

4. Where stack bond is used, the minimum horizontal reinforcement ratio shall bz 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 O 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 Occupancies in Seis-
mic Zone 3 in which the 47 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 overturning forces
due to the seismic loads of Part III of Chapter 16; 8 inches (203 mm) for the tops arid bottoms of all
other columns for a distance of one sixth of the clear column height, but not less thaa 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 inches (457 mm).
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Column ties shall terminate with a minimum 135-degree bend with a six-bar diameter, but not

less than
ects into

4-inch (102 mm) extension that engages the longitudinal column reinforcement and proj-
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 may 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

2.2

23

24

Reinforcement. The portion of the reinforcement required to resist shear shall be uni-
formly distributed and shall be joint reinforcement, deformed bars 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 determination 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
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.

Bond. Multiwythe 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.

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 rainimum 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
2106.1.12.3, 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 corners 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.

Stack bond. Where stack bond is used, the minimum horizontal reinforcement ratio
shall be 0.0015b1. Where open-end units are used and grouted solid, the minimum hori-
zontal reinforcement ratio shall be 0.0007bt.

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 !/} 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 reinforcement 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.

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 comply with the re-
quirements of this section. Additionally, the design of reinforced masonry structures 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 of f/,, selected for the construction.

Verification of the value of f7, shall be based on compliance with Section 2105.3. Unless other-
wise specified, f7, shall be based on 28-day tests. If other than a 28-day test age is used, the value of
fm shall be as indicated in design drawings or specifications. Design drawings shal. show the value
of f’, 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 Multiwythe walls. The effective thickness of multiwythe walls is the specified thick-
ness of the wall if the space between wythes is filled with mortar or grout. For wails 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, each 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 sides 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 2106.2.3.1 and 2106.2.3.2. 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 on 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 to 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 paraliel 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-cenier 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 elements of the building shall
be designed to carry their own weight plus any superimposed finish and lateral forces. Bonding or
anchorage of nonbearing wails 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 /g of the clear span under total loads. Lintels shall 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 £, to a point on the curve at 0.33 f/,,. These 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.

Ey =750 f7,, 3,000,000 psi (20.5 GPa) maximum (6-3)
Modulus of elasticity of concrete unit masonry.
E,, =750 f%,, 3,000,000 psi (20.5 GPa) maximum (6-4)
2106.2.12.2 Modulus of elasticity of steel.
E; =29,000,000 psi (200 GPa) (6-5)
2106.2.13 Shear modulus of masonry.
G=04E, (6-6)

2106.2.14 Placement of embedded anchor bolts.

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/; 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 [, 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 [, 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 grout between the
bolt and the masonry, except that !/4-inch-diameter (6.4 mm) bolts may be placed in bed joints
which are at least !/, inch (13 mm) in thickness.

2106.2.14.2 Minimum edge distance. The minimum anchor bolt edge distance /,, measured
from the edge of the masonry parallel with the anchor bolt to the surface of the anchor bolt shall be
11/, inches (38 mm).

2106.2.14.3 Minimum embedment depth. The minimum embedment depth of anchor bolts [,
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 resistance 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 Reinforced 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 !/4 inch (6.4 mm) in diarneter 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 1 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 !/4 inch (6 mm) for fine grout and !/, inch (13 mm) for coarse grout. Cross webs 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:

1. The shear is not over one half that permitted, including allowance for shear reinforcement
where provided.

2. Additional shear reinforcement in excess of that required is provided each way from the cutoff
a distance equal to the depth of the beam. The shear reinforcement spacing shall not exceed d/8n,.

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 /¢ of the clear span, or the depth d of the member,
whichever is greater.

Tensile reinforcement for negative moment in any span of a continuous restrained 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 l/4 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 distance where compres-
sion reinforcement is required.

2106.3.5 Anchorage of shear reinforcement. Single, separate bars used as shear reinforcement
shall be anchored at each end by one of the following methods:

1. 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 by one of the methods
set forth in Items 1 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 corner 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 corner 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 farther than 6 inches (153
mm) from such laterally supported bar.

Lateral ties and longitudinal bars shall be placed not less than 1!/, 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 /4 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 mm?2) 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.

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 masonry under service
loads shall not exceed the values given in this section.

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 f7,
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 of f, is verified by tests in accordance with
Section 2105.3.4, Items 1 and 4 or 6. A letter of cettification is not required.

When one half allowable masonry stresses are used for design in Seismic Zones 3 and 4, the value
of £/, 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, Item 3, and Section 2105.3.3, Item 5, unless the value of 7, is veri-
fied during construction by the testing requirements of Section 2105.3.2, Item 2. A letter of certifi-
cation is not required.

2107.1.3 Minimum dimensions for masonry structures built in Seismic Zones 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 nominal 4-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 !/, 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 column 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:

1. 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 selected from Tables
21-E-1 and 21-E-2 or shall be determined from the lesser of Formula (7-1) cr Formula (7-2).

B, = 054, [f'n (7-1)
For SI: B, = 0.0424, /f
B, = 02A,f, (7-2)

The area A, shall be the lesser of Formula (7-3) or Formula (7-4) and where :he projected areas of
adjacent ancgor bolts overlap, A, of each anchor bolt shall be reduced by one half of the overlapping
area.

A, = 7,2 (7-3)
A, = al,? (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).

B, = 350 ¥f".A, (7-5)
For SI: B, = 1070 {f".A,
B, = 0.12A,f, (7-6)

Where the anchor bolt edge distance /. in the direction of load is less than 12 bolt diameters, the
value of B, in Formula (7-5) shall be reduced by linear interpolation to zero at an [, distance of 17,
inches (38 mm). Where adjacent anchors are spaced closer than 8djp, 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).

b, , b,
ETE <10 (-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.

