
FEDERAL EMERGENCY MANAGEMENT AGENCY F EMA 95/0ctober 1988 

1988 EDITION Supersedes 1985 Euition 

NEHRP Recommended Provisions 
for the Development of Seismic 
Regulations for New Buildings 

Part 1 
Provisions 

EARTHQUAKE HAZARDS REDUCTION SERIES 17 



BUILDING SEl5"1C SAFETY COUNCIL 

The Bui ldlng Seismic Safety Councl I (BSSC) Is an Independent, voluntary body that was 
established under the auspices of the National Institute of Building Sciences (NIBS) tn 
1979 as a direct result of nationwide Interest In the seismic safety of bul ldlngs. Its 
membership (see inside back cover) represents a wide variety of bul !ding comnunity In
terests. Its fundamental pUrpase Is to enhance public safety by providing a national forun 
that fosters Improved seismic safety provisions for use by the bul !ding conmunlty in the 
planning, design, construction, regulation, and utl 1 lzatlon of bul !dings. . To fulfl 11 Its 
purpase, the BSSC: 

• Promotes the development of seismic safety provisions suitable for use throughout 
the United States; 

• Reconmends, encourages, and promotes the adopt I on of appropr I ate se Ism i c safety 
provisions In voluntary standards and model codes; 

• Assesses progress In the lmplernentatlon of such provisions by federal, state, and 
local regulatory and construction agencies; 

• Identifies opportunities for Improving seismic safety regulations and practices 
and encourages PUbllc and private organizations to effect such Improvements; 

• Promotes the development of training and educational courses and materials for use 
by design professionals, builders, building regulatory officials, Industry repre
sentatives, other ment>ers of the building cOllll'Unlty, and the public; 

• Advises government bodies on their programs of research, development, and Imple
mentation; and 

• Periodically reviews and evaluates research findings, practices, and experience 
and makes reconmendatlons for lncorparatlon Into seismic design practices. 

The BSSC's area of Interest encompasses all building-type structures and Includes explicit 
consideration and assessment of the social, technical, adnlnistratlve, pol It I cal, legal, 
and econanlc Imp! I cations of Its del lberatlons and reconmendattons. It bel I eves that the 
achievement of Its purpase Is a concern shared by all In the public and private sectors, 
therefore, Its activities are structured to provide all Interested entitles (for ex~le, 
government bodies at al 1 levels, voluntary organizations, business, Industry, the design 
profession, the construction lrwstry, the research c01111a.1nlty, and the general public) with 
the oPP<>rtunlty to participate. The BSSC also believes that the regional and local differ
ences In the nature and niagnltude of Potentially hazardous earthquake events require • 
flexible approach to seismic - safety that al lows for consideration of the relative risk, 
resources, and capabilities of each conwnunlty. 

The BSSC I s c011111 I tted to cont I nued techn I ca I Improvement of se I sm I c des I gn prov I s Ions. 
assessment of advances In engineering knowledge and design experience, and evaluation of 
earthquake I fllPIICts. It recogn I zes that apprapr I ate earthquake hazard reduct I on measures 
and In It I at I ves shou Id be adopted by ex I st Ing organ I zat Ions and Inst I tut Ions and I ncor
parated, whenftver possible, Into their legislation, regulations, practices, rules, codes, 
relief procedures, and loan requirements so that these measures and Initiatives become an 
I ntegra I part of es tab 11 shed act Iv It I es, not add It Iona I burdens. The BSSC I tse If ass1.111es 
nci standards-making and/or -promulgating role; rather, It advocates that standards-for111.1la
t I on organ I zat Ions cons Ider BSSC reCOlllllendat Ions for I nc I us 1 on Into the I r docu-nent s and 
standards. 
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NOT! CE: Any op inf ons, ff nd I ngs, cone 1 us ions, or reconmendat ions ex
pressed in this publication do not necessarily reflect the views of the 
F edera 1 Emergency Management Agency. Addi t Iona 11 y, ne I ther FEHA nor 
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PREFACE 

Publication of the 1988 Edition of the NEHRP Recommended Provisions for 
the Development of Seismic Regulations for- New Buildings represents a 
significant milestone In the continuing effort that FEHA is pleased to 
sponsor to Improve the seismic safety of new buildings In this country. 
It marks the completion of the first in a planned updating of both the 
Provisions and the complementary publications 1n this series. As in 
the case of the original series started In 1985, FEHA encourages 
w I despread d I ssem I nat I on and vo 1 untary ut f 1 f zat I on of the techno I ogy 
contained in the updated series. 

FEHA is very gratefu I for the unst Int Ing efforts on the part of the 
large number of volunteer experts and the BSSC Board of Direction and 
staff who have made possible this updating effort. The survivors of 
the I 11 effects of future damagl ng earthquakes wi 11 owe much, perhaps 
the Ir very 1 i ves, to the contr I but Ions of these ind I v f dua I s to the 
seismic safety of buildings. 

federal Ellerger1ey Nanageaent Agency 
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INTRODUCTION a1d ACKNOWI..EDGtlENTS 

The 1988 Edftfon of the HEHRP Recommended Provis1ons for the Develop
ment of Se1smic Regulat1ons for New Bu1ldings fs the second edftfon of 
the document and, If ke the 1985 Edition that preceded ft, has the 
consensus approval of the Buf ldfng Seismfc Safety Councl 1 membership 
(see inside back cover). It represents a major product of the Coun
cf 1 's multiyear, multltask Program on Improved Seismic Safety Provi
sions and is Intended to continue to serve as a source doc~ent for use 
by any interested members of the buf ldfng conmunlty. (For readers 
unfaml I I ar wfth the program, Appendix C of the Commentarv volume 
presents a detailed description of the effort.) 

During the effort to update the 1985 Edition for issuance as the 1988 
Edition, nine BSSC Technical Conmlttees working under the direction of 
a Technical Management Conmittee (THC) and the BSSC Board of Ofrectfon 
( see the Append f x to the Provis 1ons for a 1 I st of members of these 
groups) examined Issues left unresolved when the 1985 Edition was pub
lished and considered new experience and research data that had become 
available. Their work resulted fn a series of proposals for change to 
the 1985 Edition that was balloted by the Council membership fn Febru
ary 1988. The resu 1 ts of this ba 11 ot high 1 f ghted severa I st f I I con
trovers fa I fssues and pr001)ted the THC and Board to submft a number of 
rev I sed proposa I s to the member sh Ip for reba 11 ot f n June 1988. This 
1 988 Ed ft I on ref! ects the resu I ts of th Is procedure as we I 1 as the 
efforts and expert 1 se of the many i nd f vi dua 1 s and organ f zat f ons who 
have contributed to the development of both editions of the Provis1ons 
and the work of the Applied Technology Council, which produced the 1978 
document on which the Prov1s1ons was based. A sunmary of the differ
ences between the 1985 and 1988 Editions of the Prov1s1ons Is presented 
as Appendix B of the Commentarv volume. 

In presenting th ts 1988 Ed It I on of the NEHRP Recommended Prov 1 s 1ons, 
the BSSC wishes to acknowledge the acc001)1 lshments of the many in
dividuals and organizations Involved over the years. As Past Chairman 
of the BSSC Board of Direction Roy G. Johnston noted In the previous 
edition: 

It ts vfrtually lmpossfble to adequately acknowledge all of 
the partfcfpants in a program of the breadth and depth of the 
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BSSC program on Improved Seismic Safety Provisions... The 
earlier work of the Applied Technology Council, the Natfonal 
Bureau of Standards, and the National Scfence Foundation 
alone involved hundreds of special f sts, al 1 of whom, over 
many years, gave freely of a great amount of tlme--tfme they 
cou 1 d have devoted to furthering the tr own careers or to 
their families and leisure activities. 

The BSSC projects resulting in the 1985 and 1988 Editions of the 
Provisions have involved slml lar contributions of time and effort as 
will the projects to develop and publish the 1991 and subsequent trien
nial editions. 

It is difficult to single out a given number or group for special 
recognition without inadvertently omitting others without whose assis
tance the update program cou 1 d not have succeeded; neverthe 1 ess, the 
1988 Edition of the Provisions would not be complete without at least 
recognl zing the following I ndi vldua 1 s to whom I, acti og on behalf of 
the BSSC Board of Direction, heartily express sincerest appreciation: 

• The members of the BSSC Technical Management Comnittee, 
especially Chairman Edwin G. Zacher who gave so freely of his 
time and expertfse; 

• The members of the nine BSSC Technical Conmittees; and 

• Ugo Morelli, the FEMA Project Officer, whose continuing 
Interest and support have been essential to program continu
ity. 

Appreciation also ts due to the BSSC Executfve Director James R. Smith 
and the BSSC staff ment>ers and consultants whose talents and experience 
were crucial to conduct of the program. 

At this point I, as Chairman, would like to express my personal grati
tude to the members of the BSSC Board of Direction and especially to 
Past Chairmen William W. Hoore and Roy G. Johnston for assuming respon
sibility for the Council during its formative years and to all those 
who provided advice, counsel, and encouragement during conduct of the 
update effort or who otherw he part I c I pated in the BSSC program that 
resulted In the NEHRP Recommended Provisions. 

Warner Howe 
Chairman, BSSC Board of Direction 
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NOTE 

Those portions of the 1988 Edition of the 
Provisions that are substantively different 
from the 1985 Edition are identified fn the 
margins as fol lows: 

Additions I or 
Revis i on•3 

Deletions ... 
Not hfghlfghted are editorial changes and the 
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A, B, C, D, and E) and the replacement of the 
"Selsmiclty Index" wfth explicit citations of 
velocity-related acceleratfon (Av>· 

A sunmary of the differences between the 1985 
and 1988 Editions of the Provisions Is pre
sented as Append f x B of the Commentary 
volume. 
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I. 1 PURPOSE 

Chapter 1 

GENERAL PROVISIONS 

These provisions present er i ter i a for the design and construction of 
buildings subject to earthquake ground motions. Their purposes are ~o 
minimize the hazard to life for all buildings, to increase the expected 
performance of higher occupancy structures as compared to ordinary 
structures, and to improve the capabi 1 ity of essential faci 1 ities to 
function during and after an earthquake. They provide the mini mum 
criteria considered to be prudent and economically justified for the 
protection of 1 ife safety in buildings subject to earthquakes at any 
location in the United States. 

The "design earthquake" ground motion levels specified herein may 
result In both structural and nonstructural damage, but such damage is 
expected to be repairable. For ground motions larger than the design 
levels, the intent of these provisions is that there be a low likeli
hood of building collapse. 

1.2 SCOPE 

These prov1s1ons establish requirements for the design and construction 
of new buildings to resist the effects of earthquake motions. 

Additions to existing bl.I I 1 d f ngs are covered by these provisions as I 
indicated. Existing buildings and alterations and repairs to existing 
buildings are not covered by these provisions. 

EXCEPTION: The following need not comply with these provi
sions: 

I. Bu f 1 d I ngs c 1 ass If I ed for agrf cultural use and in
tended only for incidental human occupancy. 

2. One- and two-family dwellings that are located In map 
areas having a value of Av less than 0.15. 



Sec. 1.21sec. 1.3.2.l 

3. Special structures including, but not limited to, bridges, 
transmission towers, industrial towers and equipment, 
piers and wharves, hydraul le structures, and nuclear 
reactors. These special structures require special con
sideration of their response characteristics and environ
ment that is beyond the scope of these provisions. 

l .3 APPLICATION Of PROVISIONS 

New buildings within the scope of these provisions shall be designed 
and constructed as required by this section. Design documents shall be 
submitted to determine compliance with these provisions. 

Buildings and components shall be designed for the larger of the ef
fects due to gravity loads in combination with either other prescribed 
loads in the code administered by the Regulatory Agency or the seismic 
forces in these provisions. 

1.3.1 New Bui ldf ngs 

New buildings shall be designed and constructed In accordance with the 
applicable requirements of Chapters 3 through 12 and shall be subject 
to the Quality Assurance Requirements of Sec. 1.6. One- and two-story 
wood frame dwellings not over 35 feet in height located in map areas 
having a value of Av equal to or greater than 0.15 need only conform to 
the requirements for Conventional Light Timber Construction set forth 
in Sec. 9.7. 

The analysis and design of structural systems and components, including 
foundations, frames, walls, floors and roofs, shall be in conformance 
with the applicable requirements of Chapters 3 through 7. Materials 
used in construction and c~nents made of these materials shall be 
designed and constructed to meet the requirements of Chapters 9 through 
12. Architectural, electrical, and mechanical systems and components 
shall be designed In a~cordance with Chapter 8. 

1.3 .2 Additions to Existing Bui ldfngs 

Additions shall be made to existing buildfngs only as follows: 

1.3.2. I Where an add it I on i s structura I 1 y independent from an 
existing bui ldlng, it shal 1 be designed In accordance 
with the provisions of this document for new buildings. 
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1.3.2.2 

1.3.2.3 

1.3.3 

Sec. l.3.2.2/Sec. 1.4 

Where an addition Is not structurally independent from 
an existing building, such addition may be made under 
the following conditions: (1) it shall comply with 
these provisions, (2) ft shall not increase the seismic 
loads to the existing building beyond its lateral force 
resistance capacity in accordance with the requirements 
of these provisions, (3) it shall not increase the mass 
contributing to se Ism i c forces in any e I ements of the 
existing bui !ding by more than 5 percent, and (4) it 
shall not decrease the seismic resistance of the exist
ing building. 

An add ft ion that Is not structura I 1 y independent from 
an existing bui 1 ding sha I I be al lowed where the ad
d it Ion and the existing bul ldlng are made to conform 
completely with the provisions of this document for new 
bui I dings. 

Change of Use 

When a change in use results in a bul lding being reclassified to a 
h I gher Seismic Hazard Exposure Group, such bu f Id Ing sha 11 conform to 
these provisions. 

1.3.4 Alterations and Repairs 

Alterations and repairs are not covered by these provisions. 

•-~ SE I SIi i C PERFORNANCE 

Seismic Performance ts a measure of the degree of protection provided 
for the pub! le and bul !ding occupants against the potential hazards 
resu 1 t Ing from the eff ec~s of earthquake mot Ions on bu f 1 dings. The 
level of seismJclty and the Seismic Hazard Exposure Group are used in 
assigning buildings to Seismic Performance Categories. Seismic Hazard 
Exposure Group Ill Is associated with the uses requiring the highest 
level of protection; Seismic Performance Category Eis assigned to 
provide the highest level of design performance criteria. 
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Sec. l.4.l (Table l-1)/Alternate Sec. l.4.l 

I. 4. I Oesfgn Ground ttotfonsl 

The design groJnd motions are defined in terms of Effect Ive Peak 
Acceleration and Effective Peak Velocity-Related Acceleration, repre
sented by coefficients Aa and Av• respectively. The coefflcfents A8 

and Av to be used in the app 1 i cat I on of these prov 1 s 1 ons sha 11 be 
determined in accordance with the following procedure. 

1.4.l.l 

1.4.1.2 

Determine the appropriate Map Area, for the bui I ding 
site from Figures 1-1 and 1- 2 and then determine the 
values for Aa and Av from either the value on the figure 
or Table l-1. 

TABLE 1-1 
Coefficient A8 and Av 

Map Area from Figure 
1- l ( Aa) or 1- 2 (Av) 

Value of 
Aa or Av 

7 
6 
5 
4 
3 
2 
l 

0.40 
0.30 
0.20 
0. 15 
0. l 0 
0.05 
0.05 

A 1 ternat Ive I y, va I ues of Aa and Av may be determined 
directly from Figures 1-3 and 1-4, respectively; lnter
polatfon should be used in reading Figures 1-3 and 1-4. 

A 1 ternate Sec. 1 • 4. I for Regu 1 atory Agencies That Have Nade a Deter
af nat f on of A8 and Av 

The design ground motions are defined In terms of Effective Peak Acce
leration and Effective Peak Velocity-Related Acceleration, represented 
by coefficients Aa and Av, respectively. The coefficients A8 and Av 
to be used In the application of these provisions are established as: 

1 For the 1 988 Ed It ion of the Prov 1 s ions, a I ternate maps and an 
alternate method for establishing design ground motions are presented. 
See the Appendix to Chapter 1 and the Comnentary sect I on on th Is Appendix. 
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Alternate Sec. l.4.l/Sec. 1.4.2.2 

and 
Av= 

1.4.2 Sefsafc Hazard Exposure Groups 

All buildings shall be assigned to one of the following Seismic Hazard 
Exposure Groups for the purpose of these provisions: 

1.4.2.1 Group 111 

Seismic Hazard Exposure Group Ill shall be buildings having essential 
facilities that are necessary for post-earthquake recovery. Also see 
the requirements for access to and the functionality of essential 
facilities in Sec. 1.4.2.5 and 1.4.2.6, respectively. 

Examples of possible Group 111 facilities are: 

Fire suppression facilities 
Police facilities 
Structures housing medical facilities having surgery and emergency 

treatment areas 
Emergency preparedness centers 
Power stations or other ut i 1 it I es required as emergency back-up 

facl I !ties 
Emergency vehicle shelters and garages 
Structures and equipment in emergency preparedness centers 
Structures housing, supporting, or containing sufficient quan-

tities of toxic or explosive substances to be dangerous to the 
public ff released 

The Regulatory Agency may designate other buildings where special local 
conditions make this desirable. 

1.4.2.2 Group 11 

Seismic Hazard Exposure Group 11 shall be buildings that constitute a 
substantial public hazard because of occupancy or use. 

Examples of possible Group II facilftfes are: 

Covered structures whose primary occupancy is public assembly with 
a capacity greater than 300 persons 

Buildings for schools through secondary or day-care centers with a 
capacity greater than 250 students 

Buildings for colleges or adult education schools with a capacity 
greater than 500 students 
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Sec. 1.4.2.2/Sec. 1.4.3 

Medical facilities with 50 or more resident incapacitated pa-
tients, but not included In Group Ill 

Jails and detention facilities 
All structures with an occupancy greater than 5,000 persons 
Power generating stations and other public utility facilities not 

included in Group Ill and required for continued operation 

1.4.2.3 Group I 

Seismic Hazard Exposure Group I shal 1 be all other buildings not clas
sified in Group Ill or II. 

1.4.2.4 Multiple Use 

Buildings having multiple uses shal 1 be assigned the classification of 
the highest Seismic Hazard Exposure Group that occupies 15 percent or 
more of the total building area. 

1.4.2.5 Group Ill Protected Access 

For buildings assigned to Seismic Hazard Exposure Group III, the 
following apply: 

Where access is through another structure, that structure shall 
conform to the requirements for Group Ill. 

Where access is within 10 feet of side property lines, protection 
aga f nst potent 1 a 1 fa I 11 ng hazards from the adjacent property 
shall be provided. 

1.4.2.6 Group 111 Function 

Designated Seismic Systems fn Seismic Hazard Exposure Group Ill build
ings shall, in so far· as practical, be provided with the capacity to 
function during and after an earthquake. 

1.4.3 Seismic Perfomance Categories 

For the purposes of these provisions, all buildings shall be assigned, 
based on level of the design ground motion coefficient Av and the 
Seismic Hazard Exposure Group designated, to a Seismic Performance 
Category In accordance with Table 1-2. 

6 



Sec . 1.4.3 (Table l-2 )!Sec. 1. 6 

TABLE 1-2 
Seismic Perfornance Categories 

Sei smic Hazar d Exposure Group 

Value of Av 11 I I I 

0.20 ' Av D D E 
0.15 ' Av < 0.20 C D D 
O. l 0 ( Av < 0. 15 C C C 
0.05 ~ Av < 0. l 0 B B C 

Av < 0.05 A A A 

Any method of analysis or type of construction required for a higher 
Seismic Performance Category may be used for a 1 ower Seismic Perfor
mance Category. 

1.4.4 Site Limitation for Seismic Perfornence Category E 

No bu f 1 d f ng assigned to Category E sha 11 be sf ted where there Is the 
potential for an active fault to cause rupture of the ground surface at 
the bui ldlng. 

1.5 ALTERNATE MATERIALS ANO t£Tlt005 OF CONSTRUCTION 

Alternate materials and methods of construction to those prescribed in 
these provisions may be used subject to the approval of the Regulatory 
Agency. Substantiating evidence demonstrating that the proposed alter
nate, for the purpose f ntended, w i 11 be at 1 east equa I in strength, 
durability, and seismic resistance shall be submitted. 

1.6 QUALITY ASSURANCE 

This sect ton provides minimum requirements for Qual fty Assurance for 
Designated Seismic Systems. These requirements are In addition to the 
test f ng and inspection requirements conta I ned In the reference stan
dards given fn Chapters 9 through 12. 
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Sec. 1.6.1/Sec. 1.6.1.2 

1.6.1 Quality Assurance Plan 

A Qua 1 i ty Assurance Pl an sha 11 be submitted to the Regu 1 atory Agency 
for the following: 

I. Buildings assigned to Category E for the Designated Seismic 
Systems. 

2. Bui 1 dings assigned to Categories C and D for the Structura 1 
Seismic Resisting Systems. 

3. All other buildings determined by the Regulatory Agency. 

1.6.1.1 Details of Qual ity Assurance Plan 

The Quality Assurance Plan shall specify the Designated Seismic Systems 
that are subject to quality assurance. The person responsible for the 
design of a Designated Se f sm f c System sha 1 l be respons i b 1 e for the 
portion of the Quality Assurance Plan applicable to that system. The 
Special Inspections and Special Tests needed to establish that the 
construction is in conformance with these provisions shal 1 be included 
in the portion of the Quality Assurance Plan applicable to the Desig
nated Seismic System. 

1.6.1.2 Contractor Responsibility 

Each contractor responsible for the construction of a Designated Seis
mic System or Component 1 I sted in the Qua 1 i ty Assurance P 1 an sha 11 
submit a written statement to the Regulatory Agency prior to the com
mencement of work on the system or component. The statement sha 1 l 
clearly show the following: 

l. Acknowledgement of awareness of the special requirements con
tained In the Quality Assurance Plan. 

2. Ac know 1 edgement that contro 1 wi 11 be exercl sed to obta In 
conformance with the Design Documents approved by the Regula
tory Agency. 

3, Procedures for exercising control within the contractor's 
organization, the method and frequency of reporting, and the 
distribution of the reports. 

4, The person exercising such control and that person's position 
in the management of the organization. 
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Sec. 1.6.2/Sec. 1.6.2.4 

1.6.2 Special Inspection 

The bu I 1 d Ing owner sha 11 emp 1 oy an approved Spec fa 1 Inspector ( who 
shall be identified as the Owner's Inspector) to observe the construc
tion of all Designated Seismic Systems in accordance with the following 
requirements: 

1.6.2.l Foundations 

Continuous Special Inspection is required during driving of piles, con
struction of drilled piles, and caisson work. 

1.6.2.2 Reinforcing Steel 

Special Inspection for reinforcing steel shall be as follows: 

1.6.2.2.l 

1.6.2.2.2 

1.6.2.2.3 

1.6.2.3 

Continuous Spec i a 1 Inspection during the p 1 acement of 
steel In reinforced concrete Special Moment Frames. 

Periodic Special Inspection during the placement of 
steel in reinforced concrete and reinforced masonry 
shear walls and Ordinary Moment Frames. 

Continuous Special Inspection during the welding of 
reinforcing steel. 

Structural Concrete 

Period I c Spec I a 1 Inspect f on is requ 1 red dur Ing the p 1 acement of con
crete In drilled pfers, caissons, reinforced concrete frames, and shear 
wa 11 s. 

1.6.2.4 Prestressed Concrete 

Continuous Special Inspection is required during the placement of pre
stressing steel, during stressing and grouting operations, and during 
the placement of concrete. 
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Sec. 1.6.2.5/Sec. l.6.2.8.1 

1.6.2.5 Structural Masonry 

Special Inspection sha l l be provided for a 11 structural masonry for 
Categories D and E: 

l. Periodically during the preparation of mortar, the laying of 
masonry units, and placement of reinforcement; 

2. Prior to placement of grout; and 

3. Continuously during welding of reinforcement, grouting, con
solidation, and reconsolidation. 

1.6.2.6 Structural Steel 

1.6.2.6.I Continuous Special Inspection is required for all struc-

1.6.2.6.2 

1.6.2. 7 

tural welding. 

EXCEPTION: Periodic Special Inspection is 
permitted for single-pass f i 11 et or resistance 
welds, provided the welder qualifications and 
welding e I ectrodes are inspected at the be
ginning of the work and all welds are inspected 
for compliance with the design and plans at the 
completion of welding. 

Periodic Special Inspection In accordance with Ref. 10.1 
or 10.6 for installation and tightening of high-strength 
bolts is required. 

Structural Wood 

Continuous Special Inspection Is required during al I field gluing 
operations. Per I odl c Spec i a I Inspect Ion Is requl red for nai I Ing, 
bolting, or other fastening. 

1.6.2.8 Architectu r al Components 

Special Inspection for Architectural Components designated In Chapter 8 
as requiring Sor G performance shall be as follows: 

1.6.2.8. l Periodic Special Inspection during the erection and fas
tening of exterior and interior architectural panels. 
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1.6.2.8.2 

1.6.2.9 

Sec. 1.6.2.8.2/Sec. 1.6.3.1.2 

P~riodic Special Inspection during the adhesion or an
choring of veneers. 

Mechanical and Electrical Compqnents 

Periodic Special Inspection is required during the installation and an
chorage of the f o 1 1 owing components when designated in Chapter 8 as 
requiring Sor G performance: 

1. Equipment using combustible energy sources; 

2. Electrical motors, transformers, switchgear unit substations, 
and motor control centers; 

3. Machinery, reciprocating and rotating type; 

4. Piping distribution systems 3 inches or larger; and 

5. Tanks, heat exchangers, and pressure vessels. 

1.6.3 Special Testing 

The Spec i a 1 Inspector sha 11 be respons i b 1 e for verifying that the 
special test requirements are performed by an approved testing agency 
for the types of work in Designated Seismic Systems listed below. 

1.6.3.1 Reinforcing and Prestressing Steel 

Special Testing of reinforcing and prestressfng steel shal I be as 
follows: 

1.6.3.1.1 

1.6.3.1.2 

Sample at fabricator's plant and test reinforcing steel 
used fn reinforced concrete Special Moment Frames and 
boundary members of reinforced concrete or reinforced 
masonry shear walls for limitations on weldability, 
elongation and actual-to-specified yield, and ultimate
strength ratios. 

EXCEPTION: Certified mill tests may be accepted 
for ASTH A706 and, where no welding is required, 
for ASTH A615 reinforcing steel. 

Examine certified mill test reports for each lot of pre
stressing steel and determine conformance with specifi
cation requirements. 
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Sec. l.6.3.2/Sec. 1.6.3.4.3 

l.6.3.2 Structural Concrete 

Sample at Job site and test concrete in accordance with requirements of 
ACI 318-83. The rate of sampling shall be at least once per day for 
each class placed. 

1.6.3.3 Structural Hasonry 

Qual lty Assurance Testing of masonry shal 1 be in accordance with the 
requirements of Ref. 12.l (ACI-ASCE 530). 

1.6.3.4 Structural Steel 

Special Testing of structural steel shall be as follows: 

1.6.3.4. l 

1.6.3.4.2 

1.6.3.4.3 

Welded connections for Special Moment Frames and Eccen
tr 1 cal 1 y Braced Frames sha 11 be tested by nondestruc
t Ive methods conformf ng to AWS O 1 . 1-85. Al 1 comp 1 ete 
penetration groove welds contained in Joints and splices 
sha ·l I be tested 100 percent either by ultrasoni _c testing 
or by other approved equivalent methods. 

EXCEPT! ON: The nondestructive test Ing rate for 
an Individual welder may be reduced to 25 percent 
w I th the concurrence of the person respcns i bl e 
for structural desfgn, provided the reject rate 
i s demonstrated to be 5 percent or less of the 
welds tested for the welder. 

Part I al penetrat 1 on groove we 1 ds when used 1 n co 1 umn 
splices shall be tested by ultrasonic testing or other 
approved equivalent methods at a rate established by the 
person responsible for the structural design. All such 
we 1 ds des I gned to res I st tens ton result Ing from the 
prescribed seismic design forces shall be tested. 