Ja=P/A (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 over the effective area.

2107.1.6.3 Columns, bending or combined bending and axial loads. Strzsses in columns due
to combined bending and axial loads shall satisfy the requirements of Section 2107.2.7 where f;/F,
is replaced by P/P,. 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 2106.2.12.

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 2106.1.5.2 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 various materials
and different boundary conditions of various wythes shall be included in the desizn.

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 masonry units shall
not exceed 50 percent of those permitted for new masonry units of the same properties.

2107.2 Design of Reinforced Masonry.

2107.2.1 Scope. The requirements of this section are in addition to the requiremznts of Sections
2106 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 2108.2.6.1.2 may be designed in accordance with Scction 2108.2.6.
Walls used to resist lateral loads not meeting the dimensional limits of Section 2108.2.6.1.2 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/, inches (38 mm) of cover when the masonry is exposed to wearher and 2 inches
(51 mm) of cover when the masonry is exposed to soil.

2107.2.2.3 Development length. The required development length Iy for deformed bars or de-
formed wire shall be calculated by:

1; = 0.002 dj, f; for bars in tension -9
For SI: 1;=0.29 gy, f; for bars in tension
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Iy = 0.0015 dp, f; for bars in compression (7-10)

For SI: Iy = 0.22 dj, f; 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 shzll not exceed the fol-
lowing:

Plain Bars 60 psi (413 kPa)
Deformed Bars 200 psi (1378 kPa)
Deformed Bars without Special Inspection 100 psi (689 kPa)

2107.2.2.5 Hooks.
1. The term “standard hook” shall mean one of the following:
1.1 A 180-degree turn plus extension of at least four bar diameters, tut not less than 21/,
inches (63 mm) at free end of bar.
1.2 A 90-degree turn plus extension of at least 12 bar diameters at fre:: end of bar.

1.3 For stirrup and tie anchorage only, either a 90-degree or a 135-degree turn, plus an exten-
sion of at least six bar diameters, but not less than 2!/5 inches (63 mm) at the free end of
the bar.

2. Inside diameter of bend of the bars, other than for stirrups and ties, shall not 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
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 without 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 transfer the allowable
stress of the reinforcement as specified in Sections 2106.3.4, 2107.2.2.3 and 2107.2.12. In no case
shall the length of the lapped splice be less than 30 bar diameters for compression 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 mm) or less, the required
lap length shall be increased 30 percent.

EXCEPTION: Where lap splices are staggered at least 24 bar diameters, no increase 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 F, shall be determined as follows:

, 2
F,= O.25f’m[1 - (ﬁé;) ]forh’/r < 99 (7-11)
2
= 0.25f',n(1’?,1) for h'/r > 99 (7-12)

For reinforced masonry columns, the allowable axial compressive force P, shall be determined
as follows:

, 2
P, = [0.25f A, + 0.65A3Fu.]|:1 - (Tilo_r) ]for h/r<99 (7-13)
2
P, = [0.25f A, + 0.65Axch](z}:),—r) forh'/r > 99 (7-14)

2107.2.6 Allowable flexural compressive stress. The allowable flexural compressive stress Fp,
is:

Fp =033 f%,, 2,000 psi (13.8 MPa) maximum (7-15)

2107.2.7 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 Formula (7-16):

fo S

Pt sl (7-16)

2107.2.8 Allowable shear stress in flexural members. Where no shear reinfcrcement is pro-
vided, the allowable shear stress F, in flexural members is:

F, =1.0 J/f',, 50 psi maximum 7-17)
For SI: F, =0.083 /f',, 345 kPa maximum

EXCEPTION: For a distance of !/1¢ the clear span beyond the point of inflection, the maximum stress shall
be 20 psi (140 kPa).

Where shear reinforcement designed to take entire shear force is provided, the allowable shear
stress F), in flexural members is:

v=3.0 /f'm 150 psi maximum (7-18)
For SI: F,=0.25 /f',,, 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 F, in shear walls is:
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=1 M) [ —45M i .
ForM/Vd< 1, F, = /3 (4 Vd) Vf ms (80 45 Vd) maxinum (7-19)
. =1 M\ o —310M i
For SI: F, =15 (4 Vd) f ms (551.2 310Vd) maximura
ForM/vd = 1, F, = 1.0 /f',, 35 psi maximum (7-20)
For SI: F, =112 Jf'm» 240 kPa maximum

Where shear reinforcement designed to take all the shear is provided, the allowable shear stress
F, in shear walls is:

M ; M .
ForM/Vd<1,F, =1/, ( - W) Jf o (120 - 45W) maxinum (7-21)
. - M 7 M .
For SI: For M/Vd < 1, F, = /5,4 (4 - W) I ms (826.8 - 310W) mwaximum
ForM/Vd = 1, F, = 1.5 J/f',, 75 psi maximum (7-22)
For SI: For M/Vd = 1, F, =0.12 /f',., 520 kPa maximum

2107.2.10 Allowable bearing stress. When a member bears on the full arza of a masonry ele-
ment, the allowable bearing stress Fy, is:

Fpr =026, (7-23)

When a member bears on one third or less of a masonry element, the allowable bearing stress Fj,,
is:

Fpr =038 ' (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 thirc 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, F;.
1.1 Deformed bars,

F;=0.5f,, 24,000 psi (165 MPa) maximum (7-25)
1.2 Wire reinforcement,

F; = 0.5 f;, 30,000 psi (207 MPa) maximum (7-26)
1.3 Ties, anchors and smooth bars,

Fy =04 £, 20,000 psi (138 MPa) maximum (7-27)

2. Compressive stress Fg, F;.
2.1 Deformed bars in columns,

F5c = 0.4 £, 24,000 psi (165 MPa) maximum (7-28)
2.2 Deformed bars in flexural members,
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Fy =0.5 £, 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
174 inch in diameter and spaced not farther apart than 16 bar diameters or 48 tie diameters,

Fyc = 0.4 f, 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 Fj, 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 A, and not more than 0.04 A,. 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 f; 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 A’/ 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.