Base meta 1 th f cker than 1. 5 inches when subject to 
through-thickness weld shrinkage strains shall be ultra
sonically tested for discontinuities behind and adjacent 
to such welds after Joint completion. Any material 
d I s cont f nu ft I es sha 11 be accepted or rejected on the 
bas I s of er I ter 1 a acceptab I e to the Regu I atory Agency 
with the concurrence of the person responsible for the 
structural design. 
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1.6.3.5 

Sec. 1.6.3.5/Sec. 1.6.5 

Mechanical and Electrical Equipment 

For Designated Seismfc Systems or components requiring Sor G perfor
mance ratings fn Chapter 8, each component manufacturer shall test or 
analyze the component and Its mounting system or anchorage as required 
In Chapter 8. He shall submit a certificate of compliance for review 
and acceptance by the person responsible for the design of the Desig
nated Se i sm f c System and for approva 1 by the Regu 1 atory Agency. The 
basis of certification required In Sec. 8.3.4 shall be by actual test 
on a shaking table, by three-dimensional shock tests, by an analytical 
method using dynamic characterfstics and the forces from Eq. 8-2, or by 
more rigorous ana 1 ys i s providing for equivalent safety. The Special 
Inspector sha 1 1 examine the Designated Se i sm i c System component and 
sha 1 I determine whether its anchorages and label conform with the 
certificate of compliance. 

1.6.4 Reporting and Conpllance ProceclJres 

Each Special Inspector shal 1 furnish to the Regulatory Agency, the 
owner, the persons preparing the Quality Assurance Plan, and the con
tractor copies of regular weekly progress reports of his observations, 
not Ing there In any uncorrected def I c I enc i es and corrections of pre
vious 1 y reported defi c i enc i es. A 11 deficiencies sha I 1 be brought to 
the inmedlate attention of the contractor for correction. 

At comp I et I on of construct f on, each Spec I a I Inspector sha 11 subm It a 
f i na 1 report to the Regu 1 atory Agency certifying that a 11 inspected 
work was c~leted substantially in accordance with approved plans and 
specifications. Work not In compliance shall be noted. 

At completion of constructfon, the buildfng contractor shall submit a 
final report to the Regulatory Agency certifying that all construction 
work incorporated fnto the Designated Seismic Systems was constructed 
substantially In accordance with the Design Documents and applicable 
workmanship requfrements. Work not in cofl1)11ance shall be noted. 

1.6.5 Approved "8nufacturer's Certification 

Each manufacturer of equfpment utilized in a building to be placed in 
Category E and a Designated Seismfc System where the performance level 
required Is noted In Chapter 8 as Sor G shall be speclffcally approved 
by the Regulatory Agency and shall maintain an approved quality control 
program. Evidence of such approval shal I be clearly and permanently 
marked on each component piece of equipment shipped to the Job sfte. 
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Appendix to Chapter l 

APPENDIX TO CHAPTER I 

Alternate Haps and Alternate "ethod 
for Establishing Design Ground ttotions 

This appendix introduces new maps defining the seismic ground-shaking 
hazard and Incorporates a few necessary changes in the expression of 
certa In provisions so that the new maps might appropriate 1 y be used 
with the NEHRP Reco111T1ended Provisions. This presentation in an appen
dix is intended to encourage evaluation of the new maps and new pro
cedures through use. Convnent is sol iclted. 

figures 1-5 through 1-8 are provided for use with this appendix. They 
provide a different measure of the seismic ground shaking hazard than 
Figures 1-1 through 1-4 and one of the ground mot I on parameters is 
stated in different units. This appendix describes how Figures 1-5 
and 1-6 are to be used with the remainder of these provisions. Figures 
1-7 and 1-8 are prov I ded to show how A and v vary when the exposure 
time is increased significantly over that used for Figures 1-1 through 
1-6. Figure 1-7 and 1-8 are intended to be advisory only. 

Only those sections cited below are changed as noted. 

IA. 1 Design Ground Hotfons 

Replace Sec. 1.4.1, 1.4.1.1, and 1.4.2 with the fol lowing: 

1. 4. 1 Design Ground Notions 

The design ground motions are defined in terms of Peak 
Acee I erat I on and Peak Ve 1 oc i ty and are represented by the 
coefficients A and v, respectively. The coefficients A and v 
are to be determined as follows: 

1. Determine the value of A from Figure 1-5. Interpola
tion should be used in reading the figure. For use 
with these provisions, the value of A need not exceed 
0.40g. 

2. Determine the value of v from Figure 1-6. Interpola
tion should be used in reading the figure. For use 
with these provisions, the value of v need not exceed 
40 cm/sec. 
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IA.2 

Appendix to Chapter l 

Alternate Sec. 1.4.1 for Regulatory Agencies That Have Hade a 
Determination of A and v 

The design ground motions are defined In terms of Accelera
tion and Ve 1 oc I ty, represented by coefff c i ents A and v 
respect Ive I y. The coeff I c i ents A and v to be used in the 
application of these provisions are established as: 

A = and v = 

Use of A and v vlth the Provisions 

The fo 11 owing genera 1 ru 1 es app 1 y for use of A and v with the Pro
visions: 

I . Substitute A directly for Aa In Sec. 4.2.1, Eq. 4-3 and 
4-3a, and Sec. 5.5, Eq. 5-3a. 

2. Subst I tute the fo 11 owing coefficients of v for the 
coefficients of Av= 

a. 0. 0 12 v for Av i n Sec . 3 . 7 . l ; Sec. 8. 2. 2, Eq. 8- l ; and 
Sec. 8.3.2, Eq. 8-2. 

b. 0.006 v for 0.5 Av in Sec. 3.7.1, Eq. 3-1, 3-2, and 3-2a. 

c. 0.004 v for Av/3 in Sec. 3.7.5, Sec. 3.7.9, Sec. 7.4.3. 

d. 12 v for 1,000 Av in Sec. 3.7.6. 

e. 0.014 v for 1.2 Av in Sec. 4.2.1, Eq. 4-2, and Sec. 5.5, 
Eq. 5-3. 

f. 0.036 v for 3 Av In Sec. 5.5, Eq. 5-3b. 

g. v less than 12 for Av less than 0.015 in Sec. 1.2. 

h. v equal to or greater than 12 for Av equal to or greater 
than (=, greater than or equal to, equal or exceeding) in 
Sec. 1.3.1, Sec. 6A.2.1.2, Sec. 8.3.4, and Sec. 8.3.5. 

i. v = 8, 12, 16 and 25 for Av· = 0.10, 0.15, 0.20 and 0.30, 
respectively, fn Table 6A-l. 

j • v + 16 and 8 for Av = O. 20 and O. IO, respectively, in 
Figure 6A-1. 
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Appendix to Chapter l 

k. Replace Table 1-2 in Sec. 1.4.3 with the following: 

TABLE IA-2 
Seismic Performance Categories 

Seismic Hazard Exposure Group 

Value of v 1 I I I I 

20 ~ V D D E 
10 ~ V < 20 C D D 
5 ~ V ( 10 C C C 
2.5 ~ V < 5 B B C 

V < 2.5 A A A 

1. Replace Table 4-1 In Sec. 4.2 with the following: 

TABLE 4A-I 
Coefficient for Upper Ll• ft 

on Calculated Period 

V 

30 ( V 1.2 
20 ' V < 30 I. 3 
15 ' V < 20 1.4 
7.5 { V < 15 1.5 

V ( 7.5 1.7 

NOTE: See Sec. 4.2.2 and 5.8 
for application of v and C8 • 
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2.1 

Chapter 2 

DEFINITIONS ANO SY"80l.S 

DEFINITIONS 

The definitions presented In this section provide the meaning of the 
terms used in these provisions. 

Acceleration 

Effective Peak 

Coefficient for determining the prescribed seismic forces given in 
Sec. 1. 4. 

Effective Peak Velocity-Related 

Coefficient for determining the prescribed seismic forces given In 
Sec. 1 . 4. 

An architectural component such as a canopy, marquee, ornamental bal
cony, or statuary. 

Approval 

The written acceptance by the Regulatory Agency of documentation that 
establishes the qual fffcatfon of a material, system, component, pro
cedure, or person to fulfill the requirements of these provisions for 
the intended use. 

Architectural Equipment 

Equipment such as shelving, racks, laboratory equipment, and storage 
cabinets, 
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Sec. 2.1 

Area Separation Partition 

Any partition installed to provide a required fire separation between 
portions of buildings. 

Base 

The level at which the horizontal seismic ground motions are considered 
to be imparted to the building. 

Base Shear 

Total design lateral force or shear at the base. 

Conponent 

A part of an architectural, electrical, mechanical, or structural 
system. 

Code Required 

A component requ f red by the Bui 1 d 1 ng Code adm In i stered by the 
Regulatory Agency. 

Confined Region 

That portion of a reinforced concrete component in which the concrete 
is confined by closely spaced special lateral reinforcement restraining 
the concrete in directions perpendicular to the applied stress. 

Container 

A large-scale independent component used as a receptacle or vessel to 
acconmodate plants, refuse, or similar uses. 

Cross-Tie 

A cont I nuous bar having a 135-degree hook with at 1 east a 6-d I ameter 
extens f on at one end and a 90-degree hook w f th at 1 east a 6-d I ameter 
extension at the other end. The hooks shall engage peripheral longi
tudinal bars. 
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Sec. 2. l 

Design Oocl.lllents 

The drawings, specifications, computations, reports, certifications, or 
other substantiation required by the Regulatory Agency to verify com
pliance with these provisions. 

Design Earthquake 

The earthquake that produces ground motions at the site under con
s I derat ion that have a 90 percent probability of not being exceeded in 
50 years. 

Designated Seismic SystelllS 

The Seismic Resisting System and those architectural, electrical, and 
mechan I ca I systems and the Ir components that require spec I al perfor
mance characteristics. 

Dfaphrag11 

A horizontal, or nearly horizontal, system designed to transmit seismic 
forces to the vertical elements of the Seismic Resisting System. 

Frame 

Braced 

An es sent i a 11 y vertical truss, or its equ i va 1 ent, of the con
centric or eccentric type that is provided in a Building Frame or 
Dual System to resist seismic forces. 

Concentrlcally Braced Frame 

A braced frame in which the members are subjected primarily to 
axial forces. 

Eccentrtcally Braced Fra1111e (EBF) 

A d I agona 11 y braced frame f n which at 1 east one end of each 
brace frames Into a beam a short distance from a beam-column 
joint or from another diagonal brace. These short beam seg
ments are called link beams. The following definitions apply: 

Diagonal Brace is a member of an EBF placed diagonally in 
the bay of the frame. 

19 

I 



Sec. 2. l 

Lateral Support "elllbers are secondary members designed to 
prevent lateral or torsional bucking of beams fn an EBF. 

Lfnk Beams are designed to yield in shear and/or bending 
so tha t buckling or tension failure of the dfagonal brace 
is preven t ed. The 1 ink beam's 1 ength Is defined as the 
clear distance between the diagonal braces or between the 
diagonal brace and the column face. 

Link Beani End Web Stiffeners are vertical web stiffeners 
placed on the sides of the web at the diagonal brace 
end(s) of the link beam. 

Li nk Beam I ntermed I ate Web Stiffeners are vert i cal web 
stiffeners placed within the link beam. 

Link Beam Rotation Angle is defined as 
the beam outs i de of the 1 ink beam and 
curring at a total story drift of Cd 
drift at the prescribed design forces. 
may be computed assuming the EBF bay 
rigid, ideally plastic mechanism. 

the angle between 
the link beam oc
times the elastic 
The rotation angle 
I s deformed as a 

Link Beam Shear Yfeld Strength is defined as the less of 
Vp of 2Hp/e, where Vp = 0.55Fydtw, Hp= ZFy, and e is the 
link beam length. 

Intermediate ttc:nent 

A space frame in which members and joints are capable of resisting 
forces by flexure as well as along the axis of the members. 
Intermediate Moment Frames of reinforced concrete shall conform to 
Sec. 11.4. 

Ordinary ttalent 

A Space Frame in which members and joints are capable of resisting 
forces by flexure as well as along the axfs of the members. 
Ordinary Moment Frames shall conform to Sec. 10.4.1, Sec. 11.3, or 
Sec. 12. 3. 

Spec I a 1 Noraent 

A Space Frame in which members and Joints are capable of resisting 
forces by flexure as well as along the axis of the members. 
Special Moment Frames shall conform to Sec. 10.5.1, Sec. 11.5, or 
Sec. 12. 3. 
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Sec. 2.1 

Space Frame 

A structural system composed of Interconnected members, other than 
bearing wa 11 s, that ts capab I e of supporting vert I ca I I oads and 
that also may provide resistance to seismic forces . 

Frame System 

Buf ldfng 

A structura 1 system with an essent i a 11 y comp I ete Space Frame 
providing support for vertical loads. Seismic force resistance is 
provided by shear walls or braced frames. 

Dual 

A structural system with an essentially complete Space Frame 
prov Id i ng support for vert i ca 1 1 oads. A moment resisting frame 
shall be provided that shall be capable of resisting at least 25 
percent of the prescribed seismic forces. The total seismic force 
resistance is provided by the combination of the moment resisting 
frame together with shear walls or braced frames in proportion to 
their relative rigidities. 

ttoment Resisting 

A structural system with an essentially complete Space Frame 
providing support for vertical loads. Seismic force resistance is 
provided by Special, Intermediate, or Ordinary Moment Frames 
capable of resisting the total prescribed forces. 

High Temperature Energy Source 

A fluid, gas, or vapor whose temperature exceeds 220 degrees F. 

Hoop 

A one-piece closed tie or continuously wound tie, No. 3 or larger, that 
encloses the longitudinal reinforcement and has 135-degree hooks with 
IQ-diameter extensions at each end. 

Inspection, Specfal 

The observation of the work by the Special Inspector to determine 
compliance with the approved Design Documents and these provisions. 
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Sec. 2. l 

Continuous 

The ful 1-time observation of the work by an approved Special 
Inspector who Is present in the area where work f s being per
formed. 

Perfodf C 

The part-ti me or f nterm I ttent observation of the work by an ap
proved Special Inspector who is present in the area where work has 
been or is being performed. 

I Inspector. Special (who shall be identified as the Owner's Inspector) 

I 

A person approved by the Regulatory Agency as being qualified to per
form Special Inspection required by the approved Quality Assurance 
Plan. The quality assurance personnel of a fabricator may be approved 
by the Regulatory Agency as a Special Inspector. 

Joint 

That portion of a colurm bounded by the highest and lowest surfaces of 
the other members framing Into ft. 

Load 

Laterally Confined 

A joint that, In the direction under consideration, has the oppo
site faces confined by members which are monolithic with the joint 
and cover 75 percent of the width and depth of the joint. 

Dead 

The gravity load due to the weight of all permanent structural and 
nonstructural components of a bul ldfng such as wal ts, floors, 
roofs, and the operating weight of fixed service equipment. 

Gravity 

W; as defined In Sec. 4.2. 

Live 

,The load superimposed by the use and occupancy of the building not 
Including the wind load, earthquake load, or dead load. The live 

' 
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Sec. 2 .1 

load may be reduced for tributary area as permitted by the Build
ing Code administered by the Regulatory Agency. 

Snow 

A vert I ca I 1 oad due to the we I ght of the accumu 1 at ion of snow. 
For use in combination with sefsmfc forces, an effective snow load 
shall be used that shal I be equal to either 70 percent of the ful I 
snow I oad or, where cond It ions warrant and when approved by the 
Regulatory Agency, not less than 20 percent of the full snow load. 

EXCEPTION: Where the snow load Is less than 30 pounds per 
square foot, no part of the load need be included in seismic 
loading. 

P-Delta Effect 

The secondary effect on shears and moments of frame members due to the 
act f on of the vert i ca 1 1 oads induced by di sp 1 acement of the bu I 1 d f ng 
frame resulting from seismic forces. 

Quality Assurance Plan 

A deta I 1 ed wr I tten procedure that es tab 1 i shes the systems and compo
nents subject to Special Inspection and testing. The type and fre
quency of testing and the extent and duration of Special Inspection are 
given In the Quality Assurance Plan. 

Resflfent ltountlng System 

A system Incorporating helical springs, air cushions, rubber-In-shear 
mounts, fiber-fn-shear mounts, or other comparable approved systems. 

Stable 

A system in whfch the force displacement ratios are equal in the 
horizontal and vertical directions. 

Restrafnfng Device 

A device used to 1 fmft the vertical or horizontal movement of the 
mounting system due to earthquake motions. 
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Sec. 2.1 

Elastic 

A fixed restraining device that incorporates an elastic element to 
reduce the seismic forces transmitted to the structure due to 
impact from the resilient mounting system. 

Fixed 

A nonyielding or rigid type of restraining device. 

SeiSllic Activated 

An interactive restraining device that is activated by earthquake 
motion. 

Rooff ng Un ft 

A unit of roofing material weighing more than l pound. 

Set smfc Forces 

The assumed forces prescr I bed herein, re 1 ated to the response of the 
building to earthquake motions, to be used in the design of the build
ing and Its components. 

Seismic Hazard Exposure GrOUP 

A classification assigned to a building based on its use as defined in 
Sec. l. 4. 

Selsafc Perfon'IEll'\Ce Category 

A classification assigned to a building as defined In Sec. 1.4. 

SefSllfc Resisting Systell 

That part of the structural system that has been cons I dered In the 
des I gn to prov I de the requ f red res I stance to the se Ism f c forces pre
scr f bed herein. 

Shear Panel 

A floor, roof, or wa 11 component sheathed to act as a shear wa 11 or 
diaphragm. 
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Sec. 2.1 

Special Lateral Reinforcement 

Reinforcement composed of spirals, closed stirrups, or hoops and sup
plementary cross-ties provided to restrain the concrete and qualify the 
portion of the component, where used, as a Confined Region. 

Story Drift Ratio 

The story drift, as determined in Sec. 4.6, divided by the story 
height. 

Story Shear 

The summation of design lateral forces at levels above the story under 
consideration. 

Testing Agency 

A company or corporation that provides testing and/or Inspection ser
v f ces. The person in respons i b 1 e charge of the Spec i a 1 Inspector ( s) 
and the testing services shall be an engineer licensed by the State to 
practice as such in the applicable discipline. 

Uttlfty or Service Interface 

The connection of the building's mechanical and electrical distribution 
systems to the utility or service company's distribution system. 

Veneers 

F ac f ngs or ornamentat f on of brick, concrete, stone, ti le, or s i mi 1 ar 
materials attached to a backing. 

Wall 

A component, usually placed vertically, used to enclose or divide 
space. 

Bearing 

A wall providing support for vertical loads and may be exterior or 
interior. 
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Sec. 2.1/Sec. 2.2 

Nonbeartng 

A wall that does not provide support for vertical loads other than 
its own weight or as permitted by the Building Code aaninfstered 
by the Regulatory Agency. It may be an exterior or interior wall. 

Shear 

A wall, bearing Qr nonbearfng, designed to resist seismic forces 
acting In the plane of the wall. 

Wal 1 System 

Bearfng 

2.2 

A structural system with bearing walls providing support for all, 
or major portions of, the vertical loads. Shear walls or braced 
frames provide seismic force resistance. 

SYttBOLS 

The unit dimensions used with the Items covered by the symbols shall be 
consistent throughout except where specifically noted. The symbols and 
definitions presented In this section apply to these provisions. 

Ach 

The se Ism i c coeff I c I ent represent Ing the Effect Ive 
Peak Acceleration as determined In Sec. 1.4.1. 

Cross-sect f ona 1 area of a component measured to the 
outside of the Special Lateral Reinforcement. 

Total cross-sectional area of hoop reinforcement, In
cluding supplementary cross-ties, having a spacing Qf 
sh and crossing a section with a core dimension of ·he 
(square inches). 

The area of the load-carrying foundation. 

The se i sml c coeff I ci ent represent Ing the Effect Ive 
Peak Velocity-Related Acceleration as determined In 
Sec. 1. 4. I. 

The torsional amplification factor. 
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Ca 

Cc 

Cd 

Cs 

Cs 

Csm 

Cr 

Cvx 

Ds 

Fi' Fn, F x 

fyh 

Sec. 2. 2 

The amplificat ion factor related to the response of a 
system or component as affec ted by the type of seismic 
attachment, determined in Sec. 8.3.2. 

The incremental factor related to P-delta effects in 
Sec. 4 .6. 2. 

The amplification factor at level x related to the 
variation of the response in the height of the build
ing, Sec. 8.3.2. 

Coefficient for upper limit on calculated period; see 
Table 4-1. 

The seismic coefficient for components of buildings as 
specified in Tables 8-2 and 8-3 (dimensionless). 

The deflection amplification factor as given in Table 
3-2. 

The seismic design coefficient determined in Sec. 4.2 
(dimensionless). 

The seismic design coefficient determined in 
Sec. 6A.2.l and 6A.3.l (dimensionless). 

The modal seismic design coefficient determined in 
Sec. 5.5 (dimensionless). 

The framing coefficient in Sec. 4.2.2. 

The vertical distribution factor as determined in 
Sec. 4. 3. 

The total depth of the stratum in Eq. 6A-10. 

The portion of the seismic base shear, V, induced at 
level i, 'n, or x, respectively, as determined fn 
Sec. 4. 3. 

Ultimate compressive strength of masonry. 

The seismic force acting on a component of a building 
as determined in Sec. 3.7, 8.2, or 8.3. 

The portion of the seismic base shear, Vm, Induced at 
level x as determined in Sec. 5.5. 

The specified y i e 1 d stress of the Special Later a I 
Reinforcement, psi. 
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G 

Go 

g 

h 

he 

hi ' 

hsx 

lo 

K 

Ke 

k 

k 

L 

2.2 

hn, hx 

yvs 2 /g = the average shear modulus for the soils 
beneath the foundation at large strain levels. 

yvs0 2 /g = the average shear modulus for the soils be
neath the foundation at small strain levels. 

The acceleration due to gravity. 

The effective height of the building as determined In 
Sec. 6A.2 or 6A.3. 

The core dimension of a component measured to the out
side of the Special Lateral Reinforcement. 

The height above the base level, i, n, or x, respec
tively. 

The story height below level x = (hx-hx-1>• 

The static moment of Inertia of the load-carrying 
foundation, Sec. 6A.2.l. 

The building level referred to by the subscript i; = 
1 designates the first level above the base. 

The stiffness of the equ I pment support attachment, 
Sec. 8. 3. 2. 

The lateral stiffness of the foundation as defined in 
Sec. 6A.2. 

The rocking stiffness of the foundation as defined In 
Sec. 6A.2. 

The distribution exponent given In Sec. 4.3. 

The stiffness of the bui ldfng as determined in 
Sec. 6A.2. 

The overal 1 length of the buf ldfng ( in feet) at the 
base in the direction being analyzed. 

The over a 11 1 ength of the s I de of the foundat I on t n 
the direction being analyzed, Sec. GA.2.1. 

The foundation overturning design moment as defined in 
Sec. 4. 5. 

The overturn Ing moment at the f oundat I on-so I I Inter
face as determined in Sec. 6A.2.3 and GA.3.2. 
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m 

N 

n 

p 

R 

r 

Sec. 2.2 

The tors i ona I moment resulting from the 1 ocat ion of 
the building masses, Sec. 4.4. 

The accidental torsional moment as determined in Sec . 
4.4. 

The bu i 1 d Ing overturning design moment at l eve i x as 
defined in Sec. 4.5 or Sec. 5.8. 

A subscript denoting the mode of vibration under con
sideration; i.e., m = 1 for the fundamental mode. 

Number of stories, Sec. 4.2.2. 

Designates the level that is uppermost in the main 
portion of the building. 

The performance criteria factor as given in Table 8-1 
(dimensionless). 

The algebraic sum of the seismic forces and the 
minimum gravity loads on the joint surface acting 
simultaneously with the shear. 

The total unfactored vertical design load at and above 
level x. 

The effect of dead load. 

The effect of seismic (earthquake-induced) forces. 

The effect of l i ve load, reduced as permitted in 
Sec. 2. 1. 

The effect of snow load, reduced as permitted in 
Sec. 2. l. 

The response modification coefficient as given in 
Table 3-2. 

A characteristic length of the foundation as defined 
i n Sec . 6A . 2 • l • 

The character I st I c foundat I on I ength def I ned by Eq. 
6A-8. 

The characteristic foundation length as defined by 
Eq. 6A-8. 
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Sec. 2.2 

s 

SI ' S2' S3, 54 

sh 

T 

T, f1 

Ta 

Tc 

Tm 

V 

Vt 

1. Vx 

Vi 

b.V 

b.V I 

Vs 

Vso 

w 

w 

The coefficient for the soi 1 profi 1 e characteristics 
of the site as given in Table 3-1. 

The Soil Profile Types as defined in Sec. 3.2. 

Spacing of Special Lateral Reinforcement. 

The fundamental period of the bui !ding as determined 
i n Sec. 4. 2. 2. 

The effective fundamenta 1 period of the bu i 1 di ng as 
determined in Sec. 6A.2.l and 6A.3.l. 

The approximate fundamental period of the building as 
determined in Sec. 4.2.2. 

The fundamenta I per I od of the component and its 
attachment. 

The modal period of vibration of the mth mode of the 
building as determined in Chapter 5. 

The total design lateral force or shear at the base. 

The design value . of the seismic base shear as deter
mined in Sec. 5.8. 

The seismic design shear in story x as determined in 
Sec. 4.4 or Sec. 5.8. 

The portion of the seismic base shear, V, contributed 
by the fundamental mode, Sec. 6A.3. 

The reduction in Vas determined In Sec. 6A.2. 

The reduction in Vt as determined in Sec. 6A.3. 

The average shear wave velocity for the soils beneath 
the foundation at large strain levels, Sec. 6A.2. 

The average shear wave velocity for the soils beneath 
the foundation at small strain levels, Sec. 6A.2. 

The total gravity load of the building as defined in 
Sec. 4.2. 

The effective gravity load of the building as defined 
in Sec. 6A.2 and 6A.3. 
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Wm 

X 

Q 

~ a 

y 

Sec. 2. 2 

The effective modal gravity load determined in accor
dance with Eq. 5-2. 

The gravity load of a component of the building. 

The portion of W that is 1 ocated at or ass I gned to 
level f, n, or x, respectively. 

The I eve I under cons i derat I on; x = 1 des I gnates the 
first level above the base. 

The relative weight density of the structure and the 
soil as determined in Sec. 6A.2.1. 

The fraction of critical damping for the coupled 
structure-foundation system, determined In 
Sec • 6A • 2 • 1 • 

The foundation damping factor as specified in 
Sec • 6A • 2 • 1 • 

The average unit weight of soil. 

The design story drift as determined in Sec. 4.6.1. 

The allowable story drift as specified in Sec. 3.8. 

The design modal story drift determined in Sec. 5.6. 

The maximum displacement at level x. 

The average of the displacements at the extreme points 
of the structure at level x. 

The deflection of level x at the center of the ffil!Jss at 
and above level x, Eq. 4-10. 

The deflection of level x at the center of the mass at 
and above level x determined by an elastic analysis, 
Sec. 4.6. 1. 

The modal deflection of level x at the center of the 
mass at and above 1 eve 1 x determl ned by an e 1 ast i c 
analysts, Sec. 5.6. 

The modal deflection of level x at the center of the 
mass at and above level x as determined by Eq. 5-5 and 
6A-15. 
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Sec. 2.21sec. 2.3 

8 

• 

2.3 

Acceleratfon 

The deflection of level x at the center of the mass at 
and above level x, Eq. 6A-ll and 6A-14. 

The stab f 1 i ty coefficient for P-de 1 ta effects as 
determined in Sec. 4.6.2. 

The overturning moment reduction factor, Eq. 4-6. 

The capacity reduction factor. 

The di sp 1 acement amp 1 I tude at the i th 1 eve 1 of the 
but !ding for the ff xed base condition when vibrating 
in its mth mode, Sec. 5.5. 

DEFINITIONS ANO SYNBOLS FOR USE WITH THE APPENDIX TO 
CHAPTER I 

The horizontal ground acceleration from Figure 1-5 expressed as percent 
of gravity for use as a coefficient for determining the prescribed 
seismic forces given .in Sec. 1.4. 

Velocity 

The horizontal ground velocity from Figure 1-6 expressed as centimeters 
per second for use as a coefficient for determining the prescribed 
seismic forces in Sec. 1.4. 

A 

V 

Acceleration (lg) determined from Figures 1-5 and 1-7. 

Velocity (cm/sec) determined from Figures 1-6 and 1-8. 
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3.1 

Chapter 3 

STRUCTURAL DESIGN REQUIREttENTS 

DESIGN BASIS 

The requirements of this chapter shall control the selection of the 
seismic analysis and design procedures to be used in the design of 
buildings and their components. The design seismic forces, and their 
dfstributfon over the height of the buildfng, shall be established in 
accordance w f th the procedures in Chapter 4 or Chapter 5; the corre
sponding internal forces in the members of the building shall be deter
mined using a linearly elastic model. An approved alternate procedure 
may be used to establish the seismic forces and their distribution; the 
corresponding internal forces and deformations in the members shall be 
determined using a model consistent with the procedure adopted. Indi
vidual members shall be sized for the shears, axial forces, and moments 
determined In accordance with these provisions, and connections shall 
develop the strength of the connected members or the forces indicated 
above. The deformation of the building shall not exceed the prescribed 
limits when the building is subjected to the design seismic forces. 

A continuous load path, or paths, with adequate strength and stfffness 
shall be provided to transfer all forces from the point of application 
to the final pofnt of resistance. The foundation shall be designed to 
accommodate the forces developed or the movements imparted to the 
bu i Id i ng by the design ground mot Ions . In the determ i nat I on of the 
foundation design criteria, special recognition shall be given to the 
dynamic nature of the for .ces, the expected ground motions, and the 
desfgn basis for strength and ductility of the structure. 

3.2 SITE EFFECTS 

Soll Profile Types and site coefficients, S, are given fn this section. 

3.2.1 Soll Proff le Types 

The effects of site conditions on bu i 1 d Ing response sha 11 be estab-
1 f shed based on the Sofl Profile Types defined below. 
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Sec. 3.2.l/Sec. 3.2.2 

In I ocat ions where the so I I properties are not known in suff i c I ent 
detail to determine the Soil Pro f ile Type or where the profile does not 
fit any of the four types, Soi I Profile S2• Soi 1 Proff le 53, or Sol 1 
Profile Type S4 shall be used depending on whichever Soil Profile Type 
results in the higher value of seismic coefficient, Cs, as determined 
i n Sec . 4 . 2 • I • 

3.2.l.l Type S1 

Soil Profile Type 51 is a profile with: 

I • Rock of any characteristic, either sha 1 e- 1 i ke or crysta 11 i ne 
In nature. Such material may be characterized by a shear wave 
velocity greater than 2,500 feet per second or by other appro
priate means of classification, or 

2. Stiff soil conditions where the soil depth is less than 200 
feet and the soil types overlying rock are stable deposits of 
sands, gravels, or stiff clays. 

3.2.l.2 Type S2 

Soil Profile Type Sz is a profile with deep cohesfonless or stiff clay 
conditions, including sites where the soil depth exceeds 200 feet and 
the soil types overlying rock are stable deposits of sands, gravels, or 
stiff clays. 

3.2.l.3 

Soil Profile Type S3 Is a profile with soft- to medium-stiff clays and 
sands, characterized by 30 feet or more of soft- to medium-stfff clays 
with or without intervening layers of sand or other coheslonless soils. 

3.2.l.4 

Soil Profile Type S4 is a profile with more than 70 feet of soft clays 
or silts characterized by a shear wave velocity less than 400 feet per 
second. 

3.2.2 Site Coefficient 

' S Is a coefficient for the effects of the sfte conditions on building 
response and is given in Table 3-1. 
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3.2.3 

Sec. 3.2.2 (Table 3-1)/Sec. 3.3.1 

TABLE 3-1 
So11 Proff le Coefficient 

Type S Factor 

1.0 

1.2 

1.5 

2.0 

Soil-Structure Interaction 

The base shear, story shears, overturning moments, and deflections 
determined in Chapter 4 or Chapter 5 may be modified in accordance with 
the Appendix to Chapter 6 to account for the effects of soil-structure 
interaction. 

3.3 FRA"ING SYSTEttS 

As shown fn Table 3-2, four types of general framing systems (Bearing 
Wall, Building Frame, Moment Resisting Frame, and Dual) are recognized 
for purposes of these provisions. Each type is subdivided by the types ✓ 
of vertical element used to resist lateral seismic forces. For a dual 
system, a Moment Frame must be provided that is capable of resisting at 
least 25 percent of the prescribed seismic forces. The total seismic 
force resistance fs provided by the combination of the Moment Frame and 
the complementary seismic resisting elements in proportion to their 
rigidities. Special framing requirements are given in Sec. 3.6 and in 
Chapters 9 through 12 for buildings assigned to the various Seismic 
Performance Categories. 

3.3.1 Classification of Frcning Systems 

Each building or portion thereof shall be classified as one of the four 
general framing system types of Table 3-2. The response modification 
factor, R, and the deflection amplification factor, Cd, are given in 
Table 3-2 and are used in determining the base shear and the design 
story drift. Inverted pendulum-type structures associated with build
ings are included In Table 3-2. 
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Sec. 3.3.l (Table 3-2) 

TABLE 3-28 

Response Coefficients 
Response Modification Factor R for use in Eq. 4-2, 4-3, 4-3a, 5-3, 5-
3a, and 5-3b; Deflection Amplification Factor Cd for use in Eq. 4-10 
and 4-11 and In Sec. 10.4.2 and 10.9.3 

BEARING WALL SYSTEM 
Seismic resisting system _R_ ~ 

Light framed walls with shear panels 6-1/2 4 

Reinforced concrete shear walls 4-1/2 4 

Reinforced masonry shear walls 3-1/2 3 

Concentrically braced frames 4 3-1/2 

Unreinforced masonry shear walls 1-1/4 1-1/4 

BUILDING FRAME SYSTEM 

Seismic resisting system _...!L ~ 

Eccentrically braced frames, moment resist- 8 4 
ing connections at columns away from ilnk 

Eccentrically braced frames, non-moment 7 4 
resisting connections at columns away 
from 1 ink 

Light framed walls with shear panels 

Concentrically braced frames 

Reinforced concrete shear walls 

Reinforced masonry shear walls 

Unreinforced masonry shear walls 

7 

5 

5-1/2 

4-1/2 

1-1/2 

MOMENT RESISTING FRAME SYSTEM 
Seismic resisting system 

Special moment frames of steel 

_...!L 

8 

Special moment frames of reinforced concrete 8 

Intermediate moment frames of reinforced 
concrete 

Ordinary moment frames of steel 

Ordinary moment frames of reinforced 
concrete 

4 

4-1/2 

2 

4-1/2 

4- _1 /2 

5 

4 

1-1/2 

Sci-
5-1/2 

5-1/2 

3-1/2 

4 

2 

8 Structural and seismic resisting systems listed in this table are 
defined in Chapter 2. See Sec. 3.3 and 3.6 and Chapters 9 through 12 
for spec I a 1 requl rements for but ldl ngs ass I gned to various Set sml c 
Performance Categories. 
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Sec. 3.3.l (Table 3-2) 

TABLE 3-2 continued 

DUAL SYSTEM WITH A SPECIAL MOMENT FRAME CAPABLE OF RESISTING 
AT LEAST 25 PERCENT OF THE PRESCRIBED SEISMIC FORCES 

Complementary seismic resisting elements 

Eccentrically braced frames, moment resisting 
connections at columns away from link 

Eccentrically braced frames, non-moment resisting 
connections at columns away from link 

Concentrically braced frames 

Reinforced concrete shear walls 

Reinforced masonry shear walls 

Wood sheathed shear panels 

_E_ 

8 

7 

6 

8 

6-1/2 

8 

~-
4 

4 

5 

6-1/2 

5-1 /2 

5 

DUAL SYSTEM WITH AN INTERMEDIATE HOMENT FRAME OF REINFORCED CONCRETE 
OR AN ORDINARY MOMENT FRAME OF STEEL CAPABLE OF RESISTING 

AT LEAST 25 PERCENT OF THE PRESCRIBED SEISMIC FORCES 

Complementary seismic resisting elements 

Concentrically braced frames 

Reinforced concrete shear walls 

Reinforced masonry shear walls 

Wood sheathed shear panels 

INVERTED PENDULUM STRUCTURES 

Seismic resisting system 

Special moment frames of structural steel 

Special moment frames of reinforced concrete 

Ordinary moment frames of structural steel 
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5 

6 

5 

7 

_E_ 

2-1/2 

2-1/2 

1-1/4 

~ 

4-1/2 

5 

4-1/2 

4-1/2 

~ 
2-1/2 

2-1/2 

1-1/4 
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Sec. 3.3.2/Sec. 3.3.4.l.2 

3.3.2 Colt>inatfons of Fra111lng Systems 

Where combinations of framing systems are incorporated into the same 
building, the following requirements shall be fulfilled: 

3.3.2.1 R Value 

The value of R In the direction under consideration at any story shall 
not exceed the lowest value of R obtained from Table 3-2 for the seis
mic resisting system in the same direction considered above that story. 

EXCEPTION: This requirement need not apply to supported sys
tems with a weight equal to or less than 10 percent of the 
weight of the building. 

3.3.2.2 Detailing Requir ements 

For components coomon to systems having different R values, the detail
ing requirements required by the higher R value shall be used. 

3.3.3 Sefsafc Perfonaance Categories A. B. and C 

Any type of building framing system permitted in these provisions may 
be used for buildings assigned to Categories A, B, and C except frames 
limited to Category A only by the requ i rements of Chapters II and 12. 

3.3.4 Seh11fc Perfonaance Category D 

Buildings assigned to Category D shall conform to the framing system 
requirements for Categories A, B, and C and to the addftlonal require
ments and limitations of this section. 

3.3.4.1 Seismic , Res i st in g Systems 

Seismic resisting systems in buildings over 160 feet fn height shall be 
one of the following: 

3.3.4.1.1 

3.3.4.1.2 

Homent resisting frame system with Special Homent 
Frames. 

A Dual System utilizing Special Homent Frames. 
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3.3.4.1.3 

3.3.4.2 

Sec. 3.3.4.l.3/Sec. 3.3.4.4 

A system with structural steel or cast-in-place concrete 
braced frames or shear walls in which there are braced 
frames or shear walls so arranged that braced frames or 
shear walls in one plane resist no more than the follow
ing proportion of the se f smi c design force in each 
direction, including torsional effects: 

I . 60 percent when the braced frame or shear wa 11 s 
are arranged only on the perimeter, 

2. 40 percent when some of the braced frames or shear 
walls are arranged on the perimeter, 

3. 30 percent for other arrangements. 

This system is limited to buildings not over 240 feet in 
height. 

Interaction Effects 

Moment res I st f ng space frames that are enc 1 osed or adjo I ned by more 
rigid elements not considered to be part of the seismic resisting 
system shall be designed so that the action or failure of those ele
ments wi 11 not impair the vert i ca 1 load and seismic force resisting 
capability of the space frame. The design shall consider and provide 
for the effect of these rigid e 1 ements on the structura 1 system at 
building deformations corresponding to the design story drift A as de
termined in Sec. 4.6. 

3.3.4.3 Deformational Compatibility 

Every structural c0f11)0nent not included In the seismic force resisting 
system in the dfrectfon under consideration shall be investigated and 
shown to be adequate for the vert i ca 1 1 oad-carry i ng capacity and the 
induced moments resulting from the design story drift A as determined 
in accordance with Sec. 4.6. (See also Sec. 3.8 and Table 3-5.) 

3.3.4.4 Special Moment Frames 

A Special Moment Frame that is used but not required by these provi
sions may be discontinued and supported by a more rigid system with a 
lower R value subject to the requirements in Sec. 3.7.3. 

A Special Moment Frame that is required by these provisions shall be 
continued down to the foundation. 
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Sec. 3.3.5/Sec. 3.5 

3.3.5 Seismic Performance Category E 

The framing systems of buildings assigned to Category E shall conform 
to the requirements for Category O and to the additional requirements 
and limitations of this section. 

The height 1 imitations of Sec. 3.3.4 shal 1 be reduced from 160 feet to 
100 feet and for braced frame or shear wall systems the maximum height 
shall be reduced from 240 feet to 160 feet. 

3.4 BUILDING CONFIGURATION 

For purposes of seismic design, buildings shall be classified as regu
lar or irregular as specified in this section. Both plan and vertical 
configuration of a building shall be considered when determining wheth
er a building is to be classified as regular or irregular. 

All structures having irregular features as described in Table 3-3 or 
Table 3-4 shal I be designed to meet the additional requirements of 
those sections referenced in the tables. 

3.4.1 Plan Irregularity 

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

3.4.2 Vertical Irregularity 

Structures having one or more of the features listed in Table 3-4 shall 
be designated as having vertical irregularity. 

3.5 

EXCEPTION: Where no story drift ratio under design lateral 
load is greater the 1.3 times the story drift ratio of the 
story above, the structure may be deemed not to have the 
structural Irregularities of Types A or B in Table 3-4. The 
drift ratio relationship for the top two stories need not be 
considered. The story drifts for this consideration may be 
calculated neglecting torsional effects. 

ANALYSIS PROCEDURES 

This section prescribes the minimum analysis procedure to be followed. 
An alternate generally accepted procedure, includtng the use of an ap
proved site specific spectrum, if desired, may be used in lieu of the 
mi n i mum app 1 i cab 1 e procedure. The 1 i m I tat ions upon the base shear 
stated in Chapter 5 app_l y to any such ana 1 ys is. 
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Sec. 3.5 (Table 3-3) 

TABLE 3-3 
Plan Structural lrregularftfes 

Irregularity Type and Definition 

A 

B 

C 

D 

E 

Torsional lrregularity--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 at the two ends of the 
structure. 

Re-entrant Corners 

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

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 diaphragm, or changes In effective diaphragm 
stiffness of more than 50 percent from one story to 
the next. 

Out-of-Plane Offsets 

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

Nonparallel Systems 

The vertical lateral forc~-reslstlng elements are not 
parallel to or symnetrlc about the major orthogonal 
axes of .the lateral force-resisting system. 
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Sec. 3.5 (Table 3-4) 

TABLE 3-4 
Vertfcal Structural Irregularities 

Irregularity Type and Definition 

A 

B 

C 

D 

E 

Stiffness lrregularity--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. 

Weight (Hass} Irregularity 

Hass 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 that is lighter than the floor below need 
not be considered. 

Vertical Geometric Irregularity 

Vertical geometric Irregularity shall be con
sidered 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. 

In-Plane Discontinuity In Vertical Lateral 
Force-Resisting Element 

An In-plane offset of the lateral force-resisting 
elements greater than the length of those elements. 

Discontinuity in , Capacfty--Weak Story 

A weak story Is one In which the story lateral 
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. 

42 

Reference 
Section 

3.5.3 

3.5.3 

3.5.3 

3.7.5 

3.7.3 



-

Sec. 3 . 5.l/Sec. 3.6.l 
I 

3.5.1 S,,,smic Performance Category A 

/2egular or Irregular buildings assigned to Category A need not be anal
yzed for seismic forces for the building as a whole. The provisions 
of Sec. 3.6 shall apply to the components indicated therein. 

. / ' 
3.5.2 Seismic Performance Categories Band C 

~egular or irregular buildings assigned to Category B or C shall be, as 
a minimum, analyzed in accordance with the procedures In Chapter 4. · 

3.5.3 Seisn1lc Performance Categories O and E 

Buildings assigned to Categories O and E shall, as a minimum, be 
analy zed in accordance with the following procedures: 

1. fw~en designated as regular 

2. J W~en designated as i rregu 1 ar and having 
a height not over 5 stories or 65 feet 

3. fwhen designated as Irregular and having 
a height over 5 stories or 65 feet 

/~uch buildings 
Types A, B, or 

having irregularities of 
C in Table 3-4 

Chapter 4V· 

Chapter 4 / 

Special con
sideration of 
dynamic charac
teristics shall 
be given 

✓ 
Chapter 5 

Al 1 bu1 l dings des I gnated as i rregu 1 ar sha 11 satisfy the requirements 
referenced in Tables 3-3 and 3-4. 

7 / 
3.6 DES I GN ANO OETAI LI NG ~ QUI REttENTS ,,, ~ 

L .,,._, •f J, -1 lte,, c'Q 1 'r ' ' ' fi-<tei..,, ti I Co Cl-l)"'OH ~itf O V 
The design and detailing of components of ~the seismi c resisting system 

.aAG- Gf- • er~ st ~uet ura -1 an neAst-rl:letura l ,compene Rt;-s ha 1--e<· e-c:ts--sJ,>ee-i- 1 he; i l 

~ his section . h ,.,~J(rfll,..-, ~t,9,111'1 ft,r.JI ~r -{;1w, -..fv-l't n1✓p-f.o-. t.✓ ~ 
{'r:f/ •1C<: ' t--,,+, e,f CltAf - 7 

✓ 
3.6.1 SelSlllc Perfonmnce Category A 

'f'/,e rle,: v,.. UMP\ t<>le:fMJ I JA1 of 7 Wtt l 1 
Bui 1 di ngs ass 1 gned to Category A ,.._me)'-b~OA.s.tt:u c.te lng_a ny-mate F i a~ 

"or ~ --per:mLtted - ~n--Chapter s- 7 , -9·,···1o-;--··-1 r; ·---and --r2·: · These bu i Id I ngs 
ne.ad-on l.y ... . comp J.y .... ..w.i th _tb.e ... ml n-imum sef ·smtc-·forc:t: ·requ f'r•ements presented 
I n-..5.ec..-,- 3-. 7. --5 •-and••--3. 7-. 6· ·and to --the- requ i-rements .. , in -Sec. 3 .. 7-. 7 and 7. 3. 
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Sec. 3.6.2/Sec. 3.6.3.2 

3.6.2 Sefsalc Perfonaance Categories Band C 

/4uildings assigned to Category B or C shall conform to the requirements 
for Category A and the following requirements and limitations. 

3.6.2.1 Components 

Components of the seismic resisting system and other structural compo
nents shall conform to the requirements of Sec. 3.7 except Sec. 3.7.12 
and, for Category C, to Sec. 7.4. 

3.6.2.2 Materials 
. 1 ,J ,!P. "J-. I 
v ,he materials and the systems c~osed of those materials shall conform 

to the requirements and limitations In Chapters 9 through 12 for Cate
gories B ~ 

'--t.,..,; 

3.6.2.3 Openings 
kJ ,r,,.;;._,~ 

{ Where openings occur In shear walls or diaphragms or other plate-like 
e I ement s, chords sha l 1 be provided at the edges of the openings to 
resist the local stresses created by the presence of the opening. 
These chords sha l l extend into the body of the wa 11 or diaphragm a 
distance sufficient to develop and distribute the stress of the chord 
member. 

3.6.3 Seismic Performance Category 0 
J.t. 4 i c· 

v Buildings assigned to Category D shall conform to the requirements for 
Categories B and C and to the ~o .wJ.ng requirements aAEl-ttmtt~~ -ei:,s: 

2 o.? -f'~ ,,,,. ;f' c f-1,:.1,-1 

3.6.3.l Components 

Components of the seismic resisting system and other structural compo
nents also shall conform to the requirements of Sec. 3.7.3, 3.7.12, and 
7.5. 

3.6.3.2 Materials 

The materials and the systems c~osed of these materials shall conform 
to the requirements and limitations in Chapters 9 through 12 for Cate
gory D. 
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Sec. 3.6.4/Se c . 3.7.2 

3.6.-4 Seismic Perfornence Category E 

Buildings assigned to Category E shall conform to the requirements for 
Category D and to the following requirements and limitations: 

The materials and the systems composed of those materials shall conform 
to the requirements and limitations of Chapters 9 through 12 for Cate
gory E. 

3. 7 </ 1 STRUCTURAL CX>NPONENT LOAD EFFECTS 
,rl• / 

V ) t~ '1 n addition to the eva 1 uat f on required by the governing Bui 1 d f ng Code 
for other load combinations, all building components shall be provided 
with strengths sufficient to resist the effects of the seismic forces 
prescribed herein and the effects of gravity loadings from dead, live, 
and snow loads. The direction of application of seismic forces used in 
design shall be that which will produce the most critical load effect 
in each component. The second-order effects sha I 1 be inc I uded where 
app I i cab I e . 

Collbfnatfon of Load Effects 

The effects on the building and Its components due to gravity loads and 
seismic forces shall be combined in accordance with Eq. 3-1 or, asap
plicable, Eq. 3-2 or 3-2a. 

Combination of load effects 
= (1. I + 0.5 Av> Q0 + 1.0 Ql + 1.0 Q5 ± 1. 0 QE ( 3- l) 

Combination of load effects 
= (0.9 - 0.5 Av) Q0 ± 1.0 QE (3-2) 

For partial penetration welded steel column splices or for unreinforced 
masonry and other brittle materials, systems, and connections: 

Combination of load effects 
= (0.7 - 0.5 Av> Q0 ± 1.0 QE 

The term 0.5 Av may be neglected where Av is equal to 0.05. 

Orthogonal Effects 

(3-2a) 

3.7.2 
-.3, /.,, ;J · 'J 3 , 4, A-, I 

0 In buildings assigned to Category B or C, t he design seismic forces may 
be applied separately in each of two orthogonal directions. In build
ings assigned to Category D or E, the er it I ca 1 1 oad effect due to 
dfrectfon of appl !cation of seismic forces on the building may be 
assumed to be satisfied ff components and their foundations are de-
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Sec. 3.7.2/Sec. 3.7.5 3,1,. 4.]. 
signed for the following combination of prescribed loads: ~O percent 
of the forces for one direction plus 30 percent of the forces for the 
perpend I cu 1 ar direct I on. The Comb i nat I on requiring the maxi mum ,Com-
ponent strength shal 1 be used. l .. r,£, 5-t-.1., .r t-r,, r 

;/ EXCEPTION: Diaphragms and components of the seismic re
sisting system ut i 1 i zed in on I y one of the two orthogona 1 
directions need not be designed for the combined effects. 

3.7.3 Discontinuities in Strength of Vertical Resisting Syste111 

? The design of buildings assigned to Seismic Performance Category Dor E 
shall consider the potential for adverse effects when the ratio of the 
strength provided In any story to the strength required is signifi
cant 1 y I ess than that ratio for the story i rrrned I ate 1 y above and the 
strengths shall be adjusted to compensate for this effect. 

3 ~.1·)6.tructures assigned to Seism ic Perf ormance Category B, C, Dor E with a 
· · discontinuity in lateral capaci t y , vertical irregularity Type E as 

defined In Table 3-4, shall not be over 2 stories or 30 feet in height 
where the "weak" story has a calculated strength of less than 65 
percent of the story above . 

EXCEPTION: Where the "weak" story Is capable of resisting a 
total seismic force equal to 0.75 Cd times the design force 
prescribed In Chapter 4. 

3.7.4 Nonredundant Systems 
:J {1>.'J '! 

/ The design of a building shall consider the potentially adverse effect 
that the failure of a single member, connection, or component of the 
seismic resisting system would have on the stability of the building. 

3.7.5 Ti es and Continuity 

✓All parts of the building between separation joints shall be Intercon
nected and the connections shall be capable of transmitting the seismic 
force, F p, induced by the parts be Ing connected. As a m In i 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 Av/3 times 
the weight of the sma l 1 er portion but not 1 ess than 5 percent of the 
portion's weight . 

.; As a minimum, a positive connection for resisting a horizontal force 
shall be provided for each beam, girder, or truss to Its support which 

,, shall have a minimum strength acting along the span of the ment:>er equal 
to 5 percent of the dead and live load reaction. 
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Sec. 3.7.5/Sec. 3.7.9 

For structures f n Se ism f c Performance Category D or E having a p I an 
Irregularity of Type A, B, C or Din Table 3-3 or a vertical irregular
ity of Type Din Table 3-4, the design forces determined from Chapter 4 
shall be increased 25 percent for connections of diaphragms to vertical 
e 1 ements and to co 11 ectors and for connections of co I I ectors to the 
vertical elements. 

3.7.6 Concrete or Nasonry Wall Anchorage 

'i oncrete and masonry walls shall be anchored to the roof and all floors 
-; .~.\• that provide lateral support for the wal 1. The anchorage shal I provide 

a direct connection between the walls and the roof or floor construc
tion. The connections shall be capable of resisting a seismic lateral 
force, fp• induced by the wall but not less than a force of 1,000 Av 

· (lb) per lineal foot of wall. Walls shall be designed to resist bend
ing between anchors where the anchor spacing exceeds 4 feet. 

~ 3.7~7 Anchorage of Nonstructural Systems 

When required by Chapter B, all portions or components of the building 
shall be anchored for the seismic force, Fp, prescribed therein. 

3.7.8 Collector Elements 

VCollector elements shall be provided that are capable of transferring 
3 f> ,"'l /,, the seismic forces orig i nat Ing in other portions of the bu i Id Ing to the 

· element providing the resistance to those forces. 

3.7.9 Otaphr~ 

Vfhe deflection in the plane of the diaphragm, as determined by en
gineering analysis, shall not exceed the permissible deflection of the 

-3,i.11 attached elements. Permissible deflection shal 1 be that deflection 
which wl 11 perml t the ·attached element to maintain its structural 
Integrity under the Individual loading and continue to support the 
prescribed loads without endangering the occupants of the building. 

,, 
/ Floor and roof diaphragms shal 1 be designed to resist the seismic 

forces determined as follows: A minimum force equal to 0.5 Av times 
the weight of the diaphragm and other elements of the building attached 
thereto plus the portion of the seismic shear force at that level, Vx• 
required to be transferred to the components of the vert I ca 1 sei sml c 
resist Ing system because of off sets or changes In stiffness of the 
vertical components above and below the diaphragm. 
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Sec. 3.7.9/Sec. 3.8 

/Diaphragms shall provide for both the shear and bending stresses resul-
1 tfng from these forces . Diaphragms shall have ties or struts to dis-

J. ti . tr f bute the wa 11 anchorage forces into the diaphragm •~ pres er i bed in 
Sec. 3.7.5 or e.2.21 o,~p» C.~M (:i;-,,,-,Wt,+,0--n~ J)1.tll ~ l. f Q"f' ·f ,v c 
kl ~-e,/.im,,t,e, ;f"7p(.,,. to111wtt..f. , 11>111. 

3.7.10 Bearing Walls 

~ xterior and fnt erlor bearing walls and their anchorage shall be de-
7,1,.JJJ signed for a force of AvWc normal to the flat sur face with a minimum of 
' 0.1 We· /Interconnection of dependent wall elements and connections to 

supporting framing systems sha 11 have sufficient duct i 1 i ty or rota 
ti ona 1 capacity or sufficient strength to resist shrinkage, thermal 
changes, and differential foundation settlement when combined with 
seismic forces. 

C,~ 
/ 

3.7.11 Inverted Penduh,a-Type Structures 
✓'--•~----..,,---._ .. ___ T~--.. ..... ... . ••••• ..... ••• Jla •••r ,.... • - - _ _.., _ •-- •~ ---- ... """ 

~Inverted pendulum- type structures are structures where the seismi ~ 
Cs i st f ng syst .em acts es sent i a 11 y as an isolated cant i 1 ever..( sJ_.{ Sup-

✓ ~por tl ng co lumns ·or · pf ers of inverted pendu 1 um-type - st-;.uctures sha 11 be 
- ~ designed for the bending moment calculated at the base determined using 

J-b · "J • the procedures g i ven f n Sec. 4. 2 and vary Ing un I form 1 y to a moment at 
the top equal to one-half the calculated bending moment at the base. 

3.7.12 Vertical Seis • fc Hotfons for Buf I dings Assigned to 
Categories D and E 

The vertical component of earthquake motion shall be considered in the 
design of horizontal cantilever and horizontal prestressed components. 
For horizontal cantilever components, these effects may be satisfied by 
designing for a net upward force of 0.2 Q0. 

3.8 DEFLECTION AND DRIFT LIMITS 

All portions of the bufldfng shall be designed and constructed to act 
as an Integral unft In resisting seismic forces unless separated struc
turally by a distance sufficfent to avoid damaging contact under total 
deflection, ~x (as determined In Sec. 4.6.l), or modified deflection, 
ix (as determined in Sec. 6A.2.3), corresponding to the seismic design 
forces. 

The design story drift, 6, as determined In Sec. 4.6 or 5.8. shall not 
exceed the allowable story drift Aa as obtained from Table 3-5 for any 

st O r Y • 0 / 0 :a~~·:~c~~~~t:-J!l'~-~"-1 u.sdJ.fgn0,g.t£t4"oerl!t1sr¥f~o ... n.ta.Qlff e+fG>fRsea-ct't-s'"d,tefs4.he:,~ to~~ 

1 t and e ontr 
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TABLE 3-5 
Allowable Story Drift 68 

Sec. 3.8 (Table 3-5) 

Seismic Hazard Exposure Group 

Buf ldings 

Single story steel buildings 
without equipment attached to 
the structural resisting system 
and without brittle finishes 

4 stories or less without 
brittle finishes 

Al 1 others 

No Limit 

0.020hsx 

0.015hsx 
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Chapter 4 

EQUIVALENT LATERAL FORCE PROCEDURE 

GENERAL 4.1 

~he requirements of this chapter provide m1n1mum standards for the 
seismic analysis of buf ldings as prescribed in Sec. 3.5.2 and 3.5.3. 
For purposes of analysis, the building is constructed to be fixed at 
the base. 