1. Compressive stress in the masonry:

f,=M|(2
b bd? \jk 730
2. Tensile stress in the longitudinal reinforcement:
- M
fs = Asﬂ (7'32)

3. Design coefficients:

k = J@np)? + 2np — np (7-33)

or
k= —1 (7-34)
fs =
1+ A
A 4 .
j=1-3 (7-35)
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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 = Z'——,,jd (7-36)

2107.2.17 Shear in flexural members and shear walls. The shear stress in flexural members and
shear walls shall be computed by:

|4
fo = bid (7-37)
For members of T or I section, b’ shall be substituted for b. Where f, as computed by Formula
(7-37) exceeds the allowable shear stress in masonry, F,, web reinforcement shall 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:

sV
F.d (7-38)

Where web reinforcement is required, it shall be so spaced that every 45-cegree 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.

A, =

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 Sections 2106 and 2107.1.

2107.3.2 Allowable axial compressive stress. The allowable axial compressive stress F, is:

2
- ! _ h' ' _
F, = 025f,, [1 ("—140r) ] for k' /r <= 99 (7-39)
2
F, = 025 f’m(lh"-,f) for h'/r > 99 (7-40)

2107.3.3 Allowable flexural compressive stress. The allowable flexural compressive stress Fp,
is:

Fp =0.33 f%,, 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):

£ f
Ftp s (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, F;.

The allowable tensile stress for walls in flexure without tensile reinforcement using portland
cement and hydrated lime, or using mortar cement Type M or S mortar, shall not exceed the values
in Table 21-1.

2-327



2107.3.5-2107.3.13 1994 UNIFORM BUILDING CODE

Values in Table 21-I 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 stress F, in flexural
members is:

Fy, =1.0 J/f',, 50 psi maximum (7-43)
For SI: F, =0.083 /f',, 345 kPa maximum
EXCEPTION: For a distance of !/6th the clear span beyond the point of inflection, the maximum stress

shall be 20 psi (138 kPa).

2107.3.7 Allowable shear stress in shear walls. The allowable shear stress F), in shear walls is as
follows:

1. Clay units, F, = 0.3 /f',,, 80 psi maximum (7-44)
For SI: F, = 0.025 /f' ., 551 kPa maximum

2. Concrete units with Type M or S mortar, F,, = 34 psi (234 kPa) maximum.
3. Concrete units with Type N mortar, F,, = 23 psi (158 kPa) maximum.
4. The allowable shear stress in unreinforced masonry may be increased by 0.2 f,,4.

2107.3.8 Allowable bearing stress. When a member bears on the full area of a masonry element,
the allowable bearing stress Fp, shall be:

Fpr=0.26 f'n (7-45)

When a member bears on one-third or less of a masonry element, the allowable b:aring stress Fy,,
shall be:

Fpy =038 ' (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 1oaded 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 stresses. 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:

fo=Mc/l (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).

fr=V/A (7-48)

2107.3.13 Corbels. The slope of corbelling (angle measured from the horizontal (o 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 mm) 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 2108.2.1 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 f7, 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=14D+L+E) 8-1)

U=09D = 14E (8-2)
2. Required strength U to resist dead load D and live load L shall be at least equal to:
U=14D+1.7L (8-3)

3. If resistance to structural effects of a specified wind load W are included in design, the follow-
ing combinations of D, L and W shall be investigated to determine the greates! required strength U.

U=0.751.4D+1.7L + 1.7TW) (8-4)
where load combinations shall include both full value and zero value of L to determine the more
severe conditions, and

U=09D + 1.3W (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=14D+1.7L+ 1.7H (8-6)

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 the value determined from Formu a (8-3).

S. 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 have a load factor of 1.4
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=07501.4D+1.4T+ 1.7L) @8-7
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but required strength U shall not be less than:
U=14D+T (8-8)

2108.1.4 Design strength. Design strength is the nominal strength, multiplied by the strength-
reduction factor, ¢, as specified in this section. Masonry members shall be proportioned 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 ¢ shall be determined from
Formula (8-9):

P,
Acf'm
and 0.60 < ¢ < 0.80
2108.1.4.1.2 Shear. Shear: ¢ = 0.60
2108.1.4.2 Wall design for out-of-plane loads.
2108.1.4.2.1 Walls with factored axial load of 0.04 f/, or less.
Flexure: ¢ = 0.80.

2108.1.4.2.2 Walls with factored axial load greater than 0.04 %,
Axial load and axial load with flexure: ¢ = 0.80.
Shear: ¢ = 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: ¢ = 0.65.

For walls with symmetrical reinforcement in which £, does not exceed 60,000 psi (413 MPa), the
value of ¢ may be increased linearly to 0.85 as the value of ¢ P, decreases from 0.10 f/, A, or 0.25
Py, to zero.