4.2 SEIS"IC BASE SHEAR 

V'The seismic base shear, V, in a given direction, shal 1 be determined 
from the following: 

where 

V = C5 W, ( 4-1 ) 

../ Cs= the seismic design coefficient determined in 
accordance with Sec. 4.2.1, and 

./ W = the tota 1 dead 1 oad and app 1 i cab 1 e portions of 
other loads listed below: 

~-

/2 . 

In storage and warehouse occupanc I es, a 
minimum of 25 percent of the floor lfve load 
'shall be appl !cable. 

Where an allowance for partition load Is 
Included In the floor load design, the 
actual partition weight or a minimum weight 
of 10 psf of floor area, whichever is 
greater, shal I be applicable. 

Total operatf ng weight of permanent equip
ment. 

The effective snow load as defined in Sec. 
-2. l. 
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Sec. 4.2/Sec. 4.2.l 

The value of Cs shall be determined in accordance with Eq. 4-2, 4-3, or 
4-3a as appropriate. 

'4.2.1 Calculation of SefS11ic Coefficient 

When the fundamenta 1 period of the bu I 1 ding i s cOlll)uted, the se i sm i c 
design coefficient, C5 , shall be determined from the following: 

where 

,,/Av= 

/ s = 

/ R = 

(4-2) 

the coefficient representing Effective Peak Vel
ocity-Related Acceleration from Sec. 1.4.1, 

the coefficient for the soil profile character
istics of the site given In Table 3-1, 

the response modification factor given in Table 
3-2, and 

/ T = the f undamenta I period of the bu i 1 d Ing deter
mined in Sec. 4.2.2. 

Cs need not be taken greater than the value given by Eq. 4-3 or 4-3a. 

The soil-structure interaction reduction, when determined in accordance 
with the Appendix to Chapter 6, may be used. 

For the design of a buf ldfng where the period Is not calculated, the 
value of Cs shall be determined from the following: 

,A.v 
Cs = 2. 5 Aa/ R, ( 4-3) 

where 

~a= ·the seismic coefficient representing the Effec
tive Peak Acceleration as determined in 
Sec. I • 4. 1 • 

✓~XCEPTION: For Soil Profile Type 53 or Soll Profile Type 54 
in areas where Aa ~ 0. 30, Cs sha 11 be determined from the 
fo 1 lowing: 

.l ) 

t l cs = 2 Aa/R. (4-3a) 
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Sec. 4.2.2 (Table 4-1)/Sec. 4.2.2.l 

' 4.2.2 4(, I~ Period Oeterntlnatfon 

/4r use In Eq. 4-2, the fu~damental period of the building, T, in the I 
direction under consideration, may be established using the structural 
properties and deformational characteristics of the resisting elements 
in a properly substantiated analysis. The period so determined shall 
not exceed CaTa where Ca Is given In Table 4-1. 

/ 
1,/ TABLE 4-1 

Coefficient for Upper Li• it 
on Calculated Period 

A · V Ca 

0.4 1.2 
0.3 1.3 
0.2 1.4 
0. 15 1.5 
0. 1 1.7 
0.05 1. 7 

NOTE: See Sec. 4.2.2 and 5.8 
for application of Av and Ca. 

A 1 ternat i ve 1 y, the va I ue of T may be taken equa 1 to the approximate 
fundamental period of the building, Ta, determined in accordance with 
Eq. 4-4 or 4-5 as appropriate. 

4.2.Z.l tf-_1.~.\ for bul !dings in which the lateral force resisting 
system consists of moment resisting frames capab I e of 
resisting 100 percent of the required lateral force and 
such frames are not enclosed or adjoined by more rigid 
components tending to prevent the frames from deflecting 
when subjected to seismic forces: 

where 

V Cr= 0.030 for concrete frames, 

Cr= 0.035 for steel frames, and 
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Sec. 4.2.2.1/Sec. 4.3 

4.2.2.2 

4.3 4-,-:J... 

hn = the height in feet above the base to the high-
est level of the building. 

As an alternate for concrete and steel frame buildings 
of 12 stories or less with the minimum story heignt of 
l 0 feet, the formu I a Ta = 0. l N, where N = number of 
stories, may be used in lieu Eq. 4-4. 

For all other buildings: 

✓ Ta= 0.05 hn/£ (4-5) 

where L = the overall length (in feet) of the building 
at the base in the direction under consideration. 

VERTICAL DISTRIBUTION OF SEISltlC FORCES 

The lateral force, Fx, induced 
the fo 11 ow I ng: 

at any level, shall be determined from 

/ F x = CvxV, 
where 

(4-6) 

Wf and Wx = 

hf and hx = 

✓ k = 

w hk 
X X 

n k 
! Wihi 

i=l 

the portion 
i or x; 

the height 

of W 

above 

(4-6a) 

located at or assigned to level 

the base to level I or x; and 

an exponent related to the bui ldf ng period as 
fol lows: 

For bu I I d I ngs hav t ng a per I od of O. 5 seconds 
or 1 ess, k= 1 • 

For buildings having a period of 2.5 seconds 
or more, k=2. 

For buildings having a period between 0.5 and 
2. 5 seconds, k may be taken as 2 or may be 
determined by 1 I near I nterpo I at I on between 1 
and 2. 
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Sec. 4.4/Sec. 4.5 

4.4 HORIZONTAL SHEAR DISTRIBUTION 

The seismic design story shear in any story, Vx, shall be determined 
from the following: 

(4-7} 

The shear, Vx, shall be distributed to the various vertical elements 
of the seismic resisting system in the story under consideration with 
due consideration given to the re 1 at i ve stiffnesses of the vert i ca 1 
resisting elements and the diaphragm. 

4.4.1 4 j I Torsion 
,. . 

The des ign shall provide for the torsional moment Ht resulting from the 
location of the building masses plus the torsional moments Mta caused 
by assumed displacement of the mass each way from its actual location 
by a di stance equal to 5 percent of the dimension of the bu i 1 ding 
perpendicular to the direction of the applied forces. 

For Categories C, D, and E buildings where torsional irregularity 
exists, as defined in Table 3-4, the effects shall be accounted for by 
increasing the ace i denta 1 torsion at each 1 eve 1 by an amp 1 if i cation 
factor, Ax, determined from the following: 

where 

(4-8) 

the maximum displacement at level x, and 

the average of the displacements at the extreme 
points of the structure at level x. 

The value of Ax need not exceed 3.0. 

se vere I oad f ng for each element sha l 1 be cons I de red for de- ) 

)-5 OVERTURNING 

/Every building shall be designed to resist overturning effects caused 
by the seismic forces determined In Sec. 4.3. At any story, the incre
ment of overturning moment in the story under consideration shall be 
di strlbuted to the various vertical resisting elements in the same 
proportion as the distribution of the horizontal shears to those 
elements. 
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Sec. 4.5/Sec. 4.6.l 

The overturning moments shall be determined from the following: 

where 

n 
1C I Fi (h1-hx>, 

i=x 
( 4-9) 

,/' ic: = 1.0 for the top 10 stories, 

✓ IC = 0.8 for the 20th story from the top and below, 
and 

j ic:= a value between 1.0 and 0.8 determined by a 
straight line interpolation for stories between 
the 20th and 10th stories below the top. 

The foundations of buildings, except inverted pendulum structures, may 
be designed for the foundation overturning design moment, 11f, at the 
foundation-soi 1 interface determined using Eq. 4-9 with IC = 0. 75 for 
all building heights. 

4.6 DR I FT DETERtU NATION AND P-DEL TA EFFECTS 

Story drifts and, where required, member forces and moments due to P
delta effects shall be determined in accordance with this section. 

4.6.1 Story Drift Deten1fnatfon 

The design story drift, A, shall be computed as the difference of the 
def l ect ions, .Sx, at the top and bottom of the story under consider
at I on • The def 1 ect ions, .Sx, sha l 1 be eva 1 uated In accordance w I th 
fol lowf ng: 

where 

(4-10) 

V Cd = the deflection amp l i ff cation factor as given in 
Table 3-2, and 

~xe = the def 1 ect f ons determined by an e 1 ast f c ana 1-
ys is. 

The elastic analysis of the seismic resf sting system shal 1 be made 
using the prescribed seismic design forces (see Sec. 4.3). 
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Sec. 4.6.l/Sec. 4.6.2 

For determining compliance with the story drift limitation of Sec. 3.8, 
the deflections 6x may be calculated as above. For purposes of this 
drift analysis only, it is permissible to use the computed fundamental 
period, T, of the building without the upper bound limitation specified 
in Sec. 4.2.2 when determining drift level seismic design forces. 

Where applicable, 6 shall be increased by the incremental factor re
lating to the P-delta effects as determined in Sec. 4.6.2. 

4.6.2 P-Delta Ef=f=ects 

P-de 1 ta effects on story shears and moments, the resu 1 ting member 
forces and moments, and the story drifts induced by these effects need 
not be considered when the stability coefficient, 8, as determined in 
accordance with Eq. 4-11, is equal to or less than 0.10: 

/a = PxMVxhsxCct, ( 4- 1 1 ) 
where 

✓- Px = the total unfactored vertical design load at 
story x, 

v6 = the design story drift determined as pre 
scribed in Sec. 4.6. 1, 

✓vx = the seismic design story shear acting in story 
x, 

✓hsx = the story height of story x, and 

Cd = the deflection amplification factor as given 
in Table 3-2. 

When 8 is greater than 0.10, the incremental factor related to P-delta 
effects, ad• shall be determined by rati 9 n~J 9 aly ~i~ (see Part 2, C -
mentary) • "Ffie e fgrt · story ,.,.dr f ft determ i ned in Sec. 4. 6. 1 sha 1 1 be 

p ied by the factor (0.9/1-8 ) 1.0 a b to drift in-
---....>&>- ....... ~ - de,l..ta- efi-fee · 

Vrhe increase in story shears and moments resulting from the increase in 
story drift shall be added to the corresponding quantities determined 
without consideration of the P-delta effect. 
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Chapter 5 

tl)()Al ANALYSIS PROCEDURE 

5.l GENERAL 

✓ The symbo Is used in this method of ana 1 ys is have the same meaning as 
those for s i mi 1 ar terms used 1 n Chapter 4, with the subscript "m" de
not Ing quantities in the mth mode. 

V 5.2 NOOELING 

/ 

The building may be modeled as a system of masses lunped at the floor 
levels with each mass having one degree of freedom, that of lateral 
displacement in the direction under consideration. 

NODES 

The ana I ys is sha 11 t nc I ude, for each of two mutua 11 y perpend! cu I ar 
axes, at 1 east the 1 owe st three modes of vibration or a 11 modes of 
vibration with periods greater than 0.4 second, whichever is greater, 
except that for structures 1 ess than three stories in height, the 
number of modes shall equal the number of stories. 

5.4 PERIODS 

The required periods and mode shapes of the building 1n the direction 
under consideration shall be calculated by established methods of 
mechanics for the fixed base cond It ion us Ing the masses and e I ast t c 
stiffnesses of the seismic resisting system. 

5.5 ttOOAL BASE SHEAR 

The portion of the base shear contributed by the mth mode, Vm, shall be 
determined from the following: 
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sec. 5.5 

where 

(5-1) 

V C5m = the modal seismic design coefficient determined 
below, 

/ Wm = the effective modal gravity load determined as 
fol lows: 

2 
n 

[ I w1+im7 
✓ - ___ 1-=-=l _ _ J 

Wm= (5-2) 

/ where • Im = the d t sp 1 acement amp I t tude at the 
1th level of the building when vibrating in its 
mth mode. 

The moda I se ism f c des I gn coeff i ct ent, Csm• sha 11 be determl ned In 
accordance with the following: 

/_, . ✓ Csm = 1.2 AyS/RTm213 • (5-31 

The value of Csm need not exceed 2.5 Aa/R. For Type 53 or Type 54 
sofls fn areas where the coefficient Aa ~ 0.3, Csm need not exceed 2 
Aa/R. 

EXCEPTIONS: 

1. For Sot I Prof! le Type 53 or Soi 1 Proff le Type 54 soi Is, 
Csm for modes other than t~e fundamental mode that have 
periods 1 ess than O. 3 seconds may be determined as 
fol lows: 

Csm = A8 /R (0.8 + 4.0 Tm>· (5-3a) 

2. For structures fn which any Tm exceeds 4.0 seconds, the 
value of Csm for that mode may be determined as follows: 

C ~/3 
sm = 3 AvS/RTm • (5-3b) 

The reduction due to soil-structure tnterac:tion as determined in 
Sec. 6A.3 may be used. 
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Sec . 5.6/Sec . · 5.8 

5.6 ttOOAL FORCES, DEFLECTIONS, AND DRIFTS 

V'The modal force, Fxm• at each level shall be determined as follows: 

and 

/ Cvxm = 

/ ' 

n 
E w;• 1m 

f =I 

(5-4) 

(5-4a) 

v The modal def I ect ion at each level • cSxm, sha 1 l be determined as fo 1-
1 ows: 

where 

/' v 6xem = (g/4w 2 )(T~Fxm/wx>· 

/ The modal drift in a story, Am• shall be computed as the 
the deflections, 4xm• at the top and bottom of the story 
eration. 

5.7 ttOOAL STORY SHEARS ANO ll>t£NTS 

( 5-5) 

(5-6) 

difference of 
under consid-

The story shears, story overturning moments, and the shear forces and 
overturning moments in walls and braced frames at each level due to the 
seismic forces determined from Eq. 5-4 and 5-5 shal I be computed for 
each mode by linear static methods. 

5.8 DESIGN VALUES 

The design value for base shear, each of the story shear, moment and 
drift quantities, and the deflection at each level shall be determined 
by combining their modal values, obtained from Sec. 5.6 and 5.7. The 
combination shall be carried out by taking the square root of the sum 
of the squares of each of the modal values. The design base shear, Vt, 
shall be cOfll)ared with a base shear, V, calculated using a period T = 
1.2 C8 T8 where Ca Is as given In Table 4-1. Where Vt Is less than V, 
the design story shears, moments and drifts, and floor deflections 
shall be multiplied by V/Vt- The base shear need not exceed the values 
determined in accordance with Sec. 4.2. 
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Sec. 5.9/Sec. 5.ll 

5.9 HORIZONTAL SHEAR DISTRIBUTION 

The provisions of Sec. 4.4 apply. 

5.10 FOUNDATION OVERTURNING 

In the design of the foundation, the overturning moment at the found
ation-soil Interface may be reduced by 10 percent. 

5.11 P-DELTA EFFECTS 

Using the story drifts and story shears determined In Sec. 5.8, the 
P-delta eff~cts shall be determined In accordance with Sec. 4.6.2. 
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Chapter 6 

SOIL-STRUCTURE INTERACTION 

The procedures set forth In the Appendix to Chapter 6 may be used to 
incorporate the effects of soil-structure interaction in the determina
tion of the design earthquake forces and the correspond f ng displace
ments of the building. The use of these procedures will decrease the 
design va 1 ues of the base shear, 1 at era 1 forces, and overturning mo
ments but may increase the computed values of the lateral displacements 
and the secondary forces associated with the P-delta effect. 
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6A. l 

APPENDIX TO CHAPTER 6 

Soil-Structure Interaction Effects 

GENERAL 

The prov is f ons set forth In this appendix may be used to incorporate 
the effects of soil-structure interaction in the determination of the 
design earthquake forces and the corresponding di sp 1 acements of the 
building. The use of these provisions will decrease the design values 
of the base shear, lateral forces, and overturning moments but may in
crease the computed values of the lateral displacements and the secon
dary forces associated with the P-delta effects. 

The provisions for use with the Equivalent Lateral Force Procedure are 
given fn Sec. 6A.2 and those for use with the Modal Analysis Procedure 
are given in Sec. 6A.3. 

6A.2 E®IVALENT LATERAL FORCE PROCEDURE 

The following provisions are supplementary to those presented in Chap
ter 4. 

6A.2.l Base Shear 

To account for the effects of soi I-structure interaction, the base 
shear, V, determined from Eq. 4-1 and 4-2 may be reduced to: 

V = V - t:.V. (6A-l) 

The reduction, t:.V, shall be computed as follows: 

where 

~ ~ 0 .. -
t:.V = [Cs - Cs (0.05/a) • ]W, (6A-2) 

Cs z the seismic design coefficient computed from Eq. 
4-2 using the fundamental natural period of the 
fixed base structure, Tor T8 , as specified in 
Sec. 4.2.2; 

Cs= the value of Cs computed from Eq. 4-2 using the 
fundamental natural period of the flexibly sup
ported structure, T, defined in Sec. 6A.2.l.l; 

B = the fraction of critical damping for the 
structure-foundation system, determined in 
Sec. 6A.2.l.2; and 
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W = the effective gravity 1 cad of the building, 
which shall be taken as 0.7 W, except that for 
buildings where the gravity load is concentrated 
at a single level, it shall be taken equal to W. 

The reduced base shear, V, shall in no case be taken less than 0.7 V. 

6A.2.l.1 Effective Building Period 

The effective period, T, shall be determined as follows: 

r = T /1 + k/Ky ( 1 + Kyt? /Ke>, (6A-3) 

where 

k = the stiffness of the building when fixed at the 
base, defined by the following: 

(6A-4) 

-h = the effective height of the building which shall 
be taken as 0.7 times the total height, hn, 
except that for buildings where the gravity load 
is effective 1 y concentrated at a sing 1 e level , 
it shall be taken as the height to that level; 

Ky= the lateral stiffness of the foundation, defined 
as the static horizontal force at the level of 
the foundation necessary to produce a unit 
def 1 ect ion at that level , the force and the 
deflection being measured in the direction in 
which the structure is analyzed; 

Ke= the rocking stiffness of the foundation, defined 
as the static moment necessary to produce a unit 
average rotat I on of the foundation, the moment 
and ·rotation being measured in the direction in 
which the structure is analyzed; and 

g = the acceleration of gravity. 

The foundation stiffnesses, Ky and Ke, shall be computed by established 
principles of foundation mechanics (see COITlllentary} using soil proper
ties that are compatible with the soil strain levels associated with 
the design earthquake motion. The average shear modulus, G, for the 
soils beneath the foundation at large strain levels and the associated 
shear wave velocity, vs, needed in these computations shall be 
determined from Table GA-1 where: 
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v 50 = the average shear wave ve 1 oc I ty for the soi 1 s 
beneath the foundation at sma 11 strain 1 eve 1 s 
c10- 3 percent or less), 

Go= yv~0 /g = the average shear modulus for the soils 
beneath the foundation at sma 11 stra In 1 eve 1 s, 
and 

y = the average unit weight of the soils. 

TABLE 6A-I Values of G/G0 and Vs/Vso 

Ground Acceleration 
Coefficient, Av 

Value of G/Go 

Value of v9 /vs 0 

(0. 10 

0.81 

0.9 

0. 15 

0.64 

0.8 

0.20 

0.49 

0.7 

• 0.30 

0.42 

0.65 

Alternatively, for buildings supported on mat foundations that rest at 
or near the ground surface or are embedded in such a way that the side 
wa 11 contact with the so 11 cannot be considered to rema In effective 
during the design ground motion, the effective period of the building 
may be determined as follows: 

where 

(GA-5) 

a= the relative weight density of the structure and 
the soil, defined by: 

- -a= W/yA0 h. (6A-6) 

ra and rm =.characteristic foundation lengths, defined by: 

r 8 = /A0 /Tr, 

rm = ]41 0 /,r. 

where 

A0 = the area of the foundation. 
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6A.2. l .2 

Appendix to Chapter 6 

10 = the static moment of the foundation about 
a horizontal centroidal axis normal to 
the direct I on In which the structure is 
analyzed. 

Effective Damping 

The effective damping factor for the structure-foundation system, 8, 
shall be computed as follows: 

where 
a= a0 + 0.05/(T/T) 3 (6A-9) 

a0 = the f oundat I on damp f ng factor as spec I f i ed i n 
Figure 6A-1. 

025-~ ---- ----- ~-~ 

ctl'. 020 

0, 
C 
5. 
E 
0 
a 
C 0.10 
0 
.;: 
0 
-0 
C 

B 
Li. 0 .05 

- Value of Av<!:0.20 
---- Value of Av!,;010 

0 -==: ::=,,;___,JL,..._....l,_----I._..J___.__L- ....L__,J---l 
1.0 I 2 1,4 1.6 1.8 2.0 

f /T or i;/T, 

FIGURE 6A-l Foundation dellJ>fng factor. 

The va 1 ues of Bo corresponding to Av = 0. 15 In Figure 6A-1 sha 11 be 
determined by averaging the results obtained from the solid lines and 
the dashed lines. 
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The quantity r in FI gure 6A-1 is a characteristic foundat I on length 
that shall be determined as follows: 

· For h/Lo 

and for 

where 

( o.s. 

ti/lo 

r = ra = ✓A0/rr, 

) 1 • 

r = rm = ':J 410/Tr, 

L0 = the overall length of the side of the foundation 
in the direction being analyzed, 

A0 = the area of the load-carrying foundation, and 

10 = the static moment of inertia of the load-carrying 
foundation. 

For Intermediate values of h!L0 , the value of r shall be determined by 
linear interpolation. 

EXCEPT I ON : For . bu i 1 dings supported on poi nt bear i ng pi l es 
and in all other cases where the foundation soil consists of 
a soft stratum of reasonably uniform properties underlain by 
a much stiffer, rock-like deposit with an abrupt increase in 
stiffness, the factor Bo in Eq. 6-9 shall be replaced by: 

8~ = C4D5 /VsT>2 B0 , (6A-10) 

ff 4Ds/vsT < 1 where Os fs the total depth of the stratum. 

The value of a c~uted from Eq. 6A-9, both wfth or without the ad
justment represented by Eq. 6A-10, shall in no case be taken as less 
than 8 = 0.05. 

6A.2.2 Vertical Distribution of Selsaic Forces 

The distribution over the height of the building of the reduced total 
se I smi c force, V, sha 11 be considered to be the same as for the 
building without Interaction. 
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6A.2.3 other Effects 

The modified story shears, overturning moments, and torsional effects 
about a vert i ca 1 axis sha 11 be determined as for structures without 
interaction using the reduced lateral forces. 

The modified deflections, ~x• shall be determined as follows: 

~x = V/V [Hohx/Ke + <Sx], (6A-ll) 
where 

M0 = the overturning moment at the base determined in 
accordance with Sec. 4.5 using the unmodified 
se ism I c forces and not inc 1 ud f ng the reduction 
permitted in the design of the foundation, 

hx = the height above the base to the 1 eve 1 under 
consideration, and 

<5x = the deflections of the fixed base structure as 
determined in Sec. 4.6. l using the unmodified 
seismic forces. 

The modified story drifts and P-delta effects shall be evaluated in 
accordance w I th the provisions of Sec. 4. 6 using the modified story 
shears and deflections determined in this section. 

6A.3 ttOOAL ANALYSIS PROCEDURE 

The following provisions are supplementary to those presented in Chap
ter 5. 

6A.3. l Moda1 Base Shears 

To account for the effects of sol I-structure interact ion, the base 
shear correspond Ing to the . fundamenta 1 mode of v I brat I on, V 1 , may be 
reduced to: 

(6A-12) 

Jhe reduction, 6V1, shall be computeq_ In accordance with Eq. 6A-2 with 
W taken as equal to the gravity load W1 defined by Eq. 5-2; Cs computed 
from Eq. 5-3 using the fundamental period of the fixed base building, 
T1: and Cs computed from Eq. 5-3 using the fundamental period of the 
elastically supported building T1· 
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The period T1 shall be determined from Eq. 6A-3, or from Eq. 6A-5 when 
applicable, taking T = T1, evaluating k from Eq. 6A'....4 with W = W1, and 
computing has follows: 

n 
I w;• 1h1 

i = I h = .a,._.;:._ __ _ 

n 
I Wt • 11 

I= l 

(6A-13) 

The above des I gnated va 1 ues of W, h, T, and T a 1 so sha 1 l be used to 
evaluate the factor Q from Eq. 6A-6 and the factor 80 from Figure 6A-1. 

No reduction shall be made In the shear c~nents contributed by the 
higher modes of vibration. 

The reduced base shear, V1, shall in no case be taken less than 0.7 Vi. 

6A.3.2 Other ttodal Effects 

The modified moda 1 se I sm i c forces , story shears, and overturning mo
ments sha 11 be determ I ned as for bu f 1 d f ngs without interaction using 
the modified base shear, Vi, Instead of Vi. 

The modified modal deflections, 4xffi, shall be determined as follows: 

and 

where 

(6A-14) 

.. 
axrn = ax form= 2, 3, ••• , (6A-15) 

M0 1 = the overturning base moment for the fundamental 
mode of the fixed-base but ldfng, as determined 

· In Sec. 5. 7 using the unmodified modal base 
shear VI , and 

axm = the moda 1 def 1 ect Ions at 1 eve 1 x of the fl xed
base but ldfng as determined In Sec. 5.6 using 
the unmodified modal shears, Vm, 

The modified modal drift In a .. story, Am, shall be computed as the dlf
f erence of the def! ect Ions, axm, at the top and bottom of the story 
under consideration. 
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6A.3.3 Design Values 

The des f gn va 1 ues of the modi ff ed shears, moments, deflections, and 
story drifts shall be determined as for structures without interaction 
by taking the square root of the sum of the squares of the respective 
modal contributions. In the design of the foundation, the overturning 
moment at the foundation-soi 1 interface determined in this manner may 
be reduced by 10 percent as for structures without Interaction. 

The effects of torsion about a vertical axis shall be evaluated in ac
cordance with the provisions of Sec. 4.4 and the P-delta effects shall 
be evaluated fn accordance wfth the provfsfons of Sec. 4.6.2, using the 
story shears and drifts determined In Sec. 6A.3.2. 
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7.1 

Chapter 7 

FOUNDATION DESIGN REQUIREttENTS 

GENERAL 

This chapter includes only those foundation requirements that are spe
clflcal ly related to seismic resistant construction. It assumes com
pliance with all other basic requirements. These requirements include, 
but are not I i mi ted to, provisions for the extent of the foundation 
investigation, ff 1 ls to be present or to be placed in the bui !ding 
area, slope stabi l lty, subsurface drainage, and settlement control. 
A 1 so i he 1 uded are pi I e requirements and capacities and bear Ing and 
lateral soil pressure reconrnendations. 

7.2 STRENGTH OF COttPONENTS ANO FOUNDATIONS 

The resisting capacities of the foundations, subjected to the pre- I 
scribed seismic forces of Chapters l through 6, shall meet the require-
ments of this chapter. 

7 .2.1 Structural ttaterlals 

The strength of foundation components subjected to seismic forces alone 
or fn combination with other prescribed loads and their detailing re
quirements shall conform to the requirements of Chapter 9, 10, 11, or 
12. The strength of foundation components shall not be less than that 
required for forces acting-without seismic forces. 

7.2.2 Soll C-,acltles 

The capacity of the foundation soil in bearing or the capacity of the 
sol 1 interface between pi le, pier, or caisson and the sol l shall be 
sufficient to support the structure with all prescribed loads, without 
seismic forces, taking due account of the s~ttlement that the structure 
can withstand. For the load combination including earthquake as speci
fied in Sec. 3.7, the soil capacities must be sufficient to resist 
loads at acceptable strains considering both the short duration of 
loading and the dynamic prpperties of the soil. 
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Sec. 7.3/Sec. 7.4.4 

7.3 SEISNIC PERFORttANCE CATEGORIES A ANO B 

Any construct I on meeting the requirements of Sec. 7. 1 and 7. 2 may be 
used for buildings classified as Category A or B. 

7.4 SEISNIC PERFORNANCE CATEGORY C 

Foundations for buildings classified as Category C shall conform to all 
of the requirements for Category B construction and to the additional 
requirements of this section. 

7.4.1 Investigation 

The Regulatory Agency may require the submission of a written report 
that shall include, in addition to the requirements of Sec. 7.1 and the 
evaluations required in Sec. 7.2.2, the results of an investigation to 
determine the potential hazards due to slope instability, liquefaction, 
and surface rupture due to faulting or lurching, al 1 as a result of 
earthquake motions. 

7.4.2 Pole-Type Structures 

Construction employing posts or poles as columns embedded in earth or 
embedded In concrete footings in the earth may be used to resist both 
axial and lateral loads. The depth of embedment required for posts or 
po 1 es to res i st se I sm I c 1 cads sha I I be determ I ned by means of the 
design criteria established In the foundation investigation report. 

7.4.3 Foundation Ties 

Individual pf le caps, drl 1 led piers, or caissons shal 1 be intercon
nected by ties. All ties shall be capable of carrying, In tension or 
compress f on, a force equa 1 to Av/ 4 of the larger pi le cap or co 1 umn 
I cad un 1 ess it can be demonstrated that equ Iva 1 ent restra Int can be 
prov I ded by re inf arced concrete beams w f th f n s 1 abs on grade or ref n
forced concrete slabs on grade or confinement by competent rock, hard 
cohesive sofls, very dense granular soils, or other approved means. 