$=08- (8-9)

For solid grouted walls, the value of P, may be calculated by Formula (8-10)
Py =0.85 1", bay, (8-10)
WHERE:
ap = 0.85d {eny | lemu + (fy 7 E)]} (8-11)
2108.1.4.3.2 Shear. Shear: ¢ = 0.60

The value of ¢ may be 0.80 for any shear wall when its nominal shear strength exceeds the shear
corresponding to development of its nominal flexural strength for the factored-load combination.

2108.1.4.4 Moment-resisting wall frames.

2108.1.4.4.1 Flexure with or without axial load. The value of ¢ shall be as determined from For-
mula (8-12); however, the value of ¢ shall not be less than 0.65 nor greater than 0.85.

¢ = 0.85 — Z(AP;, ) (8-12)

2108.1.4.4.2 Shear. Shear: ¢ = 0.80
2108.1.4.5 Anchor. Anchor bolts: ¢ = 0.80
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2108.1.4.6 Reinforcement.

2108.1.4.6.1 Development. Development: ¢ = 0.80
2108.1.4.6.2 Splices. Splices: ¢ = 0.80

2108.1.5 Anchor bolts.

2108.1.5.1 Required strength. The required strength of embedded anchor bolts shall be deter-
mined from factored loads as specified in Section 2108.1.3.

2108.1.5.2 Nominal anchor bolt strength. The nominal strength of anchor 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).

B, = 104, [f'n (8-13)
For SI: B,, = 0.084A, Jf'.,
B, = 0.4A,f, (8-14)

The area A,, shall be the lesser of Formula (8-15) or (8-16) and where the projected areas of adja-
cent anchor lgolts overlap, the value of A, of each anchor bolt shall be reduczd by one half of the
overlapping area.

Ap =T lp? (8-15)
Ap =T Iy, (8-16)

The nominal shear capacity of anchor bolts shall be determined from the lesser of Formula (8-17)
or (8-18).

B,, = 900 Y7, A, (8-17)
For SI: B, = 2750 Jf'n A,
B,, = 0.25A,f, (8-18)

Where the anchor bolt edge distance, /., in the direction of load is less than 12 bolt diameters, the
value of By, in Formula (8-17) shall be reduced by linear interpolation to zero at an /,, distance of
1!/5 inches (38 mm). Where adjacent anchor bolts are spaced closer than 8cl,, 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).

b

w_ o b
$Bn

+ $B__m < 1.0 (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 requirements 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, e,,,, at the extreme masonry compression fiber shall:
1. 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 2108.2.6.2.6 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 strength f, for grade of reinforcement used shall be
taken as E times steel strain. For strains greater than that corresponding to f;, stress in reinforce-
ment shall be considered independent of strain and equal to f,.

Tensile strength of masonry walls shall be neglected in flexural calculations of strength, 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 f7, 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 = 0.85¢ from the fiber of maximum compressive strain. Distance ¢ from fiber of max-
imum strain to the neutral axis shall be measured in a direction perpendicular to that 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/; inches (38 mm).

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 1!/, inches (38 mm) nor less than 2.5 d,.

2108.2.2.4 Standard hooks. A standard hook shall be one of the following:

1. A 180-degree turn plus an extension of at least four bar diameters, but not less than 2!/, 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 not be less than the
values in Table 21-G.

Inside diameter of bends for stirrups and ties shall not be less than 4dj, 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).

ly=lge 10 (8-20)
WHERE:
0.15d,
I, = 0154, , 52d, (8-21)
KJf'm
1.84,’f,
For SI: L, = —22 < 524,
KJf'm

K shall not exceed 3dj,.
The minimum embedment length of reinforcement shall be 12 inches (305 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).
lo = lge/ O (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, f,.

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, £,.

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 £/, shall not be less than 1,500 psi (10.3 MPa). For computational purposes, the
value of f7,, 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 cortribution of all piers,
beams and columns.

The effects of cracking on member stiffness shall be considered. Unless stiffness values are
obtained by a more comprehensive analysis, the effective moment of inertia shall be determined in
accordance with Formula (8-23).

3 3
MC' MCr
1, = (—M—;) I, + [1 - (E) :|]c, =1 (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, py, shall be based on the following assumptions:
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1. The distribution of strain across the section shall be assumed to vary linearly from the maxi-
mum usable strain, €, at the extreme compression fiber of the element, to a yield strain of £/E; 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 1.0D + 1.0L + (1.4E or

1.3W).

3. The reinforcement shall be assumed to be uniformly distributed over the depth of the element
and the balanced reinforcement ratio shall be calculated as the area of this reinforceinent 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, ¢, specified in Section 2108.1.4.

2108.2.3.6 Nominal strength.

2108.2.3.6.1 Nominal axial and flexural strength. The nominal axial strength, P, and the nom-
inal flexural strength, M,,, 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).

P, = 0.80[0.85 'm(A, — As) + fAs] (8-24)

2108.2.3.6.2 Nominal shear strength. The nominal shear strength shall be determined in accor-
dance with Formula (8-25).

Ve=Vp+V, (8-25)
WHERE:
Vi = CsA, Jf'm, 63C,A, maximum (8-26)
For SI: V,, = 0.083 C,A, J/f'», 63C,A, maximum
and
Vs = Aepn ky (8-27)

1. The nominal shear strength shall not exceed the value given in Table 21-J.

2. The value of V,, shall be assumed to be zero within any region subjected to net tension fac-
tored loads.

3. The value of V,, shall be assumed to be 25 psi (172 kPa) where M,, is greater than 0.7 M,,. The
required moment, M,,, for seismic design for comparison with the 0.7 M,, value of ihis section shall
be based on an R,, 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 pp.