7.4.4 Special Pile Requtreaents 

The following special requirements for concrete piles, concrete filled 
steel p I pe pi 1 es, dr i 11 ed pf ers, or ca I ssons are in add It ion to a 11 
other requirements fn the code acininfstered by the Regulatory Agency. 
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Sec. 7.4.4/Sec. 7.4.4.3 

All concrete pil~3 and concrete filled pipe piles shall be connected to 
the pile cap by embedding the pile reinforcement in the pf le cap for a 
distance equal to the development length as specified in Chapter 11. 
The pile cap connection may be made by the use of field-placed dowels 
anchored in the concrete pf le. For deformed bars, the development 
length Is the full development length for compression without reduction 
in length for excess area. Where special reinforcement at the top of 
the pi le is required, alternative measures for laterally confining 
concrete and maintaining toughness and ductile-like behavior at the top 
of the pile w i l l be permitted provided due consideration is given to 
forcing the hinge to occur in the confined section. 

Where a mini mum 1 ength for reinforcement or the extent of closely 
spaced confinement reinforcement ts specified at the top of the pile, 
provisions shall be made so that those specified lengths or extents are 
maintained after pile cut-off. 

7.4.4.l Uncased Concrete Piles 

A mlntmun reinforcement ratio of 0.0025 shall be provided for uncased 
cast-In-place concrete drilled piles, drilled piers, or caissons in the 
top one-third of the pile length or a minimum length of 10 feet below 
the ground. There shall be a minimum of four bars with closed ties (or 
equivalent spirals) of a minimum 1/4 inch diameter provided at 16-
longitudinal-bar-diameter maximum spacing with a maximum spacing of 4 
inches in the top 2 feet of the pile. Reinforcement detailing require
ments shall be in conformance with Sec. 11.8.2. 

7.4.4.2 Metal - Cased Concrete Piles 

Reinforcement requirements are the same as for uncased concrete piles. 

EXCEPTION: Sp Ira 1 we 1 ded meta 1-cas Ing of a thickness not 
1 es s than No. 14 gauge can be cons f de red as providing con
crete confinement equivalent to the closed ties or equivalent 
spirals required in an uncased concrete pile, provided that 
the meta 1 casing is adequate I y protected aga Inst poss f b 1 e 
deleterious action due to soil constituents, changing water 
levels, or other factors Indicated by boring records of site 
conditions. 

7.4.4.3 Concrete-Filled Pipe 

Minimum reinforcement 0.01 times the cross-sectional area of the pile 
concrete shall be provided in the top of the pile with a length equal 
to two times the required cap embecinent anchorage into the pile cap. 
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Sec. 7.4.4.4/Sec. 7.5.3 

7.4.4.4 Precast Concrete Piles 

Longitudinal reinforcement shall be provided for precast concrete piles 
with a minimum steel ratio of 0.01. Ties or equivalent spirals shall 
be provided at a maximum 16-bar-dfameter spacing with a maximum spacing 
of 4 Inches in the top 2 feet. Reinforcement shall be full length. 

7.4.4.5 Precast-Prestressed Piles 

The upper 2 feet of the pile shall have No. 3 ties minimum at not over 
4-inch spacing or equivalent spirals. The pile cap connection may be 
by means of dowels as requir~d in Sec. 7.4.4. Pile cap connection may 
bP. by means of developing pile reinforcing strand if a ductile connec
tion is provided. 

7.5 SEIS"IC PERFORttANCE CATEOORIES D AND E 

Foundations for buildings classified as Categories D and E shall 
conform to all of the requirements for Category C construction and to 
the additional requirements of this section. 

7.5.l Investigation 

The Regu 1 atory Agency may requ I re the submission of a written report 
that shall include, in addition to the requirements of Sec. 7.4.1, the 
determination of lateral pressures on basement and retaining ,walls due 
to earthquake motions. 

7.5.2 Foundation Ties 

Individual spread footings, unless founded directly on rock, as defined 
in Sec. 3 • 2. 1 • l , sha l l be interconnected by ti es. Ti es sha 11 conform 
to Sec. 7.4.3. 

7.5.3 Special PIie Requlrl!llleflts 

Piling shall be designed to withstand maximum imposed curvatures 
resulting from seismic forces for free-standing piles In loose granular 
sol ls and In Sol 1 Profile Types 53 and 54. Pf les subJec;:t to such 
deformation shall be designed and detailed in accordance with Sec. 10.7 
or Sec. 11 • 5 for a length equa 1 to 120 percent of the fl exura 1 1 ength 
(point of fixity to pile cap). 

76 



Sec. 7.5.3.l/Sec. 7.5.3.5 

7.5.3.1 Uncased Concrete Piles 

A minimum reinforcement ratio of 0.005 shal I be provided for uncased 
cast- i n-p 1 ace concrete pi I es, dr i 11 ed piers, or caissons in the top 
one-half of the pile length or a minimum length of 10 feet below 
ground. There sha I I be a mini mum of four bars with c 1 osed ti es or 
equivalent spirals provided at 8-longitudfnal-bar-diameter maximum 
spac i ng with a max f mum spacing of 3 inches in the top 4 feet of the 
pile. Ties shall be a minimum of No. 3 bars for up to 20-inch-diameter 
piles and No. 4 bars for piles of larger diameter. 

7.5.3.2 Hetal-Cased Concrete Piles 

Reinforcement requirements are the same as for uncased concrete piles. 

EXCEPTION: Spiral welded metal-casing of a thickness not 
less than No. 14 gauge can be considered as providing con
crete confinement equivalent to the closed ties or equivalent 
spirals required in an uncased concrete pile, provided that 
the meta I casing is adequate 1 y protected against poss i b 1 e 
deleterious action due to soil constituents, changing water 
levels, or other factors indicated by boring records of site 
conditions. 

7.5.3.3 Precast Concrete Piles 

Ti es in precast concrete pi 1 es sha 11 conform to the requirements of 
Chapter 11 for at least the top half of the pile. 

7.5.3.4 Precast - Prestressed Piles 

For the body of fully embedded foundation piling subjected to vertical 
loads only, or where the desfgn bending moment does not exceed 0.20 Hnb 
(where Hnb is the unfactored ultimate moment capacity at balanced 
strain conditions as defined fn Reference 11.1, Sec. 10.3.2), spiral 
reinforcing shall be provided such that Ps ~ 0.006. Pile cap conner
tion shall not be made by developing exposed strand. 

7.5.3.5 Steel Pi I es 

The connection between the pile cap and steel piles or unfilled steel 
pipe piles shal I be designed for a tensile force equal to 10 percent of 
the pile c<Jn1)resslon capacity. 
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Chapter 8 

ARCHITECTURAL, t£CHANICAL, AND ELECTRICAL cottPONENTS ANO SYSTEttS 

8.1 GENERAL REQUIREttENTS 

The requirements of this chapter es tab 1 i sh min 1 mum design 1 eve 1 s for 
architectural, mechanical, and electrical systems and components recog
nizing occupancy use, occupant load, need for operational continuity, 
and the interrelation of structural and architectural, mechanical, and 
electrical components. All architectural, mechanical, and electrical 
systems and components in buildings and portions thereof shall be 
designed and constructed to resist seismic forces determined in accor
dance with this chapter. 

EXCEPTIONS: 

1. Those systems or components des f gnated in Tab 1 e 8-2 or 
8-3 for performance character i st I c 1 eve l L that are in 
bui I dings assigned to Seismic Hazard Exposure Group I 
which are located in areas with a value of Av less than 
0.15 or that are in buildings assigned to Seismic Hazard 
Exposure Group 11 which are 1 ocated in areas with a a 
value of Av less than 0.05 are not subject to the provi
sions of this chapter. 

2. Elevator systems that are In buildings assigned to Sels
m i c Hazard Exposure Group I wh i ch are 1 ocated i n areas 
with a value of Av less than 0.15 or that are in build
ings assigned to Seismic Hazard Exposure Group II and are 
located in areas with a value of Av less than 0.05 are 
not subject to the provisions of this chapter. 

Seismic Hazard Exposure Groups are determined in Sec. 1.4. Mixed Occu
pancy requirements are provided in that section. 

The se I sm I c force on any component sha 11 be app l i ed at the center of 
gravity of the component and shall be assumed to act in any horizontal 
d I rect I on. For vert I ca 1 forces on mechan ica 1 and el ectr i ca 1 compo
nents, see Table 8-3, Footnote b. 
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Sec. 8.1.1/Sec. 8.1.3 (Table 8-1> 

8.1.1 Interrelationship of Collponents 

The interrelationship of systems or components and thefr effect on each 
other sha l l be considered so that the fa i lure of an arch I tectura 1 , 
mechanical, or electrical system or component of one performance level 
shall not cause an architectural, mechanical, or electrical system or 
component of a higher level to fail in its performance requirements. 

The effect on the response of the structural system and deformational 
compatibility of architectural, electrical, and mechanical systems or 
components shall be considered where there is interaction of these sys
tems or components with the structural system. 

8.1.2 Attachlents 

Arch i tectura 1 , e 1 ectr i cal , and mechan i ca I systems and components re
qui red to be designed to res I st seismic forces sha l l be attached so 
that the forces are ult f mate l y transferred to the structure of the 
bu i 1 d Ing. The attachment sha 11 be designed to resist the prescr I bed 
forces. 

Friction due to gravity shall not be considered in evaluating ~he re
quired resistance to seismic forces. 

The Design Documents shall include sufficient information relating to 
the attachments to verify comp! iance with the requirements of this 
chapter. 

8.1.3 Perfonaance Criteria 

The performance criteria for architectural, mechanical, and electrical 
cOffl)Onents and systems are listed in Table 8-1 for use in Eq. 8-1 and 
8-2 and Tables 8-2 and 8-3. 

TABLE 8-1 
Perforaance Criteria 

Performance 
Characteristic Level 

Superior (5) 
Good (G) 
Low (L) 
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8.2 

8.2.l 

ARCHITECTURAL DESIGN REQUIREt£NTS 

General 

Sec. 8.2/Sec. 8.2.2 

Systems or components listed in Table 8-2 and their attachments shall 
be designed and deta i led f n accordance with the requirements of this 
chapter. The designs or er i ter i a for systems or components sha 11 be 
included as part of the design documents. 

8.2.2 Forces 

Arch i tectura 1 systems and COfl1)onents and the Ir attachments sha 11 be 
designed to resist seismic forces determined as follows: 

where 

(8-1) 

F P = the seismic force app 1 i ed to a component of a 
building or equipment at its center of gravity, 

Av= the seismic coefficient representing the Effec
tive Peak Ve 1 oc I ty-Re lated Acee I erat ion as 
determined in Sec. 1.4, 

Cc= the seismic coefficient for components of archi
tectural systems as given in Table 8-2 (dimen
sionless), 

P = Performance criteria factor as given in Table 
8-1 (dimensionless), and 

We = the weight of a component of a building or 
equipment. 

The force, Fp, shall be applied independently vertically, longitudinal
ly, and laterally In combination with the static load of the element. 

EXCEPTIONS: When positive and negative wind loads exceed Fp 
for nonbear i ng exterior wa 1 l s, these loads sha 1 1 govern the 
design. Similarly, when the Code horizontal loads exceed Fp 
for interior partitions, these loads shall govern the design. 
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Sec. 8.2.2 {Table 8- 2) 

TABLE 8-2 
Seismic Coefficient <Cc> and Performance Characteristic Levels 

Required for Architectural Systems or Conlponents 
(see Table 8-1 for s. G. and L designations) 

Cc 

Seismic Hazard 
Exposure Group 
Required Performance 
Characteristic Levels 

Architectural Components Factor Ill 11 

Appendages 
Exterior nonbearlng walls 
Wa I I attachments 

Connector fasteners 
Veneer attachments 
Roofing units 
Containers and miscellaneous 

components (free standing) 

Partitions 

0.9 
3.0 
6.0 
3.0 
0.6 

I. 5 

Stairs and shafts 1.5 
Elevator shafts 1.5 
Vertical shafts 0.9 
Horizontal exits Including ceilings 0.9 
Public corridors 0.9 
Private corridors 0.6 
Full-height area separation partitions 0.9 
Full-height other partitions 0.6 
Partial-height partitions 0.6 

Structural fireproofing 0.9 

Ceilings 
Fire-rated membrane 0.9 
Nonfire-rated membrane 0.6 

Raised access floors 2.0 

Architectural equipment--
celling, wall, or floor mounted 0.9 
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TABLE 8-2 Continued 

Cc 

Sec. 8.2.2 (Table 8- 2) 

Seismic Hazard 
Exposure Group 
Required Performance 
Characteristic Levels 

Architectural Components Factor Ill 11 

Architectural COfll)C)nents--
elevator and hoistway structural systems 

Structural frame providing supports 
for guide rail brackets 

Guide rails and brackets 
Car and counterweight guiding members 

NR = not required. 

1.25 
1.25 
t.25 

5 
5 
s 

G 
G 
G 

G 
G 
G 

aHay be reduced one performance level ff the area facing the 
exterior wall is normally inaccessible for a distance of 10 feet plus l 
foot of each floor of height. 

bHay be reduced one performance 1 eve 1 if the area facing the 
exterior wa l l is normal 1 y i naccess i b 1 e for a di stance of IO feet and 
the building is only one story. 

csha 11 be ra i sed one performance 1 eve 1 If the bu I 1 ding I s more 
than four stories of 40 feet in height. 

dsha 11 be ra I sed one performance 1 eve 1 if the area facing the 
exterior wall Is normally accessible within a distance of 10 feet plus 
1 foot for each floor height. 

eHay be reduced to NR · if the bu 11 d Ing Is 1 ess than 40 feet In 
height. 

fshall be raised one performance level for an occupancy containing 
flanrnable gases, liquids, or dust. 
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Sec. 8 . 2.3/Sec. 8.3.l 

8.2.3 Exterior Wa 11 Pane 1 Attactnent 

Attachment of exterior wal 1 panels to the building seismic resisting 
system shall have sufficient ductility and provide rotational capacity 
needed to acconrnodate the design story drift as determined in Sec. 
4. 6. 1. 

8.2.-4 Colllponent Oefomation 

Provisions shall be made in the architectural system or component for 
the design story drift A as determined in Sec. 4.6.1. Provision shall 
be made for vert i ca 1 def 1 ect ion due to jo i nt rotation of cant i 1 ever 
members. 

8.2.5 

EXCEPTION: Components assigned an L performance factor in 
Table 8-2 may provide for a design story drift of A/2. 

Out-of-Plane Bending 

Transverse or out-of-p 1 ane bend Ing or deformat I on of a component or 
system that is subjected to forces as determined in Eq. 8-1 shall not 
exceed the deflection capability of the component or system. 

8.2.6 Raised Access Floors 

Allowance shall be included for the weight of raised floor and equip
ment to be mounted on the floor. 

8.3 

8.3.l 

NECHANICAL AND ELECTRICAL DESIGN REQUIREttENTS 

General 

Systems or components listed In Table 8-3 and their attachments shall 
be des I gned and deta f 1 ed f n accordance w I th the requ I rement s of th i s 
chapter. The designs or er i ter I a for systems or components sha 11 be 
included as part of the Design Documents. 

An ana 1 ys f s of a cC>fll)Onent support f ng mechan Ism based on estab 1 i shed 
principles of structural dynamics may be performed to Justify reducing 
the forces determined in Sec. 8.3.2. 

Combined states of stress, such as tension and shear in anchor bolts, 
shall be investigated in accordance with established principles of me
chanics. 
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Sec. 8,3.l (Table 8-3) 

TABLE 8-3 
SeiS111ic Coefficient <Cc> and Perfonnance Characteristic Levels 

,Required for ttechanlcal and Electrical Collponeflts 
(see Table 8-1 for s, G, and L Designations) 

Mechanical/Electrical Componentsa 

Emergency electrical systems 
(code required) 

Fire and smoke detection system 
(code required) 

Fire suppression systems 
(code required) 

Life safety system c~nents 

Elevator machinery and controller 
anchorage 

Boilers, furnaces, incinerators, water 
heaters, and other equipment using 
combustible energy sources or 
high-temperature energy sources, 
chimneys, flues, smokestacks and vents 

Communication systems 
Electrical bus ducts and primary cable 

systems 
Electrical motor control centers, rootor 

control devices, switchgear, 
transformers, and unit substatfons 

Reciprocating or rotating equipment 
Tanks, heat exchangers, and pressure 

vessels 
Utility and service Interfaces 

Machinery (manufacturing and process) 

Lighting fixtures 

Ducts and piping distribution systems 
Resiliently supported 
Rigidly supported 
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Cc 

Seismic Hazard 
Exposure Group 
Required Performance 
Characteristic Levels 

Factor III I I 

2.00 

1.25 

2.00 

0.67 

2.00 
0.67d 
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G 
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G 

L 
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Sec. 8.3.l (Table 8-3) 

TABLE 8-3 Continued 

Cc 

Seismic Hazard 
Exposure Group 
Required Performance 
Characteristic Levels 

Mechanical/Electrical Componentsa Factor Ill 11 

Electrical panelboards and dinrners 

Conveyor systems (nonpersonnel) 

NR = not required. 

0.67 

0.67 

s 

s 

G 

NR 

NR 

NR 

awhere mechan i ca I or el ectr i ca I components are not specif i ca 11 y 
listed fn Table 8-3, the designer shall select a similarly listed 
component, subject to the approva 1 of the authority having j ur i sd i c
t ion, and shall base the design on the performance and Cc values for 
the similar component. 

bee values listed are for horizontal forces. Cc values for ver
tical forces shall be taken as one-third of the horizontal values. 

cHang i ng- or swinging-type fixtures sha l l use a Cc va I ue of l . 5 
and shall have a safety cable attached to the structure and the fixture 
at each support po f nt capab 1 e of supporting four ti mes the vert I ca 1 
load. 

dsetsmlc restraints may be omitted from the fol lowing instal la
t ions: 

(l) Gas piping less than 1 inch inside diameter, 
(2) Piping In boiler and mechanical rooms less than 1-1/4 inches 

inside diameter, 
(3) All other piping less than 2-1/2 inches inside diameter, 
(4) All electrical conduit less than 2-1/2 inches inside di

ameter, 
(5) All rectangular air-handling ducts less than 6 square feet in 

cross-sectional area, 
(6) All round air-handling ducts less than 28 Inches in diameter, 
(7) Al I piping suspended by individual hangers 12 Inches or less 

fn length from the top of the pipe to the bottom of the sup
port for the hanger, and 

( 8) Al I ducts suspended by hangers 12 inches or 1 ess in I ength 
from the top of the duct to the bottom of the support for the 
hanger. 
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Sec. 8.3.2 

8.3.2 Forces 

Meehan i ca 1 and e 1 ectr I ca 1 components and their attachments sha 11 be 
designed for seismic forces determined as follows: 

Fp = AvCcPacaxWc, (8-2) 

where fp• Av, P, and We are as defined fn Sec. 8.2.2 and 

Cc = the se i sm i c coef f I c f ent for components of mech
an i ca 1 or electrical systems as given In Table 
8-3 (dimensionless; 

ac = the amplification factor related to the response 
of a system or component as affected by the type 
of attachment, determined below; and 

ax = the amp 11 ff cation factor at 1 eve 1 x re 1 ated to 
the variation of the response in height of the 
buf ldf ng. 

The amplification factor, ax, shall be determined as follows: 

where 

ax= 1.0 + Chx/hn>, 

hx = the height above the base to level x, and 

hn = the height above the base to level n. 

(8-3) 

The attachment amp 1 I f1 cation factor, 
lows: 

sha 1 1 be determ i ned as f o 1 -

For fixed or direct 
attachment to buildings 

for resilient mounting system 

With seismic activated 
restraining device 

With elastic restraining device 

If Tc/T < 0.6 or Tc/T > 1.4 

If Tc/T • 0.6 or, 1.4 

lsee Chapter 8 Coomentary. 
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Sec. 8.3.2/Sec. 8.3.3 

If mounted on the ground 
or on a slab in direct 
contact with the ground 

The value of the fundamental period, T, shall be the value used in the 
design of the building as determined in accordance with Sec. 4.2.2 or 
5.4. 

The fundamental period of the c~nent and Its attachment, Tc, shall 
be determined as follows: 

Tc= 0,32 ✓wc/K, (8-4) 

where K Is the stiffness of the equipment support attachment determined 
in terms of load per unit deflection of the center of gravity (lb/in.) 
as fol lows: 

For stable resfllent attachments, 

K = spring constant. 

For other resilient attachments, 

K = slope of the load/deflection curve at the point 
of loading. 

In lieu of Eq. 8-4, properly substantiated values for Tc derived using 
experimental data or any generally accepted analytical procedure may be 
used. 

8.3.3 Attact.ent Design 

Fixed or direct attachments shall be designed for the forces determined 
in Sec. 8.3.2 and In conformance with Chapters 9, 10, 11, or 12 for the 
materials comprising the attachment. 

Res 11 i ent mount Ing dev t.ces sha l l be of the stab 1 e type. Restraining 
devices shall be provided to limit the horizontal and vertical motion, 
to inhibit the forces from forcing the resilient mounting system into 
resonance, and to prevent overturning. Elastic restraining devices 
shall be designed based upon the forces obtained from Eq. 8-2 or in 
accordance with the dynamic properties of the component and the struc
ture to wh i ch ft is attached. Horizontal and vert i ca 1 e 1 ast i c re
straining devices shall be designed to decelerate the component or 
system on contact at a rate that will not generate forces in excess of 
those calculated from Eq. 8-2. 
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Sec. 8.3.4/Se c. 8. 4.l 

8.3 . .4 Cc:,qx,nent Design 

When the direct attachment method is to be used for components with 
performance characteristic level S or G in areas w I th a va 1 ue of Av 
greater than or equal to 0.15, the designer shall require certification 
from the manufacturer that the components will not sustain damage if 
subjected to forces equivalent to those resulting from Eq. 8-2. 

When res i l i ent mount Ing systems are used for components with perfor
mance criteria levels Sor G, both the mounting systems and the compo
nents shall require the certification stated above. Such systems shall 
be of the stable type. 

Testing and certification shall be in accordance with the requirements 
of Sec . 1 . 6. 3 . 

8.3.5 

8.3.5.l 

utility and Service Interfaces 

Shutoff Devices 

The ut i l I ty or service Interface of a 1 l gas, high-temperature energy 
and e 1 ectr i ca 1 supply to bui 1 dings housing Seismic Hazard Exposure 
Groups 11 and Ill and located in areas having a value of Av equal or 
exceeding 0.15 shall be provided with shutoff devices located at the 
bui ldlng side of the interface. Such shutoff devices shall be ac
tivated either by a failure within a system being supplied or by a 
mechanism that will operate when the ground motion exceeds 0.5 A8 . 

8.3.5.2 Utility Connections 

Flexible connections for utl l lties shal 1 be provided for al 1 Seismic 
Hazard Exposure Groups at the interface of movable portions of the 
structure to acconmodate anticipated displacement. 

8 . .4 

8 . .4.l 

ELEVATOR DESIGN REQUIREttENTS 

Reference Doaaent 

The design and construction of elevators and components shall conform 
to the requirements of ANSI/ASHE Al?.1-1987, American National Standard 
Safety Code for Elevators and Escalators, including Appendix F, Recom
mended Elevator Safety Requirements for Seismic Risk Zone 3 or Greater, 
except as modified by provisions of thfs chapter. 
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Sec. 8.4.2/Sec. 8.4.4 

8.4.2 Elevators and Holstway Structural System 

Elevators and hoistway structural systems shall be designed to resist 
seismic forces In accordance with Eq. 8-1 and Table 8-2. 

We is defined as follows: 

where 

Element= We, 

Traction Car= C + 0.4 L, 

Counterweight = W, and 

Hydrau 1 i c = C + 0.4 L + 0.25 

C = the weight of the car, 

L = rated capacity, 

P, 

W = the weight of counterweight, and 

P = the weight of plunger. 

8.4.3 Elevator ttachfnery and Controller Anchorage(s) 

E 1 evator machinery and contro 11 er anchorages sha 11 be designed to 
resist seismic forces In accordance with Eq. 8-2 and Table 8-3. 

8.4.4 Seismic Controls 

A 11 e 1 evators w I th a speed of 150 fpm or greater sha 11 be furn !shed 
with the following signaling devices: 

1. A seismic switch device to provide an electrical alert or 
command for the safe automatic emergency ope rat I on of the 
elevator system, and 

2. A counterweight di sp 1 acement or dera i 1 ment dev Ice to detect 
lateral motion of the counterweight. 

A continuous signal from (2) or a combination of signals from (1) and 
(2) will initiate automatic emergency shutdown of the elevator system. 
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Sec. 8.4 . 5/Sec. 8.4.6 

8.4.5 Retatner Plates 

Retainer plates are required at the top and bottom of the car and coun
terweight except where safety stopping devices are provided. The depth 
of engagement with the ra i 1 sha 11 not be 1 ess than the side runn Ing 
face of the rail. 

8.4.6 Deflection Criteria 

The maximum deflect ion of guide rat Is, Inc 1 udi ng supports, sha 11 be 
I i m f ted to prevent tota 1 d I sengagement of the gu Id i ng members of re
tainer plates from the guide rails' contact surface. 
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Chapter 9 

9.1 REFERENCE DOCUHENTS 

The qua l i ty, testing, design, and construction of members and their 
fastenings in wood systems that re -sist seismic forces shal I conform to 
the requirements of the reference documents listed in this section 
except as modified by the provisions of this chapter. 

Ref. 9. 1 

Ref. 9.2 

Ref. 9.3 

Ref. 9.4 

Ref. 9.5 

Ref. 9.6 

Ref. 9.7 

Ref. 9.8 

National Design Specification 
for Stress Grade Lunber and Its 
Fastenings 

American Softwood Lumber Standard 

Hethods for Establishing Structural 
Grades and Related Allowable 
Properties for Visually Graded 
Lumber 

Hethods for Establishing Clear 
Wood Strength Values 

Softwood Plywood - Construction 
and Industrial 

Hat Formed Wood Particle Board 

Preservative Treatment by 
Pressure Process 

Pressure Treatment of Timber 

American National Standard for 
Wood Products--Structural Glued 
Laminated Timber 
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NOS ( 1986) 

PS 20- 70 ( 1986) 

ASTH D245 (1986) 

ASTH D2555 
(l 981) 

PS 1-83 ( 1983) 

ANSI A208.1 
(1979) 

AWPA C 1 ( 1 987) , 
C2 (1987), C3 (1987), 
C9 ( 1985), and C29 
( 1982) 

ASTH 01760-86a 

ANSI/AITC A190.1 
( 1983) 
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Sec. 9.1/Sec. 9.2 

Ref. 9.9 Design and Manufacturing Standard AITC 117 (1987) 
Specification for Structural Glued 
Laminated Timber of Softwood Species 

Ref. 9. 1 O 

Ref. 9. 11 

Ref. 9.12 

Wood Poles ANSI 05.1 (1987) 

Round Timber Piles ASTH 025 (1986) 

One- and Two-family Dwelling Code 

International Conference of 1983 
Building Officials 

Building Officials and Code 
Administrators 1983 

Southern Building Code Congress 1983 

Ref. 9. 13 

Ref. 9. 14 

Ref. 9. 15 

Ref. 9. 16 

Gypsum Wallboard 

Fiberboard Nall-Base Sheathing 

Plywood Design Specifications 

Diaphragns 

ASTH C36-64 (1980) 

ASTH 02277-87 (1987) 

APA (1986) 

APA ( 1987) 

9.2 STRENGTH OF ttEttBERS AND CONNECTIONS 

The strength of members and connections subjected to seismic forces 
acting along or fn combination with other prescribed loads shal I be 
determined using a capacity reduction factor • and 2.0 times the 
working stresses permitted in the reference documents and in this 
chapter. 

The value of the capacity reduction factor, •, shall be as follows: 

All stresses in wood members 

Bolts and other timber connectors 
not 1 i sted be low 

Shear on carriage bolts not having 
washers under the head 

Lag screws and wpoo screws 

Shear on diaphragms and shear walls 
as given In this chapter 
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9.3 

Sec. 9.3/Sec. 9.5.l 

SEIS"IC PERFORttANCE CATEOORIES A ANO B 

Buildings assigned to Category A or B may be constructed using any of 
the materials and procedures permitted in the reference documents and 
this chapter except as limited In this section. 

9.3.l Bracing Requirements 

A 11 wood frame buildings three stories in height shal 1 have sol id 
sheathing of one of the materials specified in Sec. 9.7.3 applied for 
the fu 11 height over not 1 ess than 25 percent of the 1 ength of each 
exterior wall in the first story. 