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 percent 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 yicld 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 shear 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 R,, not greater than three and where all joints
satisfy the provisions of Section 2108.2.6.2.9, the piers may be used to provide seismic 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 coripression 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 =0 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', A,.
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 (305 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 cornply with the require-
ments of this section. The factored axial compressive force on a beamn shall not exceed 0.05 A, f'y,.
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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, f;, 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 V,
exceeds V,,. Required shear, V,,, shall include the effects of drift. The value of V,, shall be based on
3R,,/8 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 on the piers shall
not exceed 0.3 A, f'p,.

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 pier.

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 V,
exceeds V,,. Required shear, V,,, shall include the effects of drift. The value of V, shall be based on
3R,,/8 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-degree 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 corner 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 A,.
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 exceed 0.5p.

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 7, 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 Iccation of maximum
moment does not exceed 0.04f%, as computed by Formula (8-28). The value cf f/,, shall not exceed
6,000 psi (41.3 MPa).

P, + P
A—f < 0.04f", (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, M,,, at the midheight of the wall shall te determined by For-
mula (8-29).

M, = W“8h2 + PyS + PLA, (8-29)
WHERE:
Ay = deflection at midheight of wall due to factored loads
P, =Py + Py (8-30)
The design strength for out-of-plane wall loading shall be determined by Formula (8-31).
M, < 0M, (8-31)
WHERE:
M, = As fy (d— al2) (8-32)
Ase = (As fy + Pu) 1 fy, effective area of steel (8-33)
a=(P, + A; f;) 1 0.85 f ', b, depth of stress block due to factored loads (8-34)

2108.2.4.5 Wall with axial load greater than 0.04f 7,. 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 7, but are less than 0.2f ", and the slenderness ratio #7/z does not exceed
30.

Design strength provided by the wall cross section in terms of axial force, shear 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).
Vo, = 2Am Jf'm (8-35)

For SI: V, = 0.1664A,, J/f
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2108.2.4.6 Deflection design. The midheight deflection, A, under service lateral and vertical
loads (without load factors) shall be limited by the relation:
A, = 0.007h (8-36)

PA effects shall be included in deflection calculation. The midheight deflection shall be com-
puted with the following formula:

5M,h?

A, = ——— < (8-37)
WBE,I, for M., M,
SM, R sM,, — Mk
= Ser Cr, " 8
A, W E, T, + ASET. forM, < M,, < M, (8-38)
The cracking moment strength of the wall shall be determined from the formula:
M. =S (3-39)

The modulus of rupture, f;, shall be as follows:
1. For fully grouted hollow-unit masonry,

fr = 4.0 /f",, 235 psi maximum (8-40)
For SI: f, = 0.33/f,, 1.6 MPa maximum
2. For partially grouted hollow-unit masonry,
fr = 2.5/f'm, 125 psi maximum (8-41)
For SI: f, = 0.21/f',., 861 kPa maximum
3. For two-wythe brick masonry,
fr = 2.0/f ., 125 psi maximum (8-42)
For SI: fr = 0.166 /f',,, 861 kPa maximum

2108.2.5 Wall design for in-plane loads.
2108.2.5.1 General. The requirements of this section are for the design of walls for in-plane
loads.

The value of f,, shall not be less than 1,500 psi (10.3 MPa) nor greater than 4,000 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.[.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 or 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 horixontal 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 section in terms of
axial force, shear and moment shall be computed as the nominal strength multiplied by the applica-
ble strength-reduction factor, ¢, specified in Section 2108.1.4.3.

2108.2.5.4 Axial strength. The nominal axial strength of the shear wall supporting axial loads
only shall be calculated by Formula (8-43).
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P, = 085f,(A. — A) + f,A, (8-43)
Axial design strength provided by the shear wall cross section shall satisfy Formula (8-44).
P, < 080¢P, (8-44)

2108.2.5.5 Shear strength. Shear strength shall be as follows:

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

Vo=V + Vi (8-45)
WHERE:
Vi = Cahm f'm (8-46)
For SI: Vo = 0.083 CyAn Jf'm
and
Ve = Amy Pof; (8-47)

3. For a shear wall whose nominal shear strength exceeds the shear corresponding 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,, above the base of the shear wall, the nominal shear strength shall be determined from For-
mula (8-48).

Vi = Ay pnfv (8-48)

The required shear strength for this region shall be calculated at a distance L,,/2 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:

1. Boundary members shall be provided at the boundaries of shear walls vhen the compressive
strains in the wall exceed 0.0015. The strain shall be determined using factored forces and R,, 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 of fally grouted moment-
resisting wall frames constructed of reinforced open-end hollow-unit concrete 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 16 inches (406 imm), 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 !/5¢ 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 (813 mm), whichever is greater.

The nominal width of piers shall not be less than the nominal width of the beaim, nor less than
8 inches (203 mm) or !/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
1628.8.2.
2108.2.6.2 Design procedure.

2108.2.6.2.1 Required strength. Except as required by Sections 2108.2.6.2.7 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 raultiplied by the
applicable strength-reduction factor, ¢, specified in Section 2108.1.4.4.

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 of f7, shall not be less than 1,500 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 ends of the member.

Lap splices shall be as defined in Section 2108.2.2.7. The center of the lap splice shall be at the
center of the member clear length.

Welded splices and mechanical connections conforming to Section 1912.14.3, Items 1 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 bars is at least 24
inches (610 mm) along the longitudinal axis.

Reinforcement shall not have a specified yield strength greater than 60,000 psi (413 MPa). The
actual yield strength based on mill tests shall not exceed the specified yield strength times 1.3.

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 (.10 A, f'y-

1. 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 section 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 shal! be 0.002.
Maximum reinforcement ratio calculated over the gross cross section shall be 0.15f 7, / ;.