9.4 SEIS"IC PERFORttANCE CATEOORY C 

Buildings assigned to Category C shall conform to all of the require
ments for Categories A and Band to the additional requirements of this 
section. 

9.4.l Detailing Requirements 

The construction shall comply with the requirements given below. 

9.4.1.1 Anchorage of Concrete or Masonry Walls 

The diaphragm sheathing shal 1 not be used for providing ties and 
splices required In Sec. 3.7.5 and 3.7.6. 

9.4. 1.2 Lag Screws 

Washers sha 11 be provided under the heads of 1 ag screws that wou 1 d 
otherwise bear on wood. 

9.5 SEIS"IC PERFORttANCE CATEOORY D 

Buildings assigned to Category D shall conform to all the requirements 
for Category C and to the add it i ona 1 requirements and 1 imitations of 
this section. 

9.5.1 ttatertal Li• ftatfons 

The limitations on materials used in Category D construction are given 
below. 
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Sec. 9.5.l/Sec. 9.5.3 

Where plywood is used structurally as covering on the extertor of 
outside walls, it shall be of the exterior type. Where used elsewhere 
structurally, it shall be bonded by intermediate or exterior glue. 

9.5.2 framing Syste111S 

The limitations on framing systems that may be used in Category Dare 
given below. 

9.5.2.1 Diaphragms 

Wood diaphragms shall not be used to resist torsional forces induced by 
concrete or masonry construction in structures over two stories in 
height. 

9.5.2.2 Shear Wal ls 

The use of walls sheathed with gypsum sheathing, particle board, gypsum 
wall board, or wire lath and cement plaster as shear walls for re
sisting seismic forces shall be limited to one-story buildings or the 
top story of buildings two stories or more in height. Fiberboard 
sheathed shear walls shall not be used as part of the seismic force re
sisting system. 

9.5.2.3 Conventional Light Frame Const r uction 

Bui 1 dings over one story in height of convent i ona 1 l I ght frame con
struction shall have solid sheathing of one of the materials specified 
in Sec. 9.7.3.1 or 9.7.3.2 applied for the full height over at least 40 
percent of the length of the bu i 1 ding at each exter I or wa l l of the 
stories below the top story. 

9.5.3 Detailing Requirements 

Special details for Category O construction are given below. 

Common wire nails driven parallel to the grain of the wood shall not be 
used to resist loads greater than 50 percent of working stress values 
permitted in Ref. 9.1 for normal duration of loading for nails driven 
perpendicular to the grain. 

Connections using multiple nails driven perpendicular to the grain and 
used to res I st I oads in withdrawal sha l l use the capacity reduct I on 
factors gtven for lag screws and wood screws. 
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Sec. 9.6/Sec. 9.7.l 

9.6 SEIS"IC PERFORttANCE CATEOORY E 

Buildings assigned to Category E construction shall conform to all of 
the requirements for Category D and to the additional requirements and 
limitations of this section. 

9.6.1 t1aterial Limitations 

Wal ls sheathed with gypsum sheathing, particle board, gypsum wal I 
board, fiberboard, or wire lath and cement plaster shall not be used as 
part of the seismic resisting system. 

9.6.2 Framing Systan 

Unblocked plywood diaphragms shall not be used as part of the seismic 
resisting system. 

9.6.3 Otaphrac,1 Limitations 

Plywood used for shear panels that are a part of the seismic resisting 
system shal 1 be appl fed directly to the framing members, 'except that 
plywood may be used as a diaphragm when nailed over solid lumber plank
ing or laminated decks. The allowable working stress shear for ver
tical plywood shear walls used to resist horizontal forces in buildings 
with masonry or reinforced concrete wa 11 s sha 11 be one-ha 1 f of the 
allowable values set forth in Table 9-2. 

9.7 CX>NVENT JONAL LIGHT Tl ltBER CX>NSTRUCTJ~ 

Wood frame buildings that require no engineering analysis of the seis
mic loading effects, In accordance with Sec. 1.3.1, shall be subject to 
the des I gn regu 1 at f ons enforced by the Regu 1 atory Agency for genera 1 
wood frame and 1 i ght frame construction except as modi ff ed by the 
provisions of this section.· 

9.7.1 Wal 1 Fraaing and Connections 

The fo 11 owl ng wa 11 framl ng and connection deta i 1 s sha 11 app 1 y as a 
minimum. 
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Sec . 9. 7.l. l /Sec . 9.7.3 . l 

9.7.1.1 Anchor Bolts 

foundation si 11 anchor bolts at least 1/2 inch in diameter shall be 
prov I ded at not over 4 feet on center. Anchor bo 1 ts sha 11 have a 
minimum enbedment of 7 diameters. 

9.7.1.2 Top Plates 

Stud walls shall be capped with double-top plates Installed to provide 
overlapping at corners and intersections. End joints in double-top 
plates shall be offset at least 48 inches. 

9.7.1.3 Bottom Plates 

Studs shall have full bearing on a plate or sf 11 of not less than 2 
Inch nominal thickness and having a width at least equal to the width 
of the studs. 

9.7.2 Wall Sheathing Requirements 

A 11 exterior wa 11 s and mal n interior part ft ions sha 11 be effect Ivel y 
and thorough 1 y braced by one of the types of sheathing des er i bed in 
Sec. 9.7.3 at each end of the wall or partition, or as near thereto as 
possible, and at not over 25-foot Intervals between the ends. To be 
cons I dered effective as brae i ng, the sheathing sha 11 be at I east 48 
inches in width covering three 16-inch stud spaces or two 24-inch stud 
spaces. All vertical joints of panel sheathing shall occur over studs 
and all horizontal joints shall occur over blocking at least equal in 
size to the studs. All framing in connection with sheathing used for 
btaclng shall be not less than 2 inch nominal thickness. 

Hlnimum nailing shall be as given in Tables 9-1 through 9-4. Nailing 
for diagonal boards shal 1 be as specified In Sec. 9.8.3. Minimum 
nailing for particle board shall be the same as given for fiberboard in 
Table 9-3. . 

9.7.3 Acceptable Types of Nal 1 Sheathing 

Sheathing used for bracing shall conform to one of the following types 
of construction: 

9.7.3.1 Diagonal Boards 

Wood boards of 5/8 inch minimum net thickness appl led diagonally on 
studs spaced not over 24 inches on center. 
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Sec. 9.7.3 . 2/S ec . 9.8. 1 

9.7.3.2 PlYWood Panels 

Plywood panels with a thickness of not less than 5/16 Inch for 16-inch 
stud spacing and not 1 ess than 3/8 inch for 24- inch stud spacing. 
Blocking need not be provided at horizontal Joints. 

9.7.3.3 Fiberboard 

Fiberboard pane 1 s, 4-foot by 8-foot pane Is, not 1 ess than 7 / 16 inch 
thick applied with the long dimension vertical on studs spaced not over 
16 inches on center. 

9.7.3.-4 Gypsum Sheathing 

Gypsum panels not less than 1/2 inch nominal thickness on studs spaced 
not over 16 inches on center. 

9.7.3.5 Particleboard 

Part i c 1 eboard exterior sheathing pane 1 s Type 2-H- l grade, or better, 
not less than 3/8 inch thick on studs spaced not over 16 inches on 
center. 

9.7.3.6 Gypsum Wallboard 

Gypsum wallboard not less than 1/2 Inch thfck on studs spaced not over 
24 inches on center. 

9.8 ENGINEERED TlttBER CONSTRUCTION 

For bui I dings in which a seismic analysis ls required, the propor
tioning and design of wood systems, members, and connections shall be 
in accordance with the refer-ence documents and this section. 

9.8.1 Fn1111fng Requirements 

All wood columns and posts shall be framed to true end bearing. Sup
ports for columns and posts shall be designed to hold them securely in 
position and to provide protection against deterioration. Where post 
and beam or girder construction is used, positive connections shall be 
provided to resist uplift and lateral displacement. 
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.Sec. 9.8.2/Sec. 9.8.3 

9.8.2 Requirements for All Shear Panels 

Horizontal and vertical shear panels shall conform to the requirements 
in this section and to the requirements in the following section oer
ta i n i ng to the part I cu 1 ar type of pane 1 . The shear va 1 ues may be 
doubled when identical materials are applied to both sides of the wall. 

9.8.2.l Framing 

All framing members used in shear panel construction shall be at least 
2 inches -in nom i na 1 th f ckness. A 11 boundary members, chords, and 
collector members of shear walls and diaphragms shall be designed and 
deta i I ed to transmit the induced ax i a 1 forces. The boundary members 
shall be tied together at all corners. 

Openings in diaphragms and shear walls shall be designed and detailed 
to transfer all shearing stresses. Where the openings would materially 
affect the strength of the diaphragm or shear wall, they shall be shown 
and fully detailed on the approved plans. 

Connections and anchorages capable of resisting the prescribed forces 
shall be provided between the diaphragm or shear wall and the attached 
components. 

9.8.2.2 Torsion 

Buildings that have one side ~ithout shear walls shall meet the follow
ing requirements to accOITITIOdate the indicated torsion: The diaphragm 
shall be sheathed with diagonal boards or plywood. The depth of the 
diaphragm norma I to the open side sha 1 I not exceed 25 feet nor sha l I 
the ratio of depth to width exceed 1:1 for one-story buildings or 1:1.5 
for buildings over one story in height. Where calculations show that 
diaphragm deflections can be tolerated, the depth normal to the open 
side may be increased to a depth-to-width ratio not greater than 1,5:1 
for conventional diagonal sheathing or 2:1 for special diagonal sheath
ing or plywood diaphragms. See Sec. 3.7.9. 

9.8.3 Diagonally Sheathed Shear Panels 

Diagonal l y sheathed shear pane Is sha l I be constructed in accordance 
with the requirements of this section for either conventional or spe
cial construction. 
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Sec. 9.8.3.1/Sec. 9.8.4 

9.8.3.l Conventional Construction 

Such tumber shear panels sha l l be made up of 1 inch nominal sheathing 
boards I aid at an angle of approximately 45 degrees to supports. 
Sheath Ing boards sha l l be na i led to each Intermediate bearing member 
with not less than two 8d nails for 1 by 6 nominal boards and three 8d 
nails for 1 by 8 or wider boards. One additional nail shall be pro
vided in each board at shear pane I boundaries. Where box na i ls are 
used, one additional nail shall be used at each bearing and two addi
tional nails shall be used at shear panel boundaries. End joints In 
adjacent boards shall be separated by at least one stud or Joist space 
and there sha 11 be at least two boards between Joints on the same 
support. Wood shear panels made up of 2-inch-thick diagonal sheathing 
using 16d nails may be used at the same shear values and in the same 
locations as for 1-inch boards provided there are no splices in adja
cent boards on the same support and the supports are not less than 4 
inch nominal depth or 3 inch nominal thickness. 

The allowable working stress shear for conventional lumber shear panels 
is 200 pounds per lineal foot. 

9.8.3.2 Special Construction 

Special diagonally sheathed shear panels shall conform to conventional 
diagonally sheathed shear panel construction and the requirements 
below. 

Spec i a 1 d I agona l l y sheathed shear panels sha 1 l be sheathed with two 
1 ayers of di agona 1 sheathing at 90 · degrees to each other on the same 
face of the supporting members. Each chord shall be considered as a 
beam loaded with uniform load per foot equal to 50 percent of the unit 
shear due to diaphragm action. The load sha l l be assumed as acting 
normal to the chord in the plane of the diaphragm in either direction. 
The span of the chord or portion thereof shall be the distance between 
framing members of the diaphragm such as the Joists, studs, and block
Ing that serve to transfer the assumed load to the sheathing. 

Spec i a 1 di agona 11 y sheathed shear pane 1 s sha 11 include convent i ona 1 
shear panels sheathed with two layers of diagonal sheathing at 90 
degrees to each other on the same face of the supporting members. 
The allowable working stress shear for special diagonally sheathed 
shear panels is 600 pounds per lineal foot (plf). 

9.8.4 Plyl«>Od Shear Panels 

Horizontal and vertical shear panels sheathed with plywood may be used 
to resist shear due to earthquake forces based on the allowable working 
stress shear set forth in Table 9-1 for horizontal diaphragms and Table 
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Sec. 9.8.4/Sec. 9.8.S 

9-2 for shear wa 11 s or may be ca 1 cu I ated by pr inc i p 1 es of mechanics 
without limitation by using values of nail strength and plywood shear 
values specified elsewhere In the reference standards. 

9.8.4.l Framing 

Plywood shear panels shall be constructed with plywood sheets not less 
than 4 feet by 8 feet, except at boundaries and changes fn framing. 
Plywood sheets for diaphragms shall be arranged as Indicated in Table 
9-1. Framing members shall be provided at the edges of all sheets in 
shear walls. Plywood sheets shall be designed to resist shear stresses 
on 1 y, and chords, co 11 ector members, and boundary members sha 11 be 
provided to resist axial forces resulting from the application of the 
seismic design forces. Boundary members shall be adequately intercon
nected at corner intersections. 

Plywood panels less than 12 inches wide shall be blocked. 

9.8.4.2 Nai 1 i ng 

The nails and spacing of nails at shear panel boundaries and the edges 
of each sheet of p 1 ywood sha 11 be as shown in Tab 1 es 9-1 and 9-2. 
Nalls of the same size shall be placed along all Intermediate framing 
members at 10 inches on center for floors, 12 inches for roofs, and 12 
inches for walls, except that the spacing shall be 6 inches for walls 
of 3/8-inch plywood installed wfth the face grain para! lei to studs 

1 which are spaced 24 inches on center. 

9.8.5 Shear Panels Sheathed vfth Other ttaterfals 

Wood stud walls sheathed with lath and plaster, gypsum sheathing board, 
gypsum wall board, or fiberboard sheathing may be used to resist shear 
due to earthquake forces f n framed bu I 1 dings. The a I I owab 1 e working 
stress shear values are set forth In Tables 9-3 and 9-4. Use is re
stricted to certain buildings and categories as contained in this chap
ter. Nails shall be spaced at least 3/8 inch from the edges and ends 
of boards and panels. The maximum height-to-width ratio shal 1 be 
1.5: I. 

The shear values tabulated shall not be cumulative with the shear value 
of other materials applied to the same wall. 
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Sec, 9.8.6 

9.8.6 Detaflfng Requirements 

Concrete or masonry walls shall be anchored to all floors and roofs for 
the forces prescribed in Sec. 3.7.6. Such anchorage shall not be ac
complished by use of toe nails or nails subject to withdrawal and wood 
ledgers shall not be used in cross-grain bending or tension. 
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Panel 
Grade 

TABLE 9-1 
Allowable Shear in Pounds per Foot (at Working Stress) for 

Horizontal Plywood Oiaphragns with 
Framing "ellbers of Douglas Fir-Larch or Southern Pfnea for Seismic Loadingsb 

fastener 
NlnlllUI Specified 
Penetration Panel 

t·astener In fr•lng Thicknesses 
Type (In. I I in. J 

Nlni111.11 
Noalnal 
llldth of 
fra• ing 
Ne•ber lines of 
(in.I fasteners 

Blocked Dlaphrag11s I 
I 

Unblocked e 
Olaphragas 

:------------------------------------------------:-------------------
ifastener Spacing (In.) at Olaphrag• Boundaries :Fastener Spacing 
l(AII Cases), at Continuous Panel Edges Parallelclat 6 Inches at 
:to load {Cases 3 and 41, and at All Panel Edges :supparted Edges 
: 6 : 4 : 2-1/2 d l 2d --------------
:----------------------------- ---- ·---: : Cases 2, 
: Spacing (In.) per line at Other Panel Edges I Case : 3, 4, 
16 1 6 :4 14 :3 :112 I l5and6 

------------------------------------------------------------------ ------------) ---:------:------:--:-- -- --1------:-------:-·--------:----·---
STRUCTIJRAL I 6d coain 1-1/4 5/16 2 

3 
l 185 l 250 : --- I 375 : --- I 420 : --- : 165 125 
l 210 : 280 : --- : 420 : --- : 475 I --- I 185 uo 

--- -------------------. -- -------- --- ·---------------------:----:------:------:------:-·---:----:------:----- r------
8d coaon H /2 3/8 2 I 270 : 360 : --- : 530 l --- I 600 : --- : 240 I 180 

3 l 100 : 400 : --- I 600 : - l 675 I --- : 265 200 
---------------------- ----:-----:------:------:---:----·--:--------: . ----:------:---------

IOd COIIOn 1-5/8 15/32 2 : 320 : 425 : --- I 640 : - : 130 : --- I 285 215 
3 : 360 l 480 : --- I 720 : --- I 820 : --- I 320 240 

---·--·--- ------ ------------- -------------------·------:------:------:------:------:--·---: -·-----:----:---·-·---:---------
10d coaon H/8 23/32 3 2 : --- : 650 : 870 I 940 : 1230 : --- I --- I l 

4 2 : - I 755 : 980 : 1080 I 1410 : --- I --- I l 
4 3 I --- I 940 :1m 11375 11810 l --- I -- l I 

---------·------·------ ·-----------------------------·---:--. ·-:------: ------: -·-·----:---: ------1-----:---·---:---------
l 4 gauge 2 23/32 3 2 I --- I 600 l 600 : e•o I 900 11040 ll200 : I 
staples 4 3 l --- I 840 : 900 l 1140 I mo I 1440 l 1800 I I 

: : : : I f ~ : : 
--------------------------------------------------------------:-----:------:------:-----:------:------:----:------:--------
c-o, C-C 6d coaon 1-1/4 5/16 2 : 170 : 225 : --- ! 335 : -- l 380 I --- : 150 110 
STRUCTURU 11 3 I 109 l 250 : --- I 380 I -- I 430 : --- I 170 125 
and ottier 
5111 far Gradts 

----- ·---------- ... ----- -- -·---: ----- -: ------: ------1--.- --:-----:------:---:---: ------
3/8 2 : 185 : 2so : --- : 375 : -- : 420 : --- I 165 I 125 

3 l 21 o l 280 : --- I 420 I -- l HS I --- : 185 I 140 __ , _____________________________ _ 
--------- ·--:------1------:------:----:------:------:----:---·------:------- · 

8d coaon H/2 3/8 2 
l 

I 240 I 320 : --- : 480 : --- : 545 : -- : 215 160 
: 210 : 360 : --- : s•o : --- : 610 : --- : 2•0 180 

---·-------------------------·---·----:------:------:------:------:-------:----;--•-----:--------1---------
7 /16 2 I 255 I Ho : --- l sos I --- / 575 I - : 230 l 170 

3 : 285 : 380 : --- I s10 : --- : us I --- : 255 I 190 
------------------------------:------:------:------i-----r-------:------:-----:---------:---------
15/32 2 1 210 : 360 I 530 I --- l 600 l --- 240 I 180 

3 I 300 I 400 : --- I 600 --- : 675 : --- : 265 / 200 



0 
u, 

c-o, c-c I0d coain 1-5/8 15/32 2 
3 

l 290 l 385 : -- : 575 l -- : 655 
: 325 : 438 l --- : 650 : -- - : 735 STRUCTURAL II 

and other ---------·-·-·-·---------------- -----:-- ---: ·-----:------: -------:------;-----
Si• I lar Grades 19/32 2 : 320 : 425 l --- I 640 : -- l 130 

3 l 360 : 480 l --- l 120 l --- l 820 
-·------ --------- ------- ------:------:---- ---:- ---:------:-----:------
23/32 3 2 : l 645 : 870 I 935 l 1225 

4 2 l --- l 750 l 980 l 1075 l 1395 l ---
4 3 l --- l 935 l l305 l 1390 l 1510 l -

----------- ---------- ------------- ------------------------------:-- . :------:------:------:-----:------
14 gauge 2 23/32 3 2 l 600 600 : 820 : 900 : 1020 
staples 4 3 : --- I 820 : 900 : 1120 : 1350 : 1400 

aAllowable shear values for fasteners in framing members of other species set for 
Ref. 9.1 shall be calculated for all grades by multiplying the values for fasteners in 
following factors: Group Ill, 0.82, and Group IV, 0.65. 

bspace nails along intermediate framing members at 10 inch centers for floors and 
.roofs except where spans ar_e greater than 32 Inches, space na I Is at 6 Inch centers. 

CHaxlmum shear for Cases 3, 4, 5, and 6 is limited to 1200 paunds per foot. 

. I 

I ---- ' 255 I 190 I I I 
I --- I 290 I 215 I I I 

• -------. ----------· ------·---I I I 
I --- ' 285 ' 215 I ' I 

I --- I 320 I 240 I I I 

;------:- · ------•----I 

I --- I -- I --I ' I 
I -- ' --- I ---I I I 

' --- ' --- I ----I I I 

:------:-------- ,-:--------
:1200 ' --- ' ---I I 

l 1510 ' - I ---I ' 
th In Table 8. IA of 
STRUCTURAL I by the 

12 inch centers for 

at adjoining panel dfor values listed for 2 inch nominal framing member width, the framing members 
edges shall be 3 Inch nominal width. Nails at panel edges shall be placed In two I Ines at these loca-
tions. 

here I Inch by 3/8 
Inch 

ea1ocked values may be used for 1-1/8 inch panels with tongue-and-groove edges w 
inch crown by No. 16 gauge staples are driven through the tongue-and-groove edges 3/8 
edge so as to penetrate the tongue. Staples shall be spaced at one half the bounda 

from the panel 
ry nal l spacing for 

Cases I and 2 and at one third the boundary nail spacing for Cases 3 through 6. 

CAil 1 

NOTE: Fr-aa1ng •Y bl loCltN In ettlllr 

direction for blocked d11pnr1;1111. 

CASE 4 

CASE Z 

CASE 5 

lloc-1119 
tf UIN 

Dl1pl11••• loun4iry 
Fr-•ln9 

Load ! ! ! 8locttn9 

-.. . 
,. 
I '-= 

/ I 
I.. Continuous ,,nel Jot nu 

CAil J 

CASE 6 

LoM!ll 
... -- - .... 

- - -- - - -1-ff (- - -
\eont1-• ,, ... 1 Jotntl 

Load! l l F,_.119 
I ,llockt119 

-~ • .. 
r--
'~ 

.. 1-

I "'-... 
\.eonu-, ,_1 Jotnts 
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Table 9-2 

TABLE 9-2 
Al 10"81ble Shear for Wind or Se1sm1c Forces In Pow1ds per Foot 

for Plyl«>Od Shear Walls 
vtth Fra1tng of Douglas Fir-Larch or Southern Plnea 

Plywood Appl led 
Penetra- Plywood Applied 

b Over I /Z-1 nch 
tfon in Plywood Direct to Fraaing Gypsu• Sheathing b 

Plywood Nall Fraafng Thickness ---------------------- Nall --------------- ----
Grade Size ( inches) (inches) 6 ' 3 2 C Size 6 ' 3 z C 

================================================================================================== 

Structural I 6d d 1-11, 5/16 zoo 300 390 510 8d d 200 300 390 510 

8d d 
e e e e d C 

1-1/Z 3/8 230 360 ,60 610 IOd 280 '30 550 730 

8d d 1-1/2 15/32 280 ,10 550 730 IOd d 280 ,30 
C 

550 730 

lOd d 1-5/8 15/32 1,0 510 665 C 870 

6d d 
d 

c-o, c-c 1-11, 5/16 180 270 350 ,so 8d 180 270 350 ,so 
Structural II 

6d d 8d d and Other 1-11, 3/8 200 300 390 510 zoo 300 390 510 
Grades Covered 

8d d 2201 320 1 '1 o 1 5301 IOd d ,go·c 6,o in PS 1-83 1-1/2 3/8 260 380 

8d d 
d ,go C 640 H/2 15/32 260 380 ,go 640 lOd 260 380 

IOd d l-~/8 15/32 . 310 ,60 600c 770 

IOd d 1-5/8 19/32 1,0 510 665 C 870 

Plyvood Panel 6d f 1-1/4 5/16 1'0 210 275 360 8d f 1'0 210 275 360 
Siding in 

8d f 1301 e e e t 310c ,10 Grades Covered 1-1/2 3/8 200 260 3'8 lOd 160 2,0 
In PS 1-83 

aA 11 panel edges backed with 2-inch nominal or wider framing. 
Plywood Installed either horizontally or vertically. Space nails at 6 
inches on center along Intermediate framing members for 3/8-lnch ply
wood installed with face grain parallel to studs spaced 24 inches on 
center and 12 Inches on center for other conditions and plywood thick
nesses. Allowable shear values for nails in framing members of other 
species set forth in Ref. 9.1, Table 8.lA shall be calculated for all 
grades by multiplying the values for conmon and galvanized nails in 
Structural I and galvanized casing nails In other grades by the follow
ing factors: Group III, 0.82, and Group IV, 0.65. 

bNaf 1 spacing at plywood panel edges. 
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Table 9-2 

TABLE 9-2 Continued 

Cframi ng sha 11 be 3- inch nomf nal or wider and nai Is sha 11 be 
staggered where nails are spaced 2 inches on center and where 10d nails 
having penetration into framing of more than 1-5/8 inches are spaced 3 
Inches on center. 

dconvnon or galvanized box nails. 

erhe values for 3/8-lnch plywood applied directly to framing may 
be increased by 20 percent provided studs are spaced a maximum of 16 
inches on center or plywood Is applied with face grain across studs or 
if the plywood thickness is increased to 1/2 inch or greater. 

fGalvanized casing nails. 
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Table 9-3 

TABLE 9-3 
Allowable Working Stress Shears for Wind or Selsalc Loading 

on Vertical Shear Panels of Fiberboard Sheathing Boarda 

Size/Application 

1/2 in. by 4 ft by 8 ft 

25/32 In. by 4 ft by 8 ft 

Nall Size 

No. II ga. galv, roofing 
nal I 1-1/2 In. long, 7/16 
In. head 

No. 11 ga, galv. roofing 
nal I H/4 in. long, 7/16 
In. head 

Shear Value 3-lnch Nall Spacing 
Around Peri•eter and 6-lnch at 
lnter•edlate Points (plf) 

175 

BFfberboard sheathing diaphragms shall not be used to brace con
crete or masonry walls. 

bfhe shear value may be 175 plf for 1/2 inch by 4 foot by 8 foot 
flb~rboard classified as nail-based sheathing. 
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Tabl e 9-4 

TABLE 9-4 
Allowable Working Stress Shears for Shear Walls of Lath and Plaster, 
Gypsl.111 Sheathing Board, and Gypsun Wallboard ~Fraaed Assenblles 8 

Type of 
"aterial 

Thickness 
of 
"aterial 

Woven or velded vire 7/8 in. 
lath and portland 
ce•ent plaster 

Gypsu• lath, plain 
or perforated 

3/8 in. 
lath and 
1/2 in. 
plaster 

Wal I 
Construction 

Unblocked 

Unblocked 

Nai I 
Spacing b 
"axi•u• 

6 in. 

5 in. 

Shear 
Value 
(psf) "ini•u• Nail Size 

180 No. II ga. 1-1/2 in. long, 
7/16 in. dia•. head, or 
No. 16 ga. staples having 
7/8 in. long legs 

100 No. 13 ga. 1-1/8 in. long, 
19/64 in. head, plasterboard 
blued nail 

Gypsu• 2 ft x B ft 1/2 In. Unblocked 4 in. 75 No. 11 ga. 1-3/4 In. long, 
7/16 In. head, dia•ond point, 
galvanized 

sheathing --------- -------- --------- ------- ----- ------
board 4 ft x B ft 1/2 in. Blocked 7 in. 175 

4 ft x 8 ft 1/2 in. 

Gypsu• va I I board 1/2 in. 

1/2 In. 

1/2 in. 

1/2 in. 

5/8 in. 

5/8 In. 

5/8 In. 

Unblocked 

Unblocked 

Unblocked 

Blocked 

Blocked 

Blocked 

Blocked 

Tvo ply 

4 in. 

7 in. 

4 In. 

7 in. 

4 in. 

4 In. 

100 

100 5d cooler nails 

125 

125 

150 

175 6d cooler nails 

Base ply 250 Base ply--6d cooler nails 
9 In. 

Face ply 250 Face ply--Bd cooler nails 
7 in. 

ashear walls shall not be used to resist loads Imposed by masonry 
or concrete walls. 

bApplfes to nailing at all studs, top and bottom plates, and 
blocking. 
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10.1 

Chapter 10 

STEEL 

REFERENCE DOCUttENTS 

The quality and testing of steel materials and the design and construc
t ion of stee I components that res I st seismic forces sha 11 conform to 
the requirements of the references 1 i sted in this section except as 
modified by provisions of this chapter. 