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.

1. 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 0.15f%, /.
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 pier.

The maximum spacing of transverse reinforcement shall not exceed one half the nominal depth
of the pier.

The minimum transverse reinforcement ratio shall be 0.0015.

3. Lateral reinforcement. Lateral reinforcement shall be provided to corfine the grouted core
when compressive strains due to axial and bending forces exceed 0.0015, corresponding to factored
forces with R, 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:

Agp = 0.09sh. f'y, / fyn (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 accordar ce with the paragraph
above and including factored dead and live loads shall not exceed 0.15 A, f /.
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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 stiffness values are
obtained by a more comprehensive analysis, the effective moment of inertia shall be determined in
accordance with Formula (8-50).

3 3
Mcr Mt'f
1, = (-ﬁ-) I, + [1 - ( Ma) ]1 < 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):

Vo=V + V, (8-51)
WHERE:
Ve = CiAm Jf m (8-52)
For SI: V, = 0.083C A /f'm
and
Vs = Amy Pnfy (8-53)

The value of V,, shall be zero within an end region extending one pier depth from beam faces and
at any region where pier flexural yielding may occur during seismic loading, and a! piers subjected
to net tension factored loads.

The nominal pier shear strength, V,,, shall not exceed the value determined from Table 21-J.
3. Beam shear strength. The nominal shear strength shall be determined from Formula (8-54),
WHERE:

Vi

For SI: Va = 001A,, Jf'n
The value of V,, 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, V,,, shall be determined from Formula (8-5%).

V, = 4A,./f (8-55)

For SI: Vo < 0334, /fn
2108.2.6.2.9 Joints.

1. General requirements. Where reinforcing bars extend through a joint, the joint dimensions
shall be proportioned such that

1.2 Ay ' m (8-54)

h, > 4800dy,/ [f (8-56)

2-342



1994 UNIFORM BUILDING CODE 2108.2.6.2.9-2109.4.1

For SI: h, > 57827dy/ f
and
hy > 1800d,,/ /' (8-57)
For SI: hy, > 21685d,,//f'

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 ;.

Strength of joint shall be governed by the appropriate strength-reduction factors specified in Sec-
tion 2108.1.4.4.

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 2108.2.2.4, bent back to
the beam.

Pier longitudinal reinforcement terminating in a beam shall be extended 10 the far face of the
beam and anchored by a standard 90- or 180-degree hook, as defined in Seciion 2108.2.2.4, bent
back to the beam.

2. Transverse reinforcement. Special horizontal joint shear reinforcement crossing a potential
corner-to-corner diagonal joint shear crack, and anchored by standard hooks, as defined in Section
2108.2.2.4, around the extreme pier reinforcing bars shall be provided such that

A =05 Vi /f, (8-58)
Vertical shear forces may be considered to be carried by a combination of inasonry shear-resist-
ing mechanisms and truss mechanisms involving intermediate pier reinforcing bars.
3. Shear strength. The nominal horizontal shear strength of the joint shall not exceed 7 ‘/f_’,;
(For SI: 0.58 \/}:) 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 walls for lateral stability,
shear walls shall be provided parallel to the direction of the lateral forces resisted.

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 Section 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 exceed the values set
forth in Table 21-M. The allowable stresses given in Table 21-M for the weakest cornbination of the
units and mortar used in any load wythe shall be used for all loaded wythes of multiwythe walls.

2109.4.3 Stress calculations. Stresses shall be calculated based on specified rathzr 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-O.

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 cantilever 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 difterent 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 composzd.

2109.6 Minimum Thickness.

2109.6.1 General. The nominal thickness of masonry bearing walls in buildings 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 “evel.

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 thinner 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 (2438 mm), and
when the equivalent fluid weight of unbalanced fill does not exceed 30 pounds per cubic foot (480
kg/m2), the minimum thickness of foundation walls shall be as set forth in Table 21-P. Maximum
depths of unbalanced fill permitted in Table 21-P may be increased with the approvel 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 accordance 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 vertically or horizontally.
In walls in which a single header does not extend through the wall, headers frorn 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 mra) 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 bended with 3/ ¢-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/, square feet (0.42 m?2) 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 with the cells vertical.
In other walls, the ends of ties shall be bent to 90-degree angles to provide: hooks not less than
2 inches (51 mm) long. Additional ties shall be provided at all openings, space«d 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 (.25 m2) of wall area.
The vertical spacing of the joint reinforcement shall not exceed 16 inches (40€ 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 2106.1.12.3, Ttem 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 “ollowing 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 below.

2. Walls shall be anchored by steel connectors having a minimum secticn of 1/4 inch by 11/,
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 nonbearing 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 ths 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 joists 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 !/,-inch-diameter (13 mm) bolts at
6 feet (1829 mm) on center or their equivalent. Bolts shall extend and be embeclded at least 15
inches (381 mm) into the masonry, or be hooked or welded to not less than 0.2 square inch (129
mm?) 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 !/5-inch-diameter (13 mm) bolts
spaced at a maximum of 4 feet (1219 mm) on center and embedded at least 4 inches (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 10 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 greater thickness than 24
inches (610 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 shall 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 extzrior or interior
walls and in openings which might otherwise be filled with windows, either isolated 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 vertical and horizon-
tal mortar joints shall be at least 1/, inch (6 mm) and not more than 3/8 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 M per linear meter) of
wall, whichever is greater. The connection shall accommodate movement req tirements 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
1. Joint reinforcement in exterior panels shall be hot-dip galvanized in accordance with U.B.C.
Standard 21-10, Part 1.