Ref. IO. I 

Ref. IO. 2 

Ref. I 0. 3 

Ref. IO. 4 

Ref. IO. 5 

Ref. IO. 6 

10.2 

The American Institute of Steel Construction (AISC) Speci
fications (Parts I and 2) for the Design, Fabrication and 
Erect f on of Structura 1 Stee 1 for Bui l d I ngs, November 1 , 
1978, Including Supplement No. I, Effective March II, 1986 

Specification for the Design of Cold-formed Steel Struc
tura 1 Members, American Iron and Stee 1 Institute (AI SI ) , 
August IO, 1986 

The Specifications for the Design of Cold-formed Stainless 
Steel Structural Members, AISI, 1974 Edition 

Standard Speclffcatfon, Load Tables and Weight Tables for 
Steel Joists and Joist Girders, Steel Joist Institute, 
1986 Edition 

The Criteria for Structural Applications for Steel Cables 
for Buildings, AISI, 1973 Edltfon. 

Load and Resistance Factor Design Specification for Struc
tura 1 Stee 1 Bui 1 d f ngs, Amer f can Inst f tute of Stee 1 Con
struct I on, September 1, 1986 

STRENGTH OF 1£"8ERS AND CDNNECTIONS 

The strength of members and connect Ions subjected to sef sml c forces 
act Ing a 1 one or f n comb f nat f on w f th other prescr I bed 1 oads sha 11 be 
determined using a capacity reduction factor, •, and the stresses per
mitted In the reference documents except as modfffed fn this section. 

11 I 
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Sec. 10.2/Sec. 10.2.l.2 

The value of • shall be as follows: 

Members, connections, and base plates that 
develop the strength of the members or 
structural systems 

Connections that do not develop the strength 
of the member or structural system, including 
connection of base plates and anchor bolts, 
or do not conform to Sec. 10.7.6 

Metal deck diaphragms 

Partial penetration welds in columns when 
subjected to tension stresses 

• = 0.90 

• = 0.67 

• = 0.60 

• = 0.80 

10.2.1 Structural Steel 

Reference 10.1 shall be modified as follows: 

10.2.1.1 Load Combination 

Sec. 1.5.6 shall read as follows: 

"The strength of structural steel members for resisting 
seismic forces acting alone or in combination with dead and 
live loads shall be determined by using 1.7 times the allow
able stresses in AISC Sections 1.5.1, 1.5.2, 1.5.3, and 
1.5.4." 

10.2.1.2 Euler Stress 

Sec. 1.6.1. The definition of F~ for the purpose of determining the 
strength of structural steel members shall read as follows: 

where 

lb= the actual length in the plane of bending, 

rb = the corresponding radius of gyration, and 

K = the effective length factor fn the plane of 
bending. 
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Sec. 10.2.l.3/Sec. 10.2.2.l.2 

10.2.l.3 Member Strength 

Amend first paragraph of Sec. 2.1 by deleting "or earthquake" and 
adding the following: 

"The strength of members shall be determined by the require
ments contained herein. Except as modified by these rules, 
all pertinent provisions of Part l shall govern." 

10.2.l.4 Shear Strength 

In Sec. 2.5, substitute 0.60 for 0.55 In Formula 2.5-1 and delete the 
word "factored" from the definition of Vu· 

10.2.1.s P-Oelta Effects 

Where axial and flexural stresses are determined considering secondary 
bending resulting from the design P-delta effects, all axially loaded 
members may be proportioned In accordance with Sec. 1.6.l or 2.4 except 
as fol lows: 

I. The effective length factor, K, in the plane of bending may be 
assumed to be unity in the calculation of Fa, f~, Per• or Pe. 

2. The coefficient Cm is computed as for braced frames. 

10.2.2 Cold Fonaed Steel 

References 10.2 and 10.3 shall be modified as follows: 

10.2.2.1 

10.2.2.1.1 

10.2.2.1.2 

Hent>er Strength 

Hodify Sec. A4.4 of Ref. 10.2 by substituting 0.60 for 
the multi pl i_er of 0. 75. 

Modify Sec. 3.9.1 and the first paragraph of Sec. 3.9.2 
of Ref. 10.3 by substituting 70 percent for the 33-1/3 
percent increase to determine the strength of the cold
formed members subjected to se I sml c forces a 1 one or 
seismic forces fn combination with dead and live loads. 
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Sec. 10.2.2.2/Sec. 10.4 

10.2.2.2 Effective Width 

Add the following to Sec. 2.3.1.1 of Ref. 10.3: 

"When members of assemblies are subject to stresses produced 
by seismic forces or seismic forces combined with dead and 
live loads, the effective design width, b, shal 1 be deter
mined using 0.60 times the stress that would be determined 
using the increase permitted in Sec. 3.9.1 or 3.9.2." 

10.2.2.3 Steel Deck Diaphragms 

Stee 1 deck diaphragms made from mater i a 1 s conforming to the require
ments of Ref. 10.2 and 10.3 may be assigned strength values in accor
dance with one of the following: 

I . The tested strength values as approved by the Regulatory 
Agency, 

2. The tested strength values defined as the mean minus two times 
the standard deviation of at least three tests, or 

3. Two ti mes the pub 1 i shed a 11 owab le work Ing stress va 1 ues as 
approved by the Regulatory Agency. 

lnstal lation, including fasteners, shal 1 be in conformance with the 
procedures used for the tests establishing the strengths. 

10.2.3 Steel Cables 

Reference 10.5, Sec. Sd, shall be modified by substituting 1.5 T4 when 
T4 is the net tension in cable due to dead load, prestress, live load, 
and seismic load. A load factor of I.I shall be applied to the pre
stress force to be added to the load combination of Sec. 3.1.2 of 
Ref. IO .6. 

10.3 SEIS"IC PERfORMNCf CATEOORIES A ANO B 

Bui 1 dings assigned to Categories A or B may be of any type of stee 1 
construction permitted in the reference docunents. 

10.4 SE15"1C PERFORMANCE CATEOORY C 

Buildings assigned to Category C shall conform to all of the require
ments for Categories A and Band to the additional requirements of this 
section. 
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Sec. 10.4.l/Sec. 10.5.2 

10.4.1 Space Frame9 

Ordinary moment frames, space frames in bu i 1 ding frame systems, and 
space frames incorporated in bearing wall systems shall be designed and 
constructed in accordance with Ref. 1 0. I, Part 1, or Ref. IO. 2, or 
Ref.10.3. 

10.4.2 Braced Frames 

Braced frames used with or without accompanying moment frames shall be 
designed and constructed in accordance with Ref. 10.1 or Ref. 10.2 or 
Ref. IO. 3. The brace connections sha 11 be designed to deve I op the 
tensile yield capacity of the brace or to provide tensile deformation 
equivalent to Cd (Table 3-2) times the brace deformation caused by the 
seismic des I gn forces. For concentr i ca I 1 y braced frames in bu i Id i ngs 
over two stories, the sum of the strengths of the tension and compres
sion bracing in one horizontal direction shall be substantially equal 
to the sum of the strengths of their bracing in the opposite horizontal 
direction. 

10.5 

10.5.l 

SEIS"IC PERFORttANCE CATEOORY D 

ttcaent Franies 

Where a Moment Resisting Frame System is used as the seismic resisting 
system, it shall be composed of Special Moment Frames conforming to the 
requirements of Sec. 10.7. 

EXCEPTION: Ordinary Moment Frames may be used in one- and 
two-story buildings. 

10.5.2 Braced Fraae9 

Where a concentric braced frame system is used alone or In combination 
w I th ordinary moment frames or spec i a I moment frames as the se I sm i c 
res I sting system, the concentric braced frames sha 1 I conform to the 
requirements of Sec. 10.8. Where an eccentric braced frame system 
(EBF) Is used as the seismic resisting system, ft shall conform to the 
requirements of Sec. 10.9. 
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sec . 10.6/Sec. 10.7.1 

10.6 

10.6.1 

SEIS"IC PERFORttAHCE CATEGORY E 

Special tlollent Fraaes 

Where a Moment Resisting Frame System is used as the seismic resisting 
system, it shall be composed of Special Moment Frames conforming to the 
requirements of Sec. 10.7. 

EXCEPTION: Ordinary Moment Frames may be used In one-story 
bul I dings. 

10.6.2 Braced FrallleS 

Concentric braced frame systems shall be used only as part of a dual 
system. Where a concentric braced frame system is used in combination 
with ordinary moment frames or special moment frames as the seismic 
resisting system, the concentric braced frames sha 11 conform to the 
requirements of Sec. 10.8. Where an eccentric braced frame (EBF) 
system is used as the seismic resisting system, it shall conform to the 
requirements of Sec. 10.9. 

10.7 SPEC I AL ttOftENT FRAttE REQU 1 REttENTS 

Special Moment Frames shall be designed In accordance with Part 2 of 
Ref. 10.l with the following modifications: 

10.7.1 Subst I tute the fo 11 owing for the I ast three paragraphs 
of Sec. 2. l: 

"Spec I a I Moment Frames sha 11 satisfy the re
quirements for Type 1 construction in the plane 
of the frame as provided In Sec. l • 2. Type 2 
construction is perm I tted for ment>ers between 
such frames. Connections joining a portion of a 
structure designed on the basis of this Part 
with ·a portion not so designed need be no more 
rigid than ordinary seat-and-cap angle or stan
dard web connections. Except as modi fled by 
these rules, all other pertinent provisions of 
Part l shall govern. 

"The fl exura 1 strength of fl exura 1 members sha 11 
be det erm i ned by the moment Mp = ZF Y" " 
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10.7.2 

10.7.3 

10.7.-4 

10.7.5 

Sec. 10.7.2/Sec. 10.7.5 

Substitute the following for Sec. 2.2: 

"Structura I stee I sha 11 conform to one of the 
fol lowing ASTH specifications, A36/36H-84a, 
A441-84, A500-84, ASO 1-84, A572-84; ( Grades 42 
and 50), or AS88-84a. 

"EXCEPTION: Structural Steel ASTH A283-75 Grade 
0 may be used for base plates." 

Sec. 2. 3. 1 sha 11 not apply and the I ast sentence of 
Sec. 2.3.2 shall be modified to read: 

"The axial force in the columns shall not exceed 
0.6 Py." 

Add the following to Sec. 2.4: 

"Column splices shal 1 not be placed in an area 
in which a potential plastic hinge would form 
unless the spl lee fully develops the column 
section. Partial penetration welds shall not be 
used for column splices unless It can be shown 
that the sp 1 ice strength 1 s adequate to resist 
load effects of: 

"a. The plastic capacity of the joints at the 
end of the column with the yield strengths 
of members assumed at 1.25 Fy, and 

"b. The plastic capacity of the Joint at one 
floor, and one-half the plastic capacity of 
the joint at the other floor with yield 
strengths of members assumed at Fy, and 

"c The ax I a 1 tens l on I oad as specif I ed f n 
Eq. 3'-2a." 

Add the following to Sec. 2.5: 

"Shear In frame beams and columns and their 
connections shall be determined on the basis of 
dead and live loads acting In conjunction with 
moments equal to the member flexural capacities 
at c r I ti ca I sect Ions. However, these shears 
shall not be less than the shears resulting from 
elastic distribution of the specified forces. 
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Sec. 10.7.5/Sec. 10.8 

10.7.6 

10.7.7 

10.8 

"Beam-column joint panel zone areas shall be 
designed to resist the shears, fv, based on the 
capacity of the members framing into the Joint, 
but need not exceed shears produced by deforming 
the frame two times that resulting from the pre
scribed forces." 

Applicable definitions of terms remain unchanged. 

Add the following to Sec. 2.8: 

"Each girder moment connection to a co 1 umn sha 11 be 
capable of developing in the girder the full bending 
strength of the girder unless it can be shown that 
adequate rotation can be obtained by deformation of 
the connected materials. The connection consists of 
only those elements that connect the member to the 
jo I nt. A g i rder-to-co 1 umn connection may be con
s I de red to deve I op the bend Ing strength of the 
girder if the girder flanges have a c~lete butt 
weld connection to the column and the girder web is 
connected to the column through a welded connection 
or a h I gh strength bo 1 ted connect f on, provided the 
high-strength bolts are installed to the minimum 
tension for a slip-critical connection." 

Change the start of the second paragraph in Sec. 2.9 to 
read as follows: 

"The foregoing prov ·islons need not apply to 
members bending about their weak axis. However, 
in regions not adjacent to a p 1 ast i c hinge the 
maximum distance •••. " 

CONCENTRICALLY BRACED FRAIIE REQUIREltENTS 

The requirements of this section apply to concentric bracing systems, 
Including bracing used in combination with moment resisting frame 
systems, whether or not the system Is a dua 1 system. This section 
applies to all bracing systems except eccentrically braced frames (EBF) 
designed In accordance with Sec. 1 0. 9. When brae i ng is provided In 
moment resisting frame systems to control drift, as permitted by Sec. 
3.3.-4.2, the beams and columns Incorporating the bracing shall be 
designed to carry the brace forces in accordance with this section in 
addition to the appropriate forces from gravity and seismic loads 
determined from their performance as moment reslsti ng frames. For 
Categories D and E, bracing elements shall not terminate within the 
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Sec. 10.8/Sec. 10.B.2 

c 1 ear span of members whose main function f s to carry ax i a 1 gravity 
loads (columns). 

10.8.l 

10.8.l.l 

Bracing tlalbers 

Member Strength 

The strength of the member in tens f on is equa 1 to its tens i 1 e y i e 1 d 
strength and the strength of the member in compression is equal to its 
buckling strength. These strengths are determined by Ref. 10.1, Part 
2, or by Ref. 10. 6 provisions. The effective 1 ength of the brae i ng 
member in compression should be estimated on a rational basis. 

10.8. l .2 Lateral Force Distribution 

The lateral force capacity along any line of bracing shall not exceed 
the capacity In the reverse direction by more than 10 percent. For the 
purpose of this determination, a line of bracing is defined as a single 
1 ine or as paral lei lines within 10 percent of the perpendicular di
mension of the building provided that the floor diaphragm is capable of 
transmitting the forces between parallel lines. 

10.8.l.3 Width- Thickness Ratio 

The width-thickness ratio of stiffened and unstlffened compression 
elements used as braces shall not exceed the values given in Ref. 10.1, 
Part 2, or Ref. 10.6, Table C-B5.1. For rectangular tube sections, the 
width-thickness ratio shall not exceed 90/.JF; unless the tube walls are 
stiffened by other means. 

10.8.l.4 Built-up Hent>ers 

The L/r of the lndfvldual parts of built-up members between stitches 
calculated about their own axes shall not be greater than 75 percent of 
the governing slenderness ratio of the member as a whole. 

10.8.2 

Beams with bracing members connected at locations not at the beam ends 
shall be designed for gravity forces for the full span length. Brace 
support of gravity I cads sha 1 I be considered in the design of the 
bracing ment:>ers, but not for the design of the beams. 
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Sec. 10.8.3/Sec. 10.8.5 

10.8.3 Coll.llS\S 

The design forces for the columns cons I st of those from the grav I ty 
loads plus the maximum forces that the braces can deliver to the col
umns taking Into consideration the bracing yield and buckling strengths 
and the moment capabilities of the associated beams. 

!0.8.4 Bracing ttenber Connections 

In Seismic Performance Categories D and E, connections sha 11 be de
signed to develop the full tensile yield capacity of the member. 

10.8.4.1 Net Area 

In bolted brace connections, the ratio of the minimum effective net 
section area to the gross section area shall not be less than 1.2 times 
the ratio of the material minimum yield strength to the minimum tensile 
strength. 

10.8.4.2 Stitches 

For a brace that w I 11 buckle out-of-p 1 ane, the first stitch on each 
side of the midlength of a built-up member shall be designed to trans
mit a force equal to 50 percent of the yield capacity of one element to 
the adjacent element. Bolted stitches shall not be placed at the mid
length of a brace member. 

10.8.4.3 Gusset Plates 

The end gusset plates shall be designed to carry the full axial load 
and end moment capacities of the bracing member for In-plane buckling. 
For out-of-plane buckl Ing, the gusset plate shal 1 have a clear end 
length of two times the gusset plate thickness and shal 1 be able to 
carry the full compression capacity of the brace member without local 
buckling of the gusset plate. The bolts or welds shall be designed to 
transmit the brace forces along the centroids of the brace elements. 
The length should be sufficient to avoid tearing failure. 

10.8.5 Bolts 

Bolts used in seismic resistant connections shall be fully tightened. 
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10.9 

Sec. 10.9/Sec. l0.9.4 

ECCENTRICALLY BRACED FRAttE REQUIREttENTS 

Eccentrically braced frames shal 1 be designed so that under severe 
earthquake loading yielding occurs primarily in the link beam while all 
other frame members remain essentially elastic. EBFs shall be designed 
In accordance with the following provisions: 

10.9.1 

10.9.2 

10.9.3 

10.9.3.1 

10.9.3.2 

10.9.3.3 

10.9.4 

Link beams shall satisfy compact section requirements of 
Ref. 10.6, Sec. BS and Table C-B5.l for seismic applica
tions. The nom i na 1 y i e Id strength of stee I used for 
link beams shall not exceed Fy = 50 ksi. 

The shear force in a I ink beam produced by the pre
scribed design forces sha 11 not exceed the 1 ink beam 
shear yield strength. The web of a link beam shall be 
single thickness without doubler plate reinforcement and 
without openings. Link beam shear yield strength Is the 
lesser of Vp or 2Hp/e, where Vp = 0.55Fydtw, Hp= ZFy, 
and e Is the link beam length. 

The l i nk beam rotation ang l e i s the ang 1 e between the 
beam outside the link and the link beam occurring at a 
total story drift of Cd times the elastic drift at the 
prescribed design forces and may be computed assuming 
the EBF bay is deformed as a rlgid--ldeal ly plastic-
mechanism. 

This rotation angle shall not exceed (except as noted in 
Sec. 10.9.10.3 below) 0.08 radian for link beams of 
length 1.6 Hp/Vp or less. 

This rotation angle shall not exceed (except as noted in 
Sec. 10.9. )0.3 below) 0.02 radian for link beams of 
length 2.6 Hp/Vp or greater. 

Li near interpolation sha 1 I be used for l ink beams of 
lengths between 1.6 Hp/Vp and 2.6 Hp/Vp. 

For link beam lengths 1.6 Hp/Vp or greater, the combined 
flexural strength of a brace and a continuous beam shall 
exceed Hp where the diagonal brace is rigidly joined to 
the continuous beam. The strength of these members 
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Sec. 10.9.4/Sec. 10.9.7.4 

10.9.5 

10.9.6 

10.9.7 

10.9.7.1 

10.9.7.2 

10.9.7.3 

10.9.7.~ 

shal 1 be determined using interaction equations for 
axial force and bending moment. 

If the ax i a 1 force in a 1 ink beam at the prescribed 
design forces is less than 0.15 Py, where Py= Afy, the 
effect of axial force on link strength and plastic 
rotation capacity may be neglected. Where axial force in 
the link exceeds 0.15 Py, the axial force and flexural 
moment sha 11 be transm 1 tted by the I ink beam flanges 
only. 

Fu 1 I depth web stiffeners sha 11 be provided on both 
sides of the beam web at the diagonal brace ends of the 
link beam. These stiffeners shall have a combined width 
not less than (bf-2tw> and a thickness not less than 
the larger of 0.75 tw or 3/8 inches. 

Link beams sha 11 be provided with i ntermed I ate web 
stiffeners as follows: 

Link beams of length 1.6 Hp/Vp or less shall be provided 
with intermediate web stfffeners spaced at intervals not 
exceeding 38 tw-d/5 for rotation angle of 0.08 radian or 
56 tw-d/5 for rotation angles of 0.04 radian or less. 
Interpolation shall be used for values between 0.04 and 
0.08. 

Link beams of 1 ength greater than 2. 6 Hp/Vp and less 
than 5 1'1p/V p sha 11 be prov I ded with i ntermed I ate web 
stiffeners placed at a distance of bf from each end of 
the link where bf is the link beam flange width. 

Link beanis of length between 1. 6 Hp/Vp and 2. 6 Hp/Vp 
sha 11 be provided w I th i ntermed 1 ate web st f ffeners 
meeting the requirements of both Sec. 10.9.7.1 and Sec. 
10.9.7,2 above. 

No intermediate web stiffeners are required in 1 ink 
beams of length greater than 5 Hp/Vp, 
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10.9.8 

10.9.9 

10.9.10 

10.9.10.1 

10.9.10.2 

10.9.10.3 

10.9.11 

10.9 .• 12 

Sec. 10.9.8/Sec. 10.9.12 

Intermediate link beam web stiffeners shall be full 
depth. For beams less than 24 inches in depth, stiffen
ers are required only on one side of the beam web. The 
thickness of one-sided stiffeners shall not be less than 
the larger oft~ or 3/8 inch, and the width shall not be 
less than (bf/Z)-tw· For beams 24 inches in depth or 
greater, intermediate stiffeners are required on both 
sides of the web. 

Fillet welds connecting the link beam web stiffeners to 
the beam web sha 11 deve 1 op a force of at 1 east AstF y, 
and those connecting the stiffener to the flanges shall 
develop a force of at least Astfy/4, where Ast= bt of 
stiffener, b = width of stiffener plate, and t = thick
ness of stiffener plate. 

When a link beam is connected to a column, the following 
requirements shall be met: 

Link beams adjacent to co I umns sha 11 not exceed the 
length of 1.6 Hp/Vp unless the beam column connection is 
reinforced. 

The link beam flanges shall have full penetration welds 
to the column. The connection of the link beam web to 
the column shall be welded to develop the shear strength 
of the link beam. 

Where the link beam is connected to the column web, the 
link beam flanges shall have full penetration welds to 
the connect f on p 1 ates and the web connect I on sha 11 be 
welded to develop the shear strength of the link beam. 
The rotat I on ang 1 e of the 1 ink beam sha 1 I not exceed 
0.020 radian for any link beam length when the link beam 
is connected to the column web. 

Lateral supports of link beam ends shall have a m1n1mum 
compressive strength of 4 percent of the beam f 1 ange 
yield strength computed as Fybftf. 

The strength of each diagonal brace shall be adequate to 
res i st the forces generated by at I east 1 • 5 ti mes the 
shear yield strength of the link beam. 
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Sec. 10.9.13/Sec. 10.9.16 

10. 9.13 

10.9. U 

10.9.15 

10. 9.16 

DI agona 1 brace to beam connections sha 11 deve 1 op the 
strength of the diagonal brace and transfer this force 
to the beam web. No part of the diagonal brace to link 
beam connection shall extend over the link beam length. 

Columns shall be designed to remain elastic at the yield 
capacity of the EBf bay except that Fy for beams shall 
be increased by a factor of 1.25. 

The beam outside the 1 ink beam sha 11 be provided with 
sufficient lateral support to maintain the stability of 
the beam under the forces generated by at least I. 5 
times the shear yield strength of the 1 ink beam. La
teral supports sha 11 be provided at both the top and 
bottom flanges of the beam and shall have a strength to 
res f st at 1 east I . 5 percent of the beam flange y i e 1 d 
strength computed as fybftw. 

Beam to column connections may be designed as partially 
restrained ( s I mp 1 e) connections. The connection sha 1 l 
have a strength to resist rotation about the longi
tudinal axis of the beam based on two equal and opposite 
rotation forces of at least 0.01 fybftf acting laterally 
on the beam flanges. 
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Appendix to Chapter 10 

Appendix to Chapter 10 

LOAD ANO RESISTANCE FACTOR DESIGN (LRFD) 

As an alternative to the allowable stress provisions of Ref. 10.1 as 
modified by Chapter 10, steel structures may be designed in accordance 
with Ref. 10.6. When Ref. 10.6 is used, Sec. 10.7 shall be replaced by 
the fol lowing: 

lOA.7 SPECIAL tOtENT FRANE REQUIREttENTS 

Special Moment Frames shall be designed in accordance with 
Ref. 10.6 (AISC, 1986), including Eq. C-Fl.1 and the require
ments of Table C-B5.1 for - seismic conditions, with the 
following modifications: 

lOA.7.1 

lOA.7.2 

Add the following to Sec. A2.2: 

"Spec i a 1 Moment Frames sha 11 satisfy the re
quirements for Type FR construction in the 
plane of the frame as provided in Sec. A2. 2 
Type PR construction is permitted for ment>ers 
between such frames. Connections joining a 
port I on of a structure designed on the basis 
of plastic design provisions with a portion 
not so designed need be no more rigid than 
ordinary seat-and-cap angle or standard web 
connections. Except as modified by these 
rules, all other pertinent provisions of Ref. 
10.6 shall govern. 

"The fl exura 1 strength of flexural members 
shall be determined by the moment Hp= ZFy·" 

Substitute the following for Sec. A3.1: 

"Structural steel shall conform to one of the 
fol lowing ASTH specifications, A36/36M-84a, 
A441-84, AS00-84, AS0l-84, A572-84; (Grades 42 
and 50), or A588-84a. 

"EXCEPTION: Structural Steel ASTM A283-75 
Grade O may be used for base plates." 

125 



Appendix to Chapter 10 

lOA.7.3 

IOA.7.4 

IOA.7.5 

Sec. C2. 1 of Ref. 1 0. 6 sha 11 not app 1 y and the 
last sentence of Sec. C2.2 of Ref. 10.6 shall be 
modified to read: 

"The axial force in the columns shall not 
exceed 0.6 Py·" 

Add the following to Sec. E2: 

"Column splices shall not be placed in an area 
in which a pctential plastic hinge would form 
unless the splice fully develops the column 
section. Partial penetration welds shall not 
be used for co 1 umn sp 1 ices un 1 ess it can be 
shown that the splice strength is adequate to 
resist load effects of: 

"a. The plastic capacity of the joints at the 
end of the column with the yield 
strengths of members assumed at 1.25 Fy, 
and 

"b. The plastic capacity of the Joint at one 
floor, and one-half the plastic capacity 
of the joint at the other floor with 
yield strengths of members assumed at Fy, 
and 

"c The axial tension load as specified in 
Eq. 3-2a." 

Add the following to Sec. F2.2: 

"Shear in frame beams and co 1 umns and their 
connections sha 11 be determl ned on the basis 
of d~ad and live loads acting in conjunction 
w I th moments equa 1 to the member fl exura 1 
capacities at er It I ca 1 sections. However, 
these shears shall not be less than the shears 
resulting from elastic distribution of the 
specified forces. 

"Beam-co 1 umn jo Int pane 1 zone areas sha 11 be 
designed to resist the computed shear stress, 
based on the capacity of the members framing 
Into the joint, but need not exceed shears 
produced by deforming the frame two times that 
resulting from the prescribed forces." 
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lOA.7.6 

lOA.7.7 

Appendix to Chapter 10 

Applicable definitions of terms remain unchanged. 

Add the following to Sec. Jl: 

"Each girder moment connection to a column sha 1 l 
be capable of developing in the girder the ful 1 
bending strength of the girder unless it can be 
shown that adequate rotat ion can be obtained by 
deformation of the connected mater i a 1 s. The 
connect f on consists of on 1 y those e 1 ements that 
connect the member to the joint. A girder-to
co I umn connection may be considered to develop the 
bending strength of the girder if the girder 
f 1 anges have a comp 1 ete butt we 1 d connection to 
the column and the girder web is connected to the 
co 1 umn through a we 1 ded connection or a high 
strength bolted connect ion, provided the high
strength bolts are fnstal led to the minimum 
tension for a slip-critical connection." 

Change the start of the I ast paragraph in 
Sec. Fl.l to read as follows: 

"The foregoing prov i s ions need not app 1 y to 
members bending about their weak axis. 
However, in regions not adjacent to a plastic 
hinge the maximum distance •••• " 
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11. 1 

Chapter 11 

REINFORCED OONCRETE 

REFERENCE OOCUttENT 

The quality and testing of concrete and steel materials and the design 
and construction of reinforced concrete components that resist seismic 
forces sha 11 conform to the requirements of the reference 1 I sted in 
this section except as modified by the provisions of thfs chapter. 

Ref. 11 • 1 

11.1.1 

11.1.1.1 

11.1.1.2 

11.1.1.3 

Building Code Requirements for Reinforced Concrete, Ameri
can Concrete Institute, ACI 318-83, including Appendix A 

Nod i ff cat Ions to Ref. 11 • 1 

Replace Sec. 9.2.3 with Sec. 3.7.l of this document. 

Replace Sec. A.2.1.3 and A.2.1.4 with the provisions of 
this chapter. 