2110.5 Size of Panels. Glass block panels for exterior walls shall not exceed 144 square feet (13.4
m?) 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
top, and these joints shall have sufficient thickness to accommodate displacerents of the support-
ing structure, but not less than 3/g inch (19.5 mm). Expansion joints shall be entirely 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 preducts of combustion
shall be designed, anchored, supported and reinforced as set forth in Chapter 21 and any applicable
provisions of this chapter.
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TABLE 21-A—MORTAR PROPORTIONS FOR UNIT MASONRY

PROPORTIONS BY VOLUME (CEMENTITIOUS MATERIALS)

AGGREGATE
Masonry Cement! Mortar Cement? Hydrated Lime MEASURED IN A
MORTAR Tvpe | Pgrtland Cement or 3 N M s N or Lime DA OORE
Cement-lime M 1 — _ — _ _ 1/,
S 1 — — — — — over gt 1/
N 1 — — — — — over /5 to 11/,
o 1 — — — — — over 114 to 21/
Mortar cement M 1 — — — — 1 — Not less than 21/4
M — — — 1 — — —_ and not more than 3
S h — — — — 1 — times the sum of the
S — — — — 1 — — separate volumes of
N — — — — — 1 — cementitious
Masonry cement M 1 — 1 — — — — materials.
M _ _ _ — _ — _
N 1, — 1 — — — —
S = 1 — — — — —
N — — 1 — — — —
0 — — ! — — — —

IMasonry cement conforming to the requirements of U.B.C. Standard 21-11.
ZMortar cement conforming to the requirements of U.B.C. Standard 21-14.
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TABLE 21-B—GROUT PROPORTIONS BY VOLUME!

PARTS BY
VOLUME OF PARTS BY AGGREGATE MEASURED IN A DAMP,
PORTLAND VOLUME OF LOOSE CONDITION
HERS | LeAs
BL
TVPE CEMENT PUTTY Fine Coarse
Fine 1 Oto o 21/4 to 3 times the sum of the
grout volumes of the cementitious
materials
Coarse 1 0to Yo 21/4 to 3 times the sum of the | 1 to 2 tiines the sum of the
grout volumes of the cementitious volumes. of the cementitious
materials materials

1Grout shall attain a minimum compressive strength at 28 days of 2,000 psi (13.8 MPa). The building official 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 CELLS23
GROUT POUR MAXIMUM HEIGHT
GROUT TYPE (teet)! x 25.4 for mm
x 304.8 for mm Multiwythe Masonry |{ollow-unit Masonry
Fine 1 34 1/3x2
Fine 5 1/ 1yx2
Fine 8 1/ 11/2x3
Fine 12 11/ 134 %3
Fine 24 2 3x3
Coarse 1 11/, 1'hx3
Coarse 5 2 21, x3
Coarse 8 2 3x 3
Coarse 12 21y, 3x3
Coarse 24 3 3x 4
1See also Section 2104.6.

The actual grout space or grout cell dimensions must be larger than the sum of the following items: (1) 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.

The minimum dimensions of the total clear areas shall be made up of one or more open arcas, with at least one area
being /4 inch (19 mm) or greater in width.
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TABLE 21-D—SPECIFIED COMPRESSIVE STRENGTH OF MASONRY, £, (psi) BASED ON
SPECIFYING THE COMPRESSIVE STRENGTH OF MASONRY UNITS

SPECIFIED COMPRESSIVE STRENGTH OF MASONIRY, £/,

C IVE STRENGTH OF CLAY
OMPREM?ASSQNRV UNITS1, 2 Type M or S Mortar3 Type N Mortar3
(psi) (psl) (psi)

x 6.89 for kPa

14,000 or more 5,300 4,4C0
12,000 4,700 3,800
10,000 4,000 3,300
8,000 3,350 2,700
6,000 2,700 2,200
4,000 2,000 1,600
SPECIFIED COMPRESSIVE STRENGTH OF MASONI3Y, f4,
COMPRESSIVE STRENGTH OF
CONCRETE MASONRY UNITS2 4 Type M or S Mortar3 Type N N ortar3
(psi) (psi) (psi)
x 6.89 for kPa
4,800 or more 3,000 2,800
3,750 2,500 2,350
2,800 2,000 1,850
1,900 1,500 1,350
1,250 1,000 950

1Compressive strength of solid clay masonry units is based on gross area. Compressive strength of tollow clay mason-
ry units is based on minimum net area. Values may be interpolated. When hollow clay masonry units are grouted,
the grout shall conform to the proportions in Table 21-B.
Assumed assemblage. The specified compressive strength of masonry f,, 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.
Values 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.

TABLE 21-E-1—ALLOWABLE TENSION, B;, FOR EMBEDDED ANCHOR
BOLTS FOR CLAY AND CONCRETE MASONRY, pounds1:2,3

EMBEDMENT LENGTH, &, or EDGE DISTANCE, &, (inches)
(;';Zi) 2 3 4 5 6 8 10
%k “Caas TN
1,500 240 550 970 1,520 2,190 3,890 6,080
1,800 270 600 1,070 1,670 2,400 4,260 6,660
2,000 280 630 1,120 1,760 2,520 4,500 7.020
2,500 310 710 1,260 1,960 2,830 5,030 7,850
3,000 340 770 1,380 2,150 3,100 5,510 8,600
4,000 400 890 1,590 2,480 3,580 6,360 9,930
5,000 440 1,000 1,780 2,780 4,000 7,110 11,100
6,000 480 1,090 1,950 3,040 4,380 7.790 12,200

IThe allowable tension values in Table 21-E-1 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 21-E-2.

2Vatues are for bolts of at least A 307 quality. Bolts shall be those specified in Section 2106.2.1¢.1.

3Values shown are for work with or without special inspection.
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TABLE 21-E-2—ALLOWABLE TENSION, By, FOR EMBEDDED ANCHOR
BOLTS FOR CLAY AND CONCRETE MASONRY, pounds!:?

BENT BAR ANCHOR BOLT DIAMETER (inches)
x 25.4 for mm
Ve | % ] 1, [ 5y [ ETA I 7N | : } 1,
x 4.45 for N
350 | 790 | 1410 [ 2210 | 3180 [ 4330 | 5650 | 7160

1Values are for bolts of at least A 307 quality. Bolts shall be those specified in Section 2105.2.14.1.
2Values shown are for work with or without special inspection.

TABLE 21-F—ALLOWABLE SHEAR, B,, FOR EMBEDDED ANCHOR
BOLTS FOR CLAY AND CONCRETE MASONRY, pounds!:?

BENT BAR ANCHOR BOLT DIAMETER (Inches)
, x 25.4 for mm
(paf %] %] h [ % [ [ T [ 1%
x 4.45 for N
1,500 480 850 1,330 1,780 1,920 2,050 2,170
1,800 480 850 1,330 1,860 2,010 2,150 2,280
2,000 480 850 1,330 1,900 2,060 2,200 2,340
2,500 480 850 1,330 1,900 2,180 2,330 2,470
3,000 480 850 1,330 1,900 2,280 2,440 2,590
4,000 480 850 1,330 1,900 2,450 2,520 2,780
5,000 480 850 1,330 1,900 2,590 2,770 2,940
6,000 480 850 1,330 1,900 2,600 2,900 3,080

1values are for bolts of at least A 307 quality. Bolts shall be those specified in Section 2106.2.14.1.
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 diameters
No. 9 through No. 11 8 bar diameters
TABLE 21-H-1—RADIUS OF GYRATION! FOR CONCRETE MASONRY UNITS?
Nominal Width of Wall (inches)
Grout Spacing (inches) x 25.4 for mm
x 25.4 for mm 4 6 8 10 12

Solid grouted 1.04 1.62 2.19 297 334
16 1.16 1.79 243 3.04 3.67
24 1.21 1.87 2.53 3.17 3.82
32 1.24 191 2.59 325 391
40 1.26 1.94 2.63 30 3.97
48 1.27 1.96 2.66 323 4.02
56 1.28 1.98 2.68 36 4.05
64 1.29 1.99 2.70 3.%8 4.08
72 1.30 2.00 271 3.40 4.10
No grout 1.35 2.08 2.84 3.55 4.29

IFor single-wythe masonry or for an individual wythe of a cavity wall.

r= /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 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 GYRATION! FOR CLAY MASONRY UNIT LENGTH, 16 INCHES?

Nominal Width of Wall (inches)
Grout Spacing (Inches) x 25.4 for mm

x 25.4 for mm 4 6 8 10 12
Solid grouted 1.06 1.64 223 2.81 339
16 1.16 1.78 2.42 3.03 3.65
24 1.20 1.85 2.51 3.13 377
32 1.23 1.88 2.56 3.19 3.85
40 1.25 1.91 2.59 3.23 3.90
48 1.26 1.93 2.61 3.26 3.93
56 1.27 1.94 2.63 3.28 395
64 1.27 1.95 2.64 3.30 397
72 1.28 1.95 2.65 3.31 3.99
No grout 1.32 2.02 275 3.42 4.13

IFor single-wythe masonry or for an individual wythe of a cavity wall.
r=JI/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.

TABLE 21-H-3—RADIUS OF GYRATION! FOR CLAY MASONRY UNIT LENGTH, 12 INCHES?

Nominal Width of Wall (inches)
Grout Spacing (inches) x 25.4 for mm

x 25.4 for mm 4 6 8 10 12
Solid grouted 1.06 1.65 224 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 2.51 312 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 2.59 322 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

IFor single-wythe masonry or for an individual wythe of a cavity wall.

r=J1/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.
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TABLE 21-I—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 VALUES?2

MVd V,, MAXIMUM
<025 6.0 /f’» = 380 maximum (322, = 1691 maximum)
>1.00 4.0 Jf', = 250 maximum (214 /f',, = 1113 maximum)

1M is the maximum bending moment that occurs simultaneously with the shear load V at the: section under consider-
ation. Interpolation may be by straight line for M/Vd values between 0.25 and 1.00.

2V, is in pounds (N), and f*, is in pounds per square inches (kPa).

TABLE 21-K—NOMINAL SHEAR STRENGTH COEFFICIENT

M/vd cq
< 0.25 24
= 1.00 12

1M is the maximum bending moment that occurs simultaneously with the shear load V at th: 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 DESIGN OF MASONRY

MAXIMUM RATIO

FLOOR OR ROOF CONSTRUCTION

Shear Well Spacing to
Shear Viall Length

Cast-in-place concrete
Precast concrete

Metal deck with concrete fill
Metal deck with no fill
Wood diaphragm

5:1
4:1
3:1
2:1
2:1
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TABLE 21-M—ALLOWABLE COMPRESSIVE STRESSES FOR EMPIRICAL DESIGN OF MASONRY

ALLOWABLE COMPRESSIVE STRES 3ES' GROSS
CROSS-SECTIONAL AREA (psi)
CONSTRUCTION: COMPRESSIVE STRENGTH OF UNIT,
GROSS AREA X 6.89 for kPa
x 6.89 for kPa Type M or S Mortar Type 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 