Amend Sec. A.2.1.5 to read as follows: 

"A reinforced concrete structura 1 system not 
satisfying the requirements of thfs appendix, 
including those composed of precast elements, 
may be used if ft is demonstrated by exper
i menta 1 evidence and ana 1 ys is that the pro
posed system wl I 1 have strength and tough
ness equal to or exceeding those provided by 
a c0f11)arab 1 e mono 1 f th I c ref nforced concrete 
structure satisfying this appendix." 
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• 

Sec. 11.1.1.4/Sec. 11.1.1.6 

11.1.l.4 

11.1.1.s 

11.l.l.6 

Modify Sec. A.2.5.l to read as follows: 

"Reinforcement resisting earthquake-induced flex
ura 1 and axial forces in frame members and in 
wall boundary members shall comply with ASTH A706 
except as modified herein. ASTH A615 Grades 40 
and 60 •.. not less than 1.25. Post-tensioning 
tendons may be used In flexural members of frames 
provided the average prestress fpc, ca I ci.J 1 ated 
for an area equal to the member's shortest cross
sectional dimension multiplied by the perpen
dicular dimension, does not exceed 350 psi." 

Add the following to the end of Sec. A.2.5.1: 

"When reinforcing steel is to be welded, the 
steel shall comply with ASTH A706. This re
quirement may be satisfied by the use of steel 
complying with ASTH A615 provided that this 
steel meets the carbon equ i va 1 ent requirements 
and chemical limits for ASTH A706 steel." 

Insert the fol lowing new Sec. A.3.2.3 and change the 
existing Sec. A.3.2.3 and A.3.2.4 to A. 3.2.4 and 
A.3.2.5, respectively: 

"For members in which prestress i ng tendons are 
used together with ASTH A 706 or with A6 l 5 
( Grades 40 or 60) re I nforcement to resist 
earthquake-induced forces, prestressing tendons 
shall not provide more than one quarter of the 
strength for both positive moments and negative 
moments at the joint face. Anchorages for 
tendons must be demonstrated to perform sat is
factor i l y for seismic loadings. Test assemblies 
shal 1 withstand, without failure, a minimum of 
50 cycles of loading ranging between 40 and 85 
percent of the minimum specfffed strength of the 
tendon. Tendons sha 11 extend through exterior 
joints and be anchored at the exterior face of 
the Joint or beyond." 

Change Sec. A.3.3.4 to read as follows: 

"Where hoops are not required, stirrups with 
135-degree or greater hooks with 6-bar-diameter 
extensions shall be spaced not more than d/2 
throughout the length of the member." 
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11.1.1.7 

11.1.1.e 

11.1.1.9 

11.1.1.10 

Sec. 11.1.1.7/Sec. ll.l.l.10 

Add the following new paragraph to Sec. A.4.4: 

"At any section where the nominal strength, • Pn• 
of the column Is less than the sum of the shear 
Ve computed In accordance with Sec. A.7 for all 
the beams framing Into the column above the 
level under consideration, special transverse 
ref nforcement sha 11 be prov f ded. For beams 
framing Into opposite sides of the column, the 
moment components may be assumed to be of op
pos I te s I gn. For determl nat Ion of the nomf na 1 
strength, Pn, of the column, these moments may 
be assumed to result from the deformation of the 
frame fn any one principal axis." 

In Eq. A-4, Sec., A.4.4.1 (2), change the coefficient 
0. 12 to O. 09. 

Add the following to the end of Sec. A.4.4.5: 

"The special transverse ref nforcement shal 1 be placed 
above the d I scont I nu f ty for at 1 east the deve I op,nent 
1 ength of the largest long I tud Ina l re I nforcement In 
the column In accordance with Sec. A.6.4. If the 
lower end of the col lJlln term I nates on a wa 1 1 , the 
special transverse reinforcement shall extend Into the 
wa 11 for at 1 east the deve 1 opment length of the 
1 argest 1 ong f tud Ina 1 re I nforcement in the column at 
the po Int of term I nat I on. If the co 1 umn terminates 
on a footing or mat, extend the transverse reinforce
ment Into the foot f ng or mat e f ther the corll)ress i ve 
develop,nent length of the largest longitudinal rein
forcement or the lead length of a standard hook." 

Add the following to the end of Sec. A.5.1: 

"A cast-In-place topping on a precast floor 
system may serve as the diaphragm provided the 
cast- In-pl ace topp Ing I s proport I oned and de
ta 11 ed to resist the design shear forces. Where 
untapped precast e 1 ements are used for dia
phragms, the • factor for connect Ions between 
elements shall be 0.5 except that for connection 
elements that form a continuous tie across and 
through the untapped el ement , extend I ng acres s 
the diaphragm, the • factor shall to 0.7." 
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Sec. 11.l.l.ll/Sec. ll.l.l.16 

11.1.1.11 

11.1.1.12 

11.1.1.13 

11.1.1.14 

11.1.1.15 

11.1.1.16 

Add the following to the end of Sec. A.5.3.5: 

"Transverse reinforcement terminating at the edges of 
shear walls without boundary elements shall have a 
standard hook engaging the edge reinforcement or the 
edge reinforcement sha 11 be enclosed in U stirrups 
having the same size and spacing as, and spliced to, 
the transverse relnforcement . .r:-,When _the nominal she~r 
stress lev e l is be I ow Acv ,tf c, th 1 s requirement 1 s 
exempted." 

Add the following to the end of Sec. A.6.2.2: 

"At these locations, the spacing specified in 
A.4.4.2(b) may be increased to 6 inches." 

Change the definition of A J i n Sec. A. 6. 3. 1 ( and 
Sec. A.O) to read: 

"Aj = effective cross-sectional area within a Joint, 
in a plane parallel to plane of reinforcement gener
ating shear in the joint. The joint depth shall be 
the overall depth of the column. Where a beam frames 
into a support of larger width, the effective width of 
the Joint sha l l not exceed the sma l 1 er of: (a) beam 
width plus the joint depth, (b) twice the smaller 
perpendicular d I stance from the long i tud i na l axis of 
the beam to the column side." 

Change the reference to Sec. 9.2 in Sec. A.7.1.3 to the 
load combination specified in Sec. 3.7.1 of this docu
ment for earthquake sources. 

Revise Sec. A.8.1 to read: 

"A.8.1 All frame members assumed not to be part of 
the lateral force resisting system shall satisfy the 
minimum reinforcement requirements specified In 
Sec. A.3.2.1 and A.5.2.1 as well as those specified 
in Chapters 7, 10, and 11." 

Change the title of Sec. A.9 to read: "Requirements for 
Intermediate Ductility Frames." 
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11.1.1.17 

11.2 

Sec. 11.1.1.17/Sec. 11.2 (Table 11-1) 

For the purpose of these prov i s ions , the term "st ruc
tura l walls" in Ref. 11.1 means "shear walls." 

STRENGlli OF NEt18ERS AND CONNECTIONS 

The strength of members and components sha 1 I be determf ned us Ing the 
strengths permitted and required in Ref. 11.1 as modified by this chap
ter. 

The maximum loads on anchor bolts shall not exceed those given in Table 
11-1. Haxfmum loads greater than those shown may be used for concrete 
strengths greater than 3,000 psi when accompan fed by substantiating 
evidence. 

Diameter (in.) 

1/4 
3/8 
1/2 
5/8 
3/4 
7/8 
1 

TABLE 11-1 
Naxilll.D Shear and Tension on Bolts 8 

Minimum 
Embedment ( i n. ) b 

2-1/2 
3 
4 
5 
5-1/2 
6 
7 

Shear (lb) 

500 
1,100 
I, 900 
3,000 
4,300 
5,900 
7,700 

Tension (lb) 

360 
900 

1, 700 
2,700 
4,050 
5,750 
7,500 

avalues shown are for minimum concrete compressive strength of 
3,000 psi at 28 days. Values are for natural stone aggregate concrete 
and bolts of at least A-307 quality. Bolts shall have a standard bolt 
head or equal deformity In t~e embedded portion. Values are based upon 
a bolt spacing of 12 diameters with a minimum edge distance of 6 di
ameters. Such spacing and edge distance may be reduced 50 percent with 
an equal reduction in value. Use linear Interpolation for intermedi
ate spacings and edge margins. 

bA minimum embedment of 9 bolt diameters shall be provided for 
anchor bolts located In the top of columns for bui I dings located In 
areas where Av exceeds 0.15. 

Anchor bolts at the tops of columns and similar locations shall be en- I 
closed with not less than two No. 4 or three No. 3 ties located within 
4 Inches from the top of the column. 
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Sec. 11.3/Sec. 11.8.l 

11.3 ORDINARY ID£NT FRAttES 

Ordinary Moment Frames are frames conforming to the requirements of 
Ref. II.I exclusive of Appendix A, 

11.4 INTERNEOIATE tl>NENT FRAttES 

lntermedfate Moment Frames are frames conforming to the requlrements of 
Sec. A.9 of Ref. 11.1 In addition to those requirements for Ordfnary 
Moment Frames. 

11.5 SPECIAL tOtENT FRAttES 

Special Moment Frames are frames conforming to the requirements of 
Sec. A.2 through A.7 of Ref. 11.1 in addition to those requirements for 
Ordinary Moment Frames. 

11. 6 SEIS"IC PERFORNANCE CATEOORY A 

Buildings assigned to Category A may be of any construction permitted 
in Ref. 11.1 and these provisions. 

11.7 SEIS"IC PERFORNANCE CATEOORY B 

Buildings assigned to Category B shall conform to all the requirements 
for Category A and to the add it i ona 1 requ I rements for Category B in 
other chapters of these provisions. 

11.8 SEl5"IC PERFORMANCE CATEOORY C 

Buildings assigned to Category C shall conform to all the requirements 
for Category B and to the additfonal requirements for Category C in 
other chapters of these provisions as well as to the requirements of 
this section. 

11.8. I 

All moment frames that are part of the seismic resisting system shall 
be Intermediate Moment Frames, conforming to Sec. 11.4, or Special 
Moment Frames, conforming to Sec. 11.5 
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Sec. 11.8.2/Sec. 11.9.3 

11.8.2 Discontinuous Menlbers 

Columns supporting reactions from discontinuous stiff members such as 
walls shall be provided with transverse reinforcement at the spacing s0 
as defined in Sec. A.9.5.1 of Ref. II.I over their full height beneath 
the level at which the discontinuity occurs. This transverse rein
forcement sha 11 be extended above and be 1 ow the co 1 umn as defined in 
Sec. 11.1.1.9 of this chapter. 

11.9 SE15"1C PERFORttANCE CATEGORIES O ANOE 

Buildings assigned to Category Dor E shall conform to all of the re
quirements for Category C and to the additional requirements of this 
section. 

11.9.1 ltcnent Frames 

A 11 moment frames that are part of the seismic resisting system, re
gardless of height, shall be Special Moment Frames in conformance with 
Sec. 11 . 5. 

11. 9. 2 SeiS11ic Resisting Systeni 

Al I materials and c~nents in the Seismic Resisting System shall con
form to Sec. A.2 through A.7 of Ref. 11.1. 

11. 9.3 Fraae C011POnents Not Part of the Seismic Resisting 
System 

All frame components assumed not to be part of the Seismic Resisting 
System sha 11 conform to Sec. 3. 3. 4. 3 of these provisions and to 
Sec. A.8 of Ref. 11.1. 
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12.1 

Olapter 12 

ttASONRY 

REFERENCE OOCuttENTS 

The design, construction, and quality assurance of masonry components 
that resist se f smi c forces sha I l conform to the requirements of the 
reference listed in this section except as modified by the provisions 
of this chapter. 

Ref. 12. 1 

12.1.1 

Bui 1 ding Code Requirements for Masonry Structures, AC I -
ASCE 530, including Appendix A, "Special Provisions for 
Seismic Design," and Specifications for Masonry Struc
tures, ACI-ASCE 530.1-88 

Nodfffcatfon9 to Appendix A of Reference 12.1 

Replace al 1 references to seismic zones (ANSI ASS. I zones) with the 
Seismic Performance Categories listed in Table 12-1. 

TABLE 12-1 
Appendix A Sel•lc Zones and 

Replaceaent Seisaic Perforaance Categorle9 

Appendix A 
(ANSI ASS.I) 
Seismic Zone 

O and 
2 
3 and 4 

Replace with Seismic 
Performance Category 

A and B 
C 
D and E 
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Sec. 12.2/Sec. 12.5 

12.2 STRENGTit OF ttEttBERS AND CONNECTIONS 

The strength of members and connect tons subjected to sel sml c forces 
acting alone or in combination with other prescribed loads except as 
modified in Sec. 12.2.1 shall be determined using a capacity reduction 
factor, •, and 2.5 times the allowable working stress determined from 
Ref. 12.1 including the modifications to the allowable working stress 
stated therein. 

When considering axial or flexural compression and • = 0.8 
bearing stress in the masonry 

For reinforcement stresses except when considering shear • = 0.8 

When considering shear carried by shear reinforcement • = 0.6 
and bolts 

When permitted to consider masonry tension parallel to • = 0.6 
the bed joints (I.e., horizontally In normal construction) 

When considering shear carried by masonry • = 0.6 

When permitted to consider masonry tension perpendicular • = 0.4 
to the bed Joints (I.e., vertically in normal construction) 

12.3 RESPONSE tllOIFICATION COEFFICIENTS 

The R factors of Table 3-2 for reinforced masonry shall apply, provided 
masonry Is designed In accordance with Ref. 12.1, Chapter 7 and Appen
dix A. The R factors of Table 3-2 for unreinforced masonry shall apply 
for all other masonry. 

12.~ SEISNIC PERfafflANCE CATEOORY A 

Bui \dings assigned to Category A may be of any type of masonry con
struction permitted tn ·the reference document. 

12.5 SEISNIC PERfORttANCE CATEOORY 8 

Buildings assigned to Category B shall conform to all the requirements 
for Category A and the lateral load resisting system shall be designed 
in accordance with Ref. 12.1, Chapter 6 or 7. 
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Sec. 12.6/Sec. 12.6.2 

12.6 SEISMIC PERFORtlANCE CAlt:OORY C 

Buildings assigned to Category C shall conform to the requirements of 
Category A; to the requ I rements Ref. 12. I, Append Ix A; and to the 
additional requirements of this section. 

12.6.l 

12.6.l.l 

Construction Requtranents 

Hultfple Wythe Walls Not Acting Compositely 

At least one wythe of a cavity wall shall be designed and reinforced in 
accordance with Ref. 12.1; the other wythe shall be tied to its backup 
and re I nforced w I th a mi n i mum of one No. 9 wire gage at a max I mum 
spacing of 16 inches o.c. Wythe shall be tied In accordance with Ref. 
12.t, Sec. 5.8.2.2. 

12.6. l .2 Screen Wa 11 s 

Masonry screen walls, laterally supported but not otherwise connected 
oh all edges by a structural frame of concrete masonry or steel, shall 
meet the following requirements: 

12.6.1.2.l 

12.6.l.2.2 

12.6.2 

All screen walls shall be reinforced in accordance with 
this section. Joint reinforcement shall be considered 
effective In resisting stresses. The units of a panel 
shall be so arranged that either the horizontal or the 
vert I ca 1 Jo Int con ta In i ng re I nforc i ng Is cont I nuous 
without offset. This continuous Joint shal 1 be rein
forced with Joint reinforcement having a minimum steel 
area of 0.03 square Inch. Joint reinforcement shall be 
embedded In mortar or grout. 

I n ca 1 cu 1 at i ng the res I sting capac I ty of the system, 
compression and tension in the spaced wires may be utfl
i zed. Jo (nt re I nforcement sha 1 I not be sp 1 iced and 
sha 11 be the w I dest that the mortar joint w i 11 accom
modate allowing 1/2 inch of mortar cover. 

ttatertal Requlreaents 

The following materials shall not be used for any structural masonry: 

Structural Clay Loadbearing Wall Tile (ASTH C 34) 
Structural Clay Non-Loadbearfng Wall Tile (ASTH C 56) 
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Sec. 12.7/Sec. 12.8.l 

12.7 SEIS"IC PERFORttANCE CATEGORY D 

Buildings assigned to Category D shall conform to all of the require
ments for Category C and the additional requirements of this section. 

12.7.1 Construction Requirements for ttasonry Laid in Other than 
Running Bond 

The maxi mum spacing of horizontal reinforcement sha I l not exceed 24 
Inches. 

12.7.2 Shear Wa 11 Requ i renaents 

Shear walls shall comply with the requirements of this section. 

12.7.2.1 

12.7.2.2 

12.8 

The maximum spacing of reinforcement in each direction 
shall be the smaller of the following dimensions: one
third the length and height of the element but not more 
than 48 inches. The area of reinforcement perpendicular 
to the shear reinforcement sha l l be at I east equal to 
one third the area of the required shear reinforcement. 
The portion of the reinforcement required to resist 
shear shall be uniformly distributed. 

When reinforcement is required in accordance with Ref. 
12. l , Sec. 7. 5. 2, the computed reinforcement sha l l be 
placed horizontally. 

SE15"1C PERFORMANCE CATEGORY E 

Bufldfngs assigned to Category E shall conform to the requirements of 
Category D and to the additional requirements and limitations of this 
section. 

12.8.1 Construction Requirements 

Construction procedures or admixtures shall be used to minimize crack
ing of grout and to maximize bond. The thickness of the grout between 
masonry units and reinforcing shall be a minimum of 1/2 inch for struc
tural masonry. 
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12.8.l.l 

Sec. 12.8.l,l/Sec. 12.8.1.2. 3 

Reinforced Hollow Unit Hasonry 

Structural reinforced hollow unit masonry shall conform to the follow
ing requirement: Vert f ca I ref nforcement sha 11 be secure 1 y he 1 d in 
position at tops, bottoms, splices, and at intervals not exceeding 112 
bar diameters. Horizontal wall reinforcement shall be securely tied to 
the vertical reinforcement or held in place during grouting by equiva
lent means. 

12.8.l.2 Stacked Bond Construction 

All stacked bond construction shall conform to the following require
ments: 

12.8.1.2.1 

12.8.1.2.2 

12.8.1.2.3 

The m,n,mum ratio of horizontal reinforcement shall be 
0.0015 for nonstructural masonry and 0.0025 for struc
tural masonry. The maximum spacing of horizontal rein
fore i ng sha 11 not exceed 24 inches for nonstructura 1 
masonry or 16 inches for structural masonry. 

Reinforced hollow unit construction that is part of the 
seismic resisting system shall be grouted sol id, shat 1 
use double open end (H block) units so that all head 
joints are made solid, and shall use bond beam units to 
facilitate the flow of grout. 

Other re I nforced ho 11 ow unit construction used struc
tura 11 y, but not part of the seismic resisting system, 
shall be grouted solid and all head Joints shall be made 
solid by the use of open end units. 
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Appendix 

BSSC BOARD CF DIRECTION. 1986-87 

Chatman 
Warner Howe,l Gardner and Howe, Memphis, Tennessee 

Vice ChafrtllBn 
Neal D. Houghton,l Building Owners and Managers Association, Phoenix, 

Arizona 

Secretary 
W. Gene Corley,! Portland Cement Association, Skokie, Illinois 

Ex-0fffcfo 
Roy G. Johnston, 1 Brandow and Johnston Associates, Los Angeles, Cal
ifornia 

ltellbers 

Christopher W. Arnold, Building Systems Development, Inc., San Mateo, 
California (representing the American Institute of Architects) 

Thomas E. Brassell, American Institute of Timber Construction, Engle
wood, Colorado (representing the National Forest Products Associ
ation 

Henry J. Degenkolb, H.J. Degenkolb Associates, San Francisco, Califor
nia (representing the Earthquake Engineering Research Institute) 

Geerhard Haa I j er, Amer I can Inst I tute of Stee I Construct I on, Chicago, 
Illinois 

Gerald Jones, Code Acinlnlstrator, Kansas City, Missouri (representing 
the Bui ldlng Officials and Code Acinfnlstrators International, 
Inc.) 

H. s. "Pete" Kellam, Graham and Kellam, San Francisco, Cal lfornla 
(representing the American Society of Civil Engineers) 

James E. Lapping, AFL-CIO Building and Construction Trades Department, 
Washington, O.C. 

Harry W. Hartin, American Iron and Steel Institute, Newcastle, Califor
nia 

Richard D. McConnell, Office of Construction, Veterans Administration, 
Washington, O.C. (repr.esentlng the Interagency Coomlttee on Seis
mic Safety In Construction) 

Char I ene F. SI zemore, Consumer Representat Ive, Hunt I ngton, West VI r
g In I a (representing the National Institute of Building Sciences) 

Blair Tulloch, Tulloch Construction, Inc., Oakland, California (repre
senting the Associated General Contractors of America) 

Ajit S. Vlrdee, CYGNA Consulting Engineers, Sacramento, California 
(representing the Structural Engineers Association of California) 

Alan H. Yorkdale,2 Brick Institute of America, Reston, Virginia 

lHember, Executive Conmittee. 

2oeceased. 
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Appendix 

BSSC BOARD OF DIRECTION. 1987-88 

Olainnan 
Warner Howe,3 Gardner and Howe, Memphis, Tennessee 

Vice Chairman 
Gerald Jones, 3 Code Administrator, Kansas City, Missouri (representing 

the Building Officials and Code Administrators International, 
Inc. ) 

Secretary 
Harry W. Hartin, 3 American Iron and Steel Institute, Newcastle, Cali

fornia 

Ex-Officio 
Roy G. Johnston, 3 Brandow and Johnston Associates, Los Angeles, Cali

fornia 

tlenmers 

Henry J. Degenkolb, H.J. Degenkolb Associates, San Francisco, Califor
nia (representing the Earthquake Engineering Research Institute) 

John Fi sher, Skidmore Owings and Herr i 1 1 , San Francisco, Ca 1 i forn i a 
(representing the American Institute of Architects) 

S. K. Ghosh, Portland Cement Association, Skokie, Illinois 
Louis L. Guy, Jr., Guy and Davis, Burke, Virginia (representing the 

National Institute of Building Sciences) 
Geerhard Haa i jer, American Institute of Stee 1 Construction. Chicago, 

Illinois 
Hark B. Hogan, National Concrete Masonry Association, Herndon, Virginia 
Neal D. Houghton, Building Owners and Managers Association, Phoenix, 

Arizona 
H. S. 11 Pete II Ke I 1 am, Graham and Ke 11 am, San Franc f sco, Ca 1 i forn i a 

(representing the American Society of Civil Engineers) 
James E. Lapping, AFL-CIO Building and Construction Trades Department, 

Washington, D.C. 
Richard D. McConnell, Office of Construction, Veterans Administration, 

Washington, D.C. (representing the lnteragency Conmittee on Seis
mic Safety in Construction) 

Wallace A. Norum, Hountainview, California (representing the National 
Forest Products Association) 

Allan K. Porush, Dames and Moore, Los Angeles, California (representing 
the Structural Engineers Association of California) 

Blair Tulloch, Tulloch Construction, Inc., Oakland, California (repre
senting the Associated General Contractors of America) 

3Hember, Executive Conmittee. 
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Appendix 

BSSC STAFF 

James R. Smith, Executive Director 

O. Allen Israelsen, Consulting Technical Specialist, Silver Spring, 
Maryland 

Claret H. Heider, Consultfng Technical Wrfter-Editor, Herndon, Virginia 

Karen E. Smith, Admtnistratfve Assfstant 
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Appendix 

TECHNICAL ttANAGEttENT COtt" I TTEE 

TC 1 Representative 

S. T. Algermissen, U.S. Geological Survey, Denver, Colorado 

TC 2 Representative 

AJit S. Virdee, CYGNA Consulting Engineers, Sacramento, California 

TC 3 Representative 

Robert D. Darragh, Jr., Dames and Moore, San Francisco, California 

TC 4 Representative 

S. K. Ghosh, Portland Cement Association, Skokie, Illinois 

TC 5 Representatives 

Alan H. Yorkdale,4 Brick Institute of America, Reston, Virginia (Janu
ary-October 1987) 

Hark B. Hogan, National Concrete Masonry Association, Herndon, Virginia 
(October 1987-August 1988) 

TC 6 Representative 

Robert D. Hanson, University of Michigan, Ann Arbor 

TC 7 Representative 

Edwin G. Zacher (TMC Chairman), HJ Brunnler Associates, San Francisco, 
Cal ffornla 

TC 8 Representative 

John Fisher, Consultant, ·Portola, California 

TC 9 Representative 

Vincent R. Bush, Consultant, Walnut, California 

BSSC Representatives 

W. Gene Corley, Construction Technologies Laboratories, Skokie, 11-
1 inois (January 1987-January 1988) 

4Deceased. 
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Appendix 

Charles M. Culver, Natfonal Bureau of Standards, Gaithersburg, Maryland 

James R. Harris, J. R. Harris and Company, Denver, Colorado 

Warner Howe, Gardner and Howe Structural Engineers, Memphis, Tennessee 

E. V. Leyendecker (Secretary), U.S. Geological Survey, Denver, Colorado 
(June-November 1987) 

Harry W. Martin, American Iron and Steel Institute, Newcastle, Califor
nia (January-August 1988) 

Michael Sbaglla, American Insurance Services Group, New York, New York 
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Append i x 

TECHNICAL COlt"ITTEES 

TC 1. Sef511ic Risk Naps 

American Society of Civil Engineers 

Neville C. Donovan, Dames and Hoore, San Francisco, California 

Applied Technology Council 

Wi 11 i am B. Joyner (Vice Chairman) U.S. Geo log! ca I Survey, Hen lo 
Park, California 

Association of Engineering Geologists 

El I is L. Krinltzsky, Waterways Experiment Station, Vicksburg, 
Mississippi 

Building Seismic Safety Council 

Warner Howe, Gardner and Howe Structural Engineers, Memphis, Ten
nessee 

Rene Luft, SI mpson, Gumpertz, and Heger, Inc. , 
Cal ifornl a 

Earthquake Engineering Research Institute 

San Francisco, 

Robin McGuire, Risk Engineering Inc., Golden, Colorado 

lnteragency Comnittee on Seismic Safety in Construction 

S. T. Algermlssen (Chairman and Representative to the THC), U.S. 
Geological Survey, Denver, Colorado 

TC 2. Structural Design 

American Society of Civil Engineers 

Nicholas F. Forell, Forell/Elsesser Engineers, Inc., San Francis
co, Ca Ii fornl a 

Applied Technology Council 

Ro I and L. Sharpe (Chairman), Engineering Decision Ana 1 ys is Co., 
Cupertino, California 
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Appendix 

Building Seismic Safety Council 

E. V. Leyendecker, U.S. Geological Survey, Denver, Colorado 

Earthquake Engineering Research Institute 

Joseph P. Ni co 1 ett i , URS/ J. A. BI ume and Associates, San Fran
cisco, California 

lnteragency Committee on Seismic Safety In Construction 

Richard 0. McConnell, Civil Engineering Service, Veterans Ad
ministration, Washington, D.C. 

Hohanmad Ayub, Veterans Administration, Washington, D.C. 

Structural Engineers Association of Arizona 

Uno Kula, City of Phoenix, Arizona 

Structural Engineers Association of California 

Ajit S. Virdee (Representative to the THC), CYGNA Consulting 
Engineers, Sacramento, California 

Structural Engineers Association of Illinois 

W. Gene Corley, Construction Technology Laboratories, Inc., 
Skokie, Illinois 

Structural Engineers Association of Utah 

Lawrence 0. Reaveley, Reaveley Engineers and Associates, Inc., 
Salt Lake Cfty, Utah 

Structural Engineers Association of Washington 

William H. Hooseker, SUIJTilit Technology, Seattle, Washington 

TC 3, Foundations 

American Society of Civil Engineers 

Robert D. Darragh (Representative to THC) , Dames and Hoore, San 
Francisco, California 
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Soll and Foundation Engineers Association 

Alan Kropp (Chairman), Alan Kropp and Asssociates, Berkeley, 
Cal lfornla 

Building Seismic Safety Council 

Wi 11 iam F. Harcuson, Waterways Experiment Station, Vicksburg, 
Hlsslssslppl 

John Christian, Stone and Webster Engineering Corpcratlon, Boston, 
Massachusetts 

Earthquake Engineering Research Institute 

Alfred J. Hendron, Consultant, Savoy, Illinois 

lnteragency Conmlttee on Seismic Safety In Construction 

Arthur H. Wu, Naval Faci l lties Engineering Conmand, Alexandria, 
Virginia 

Structural Engineers Association of California 

William H. Herkel, William Merk.el Associates, Sacramento, Cal
ifornia 

TC 4. Concrete 

American Concrete Institute 

Mete A. Sozen, University of Illinois, Urbana, Illinois 

American Society of Civil Engineers 

Arnaldo T. Oerecho, Wiss, Janney, Elstner Associates Inc., North
brook, I 11 I no I s 

Applied Technology Council 

Sigmund Freeman, WI ss, Janney, EI stner Assoc I ates Inc. , Emery
v 111 e, California 

Concrete Reinforcing Steel Institute 

Gustave G. Erlemann (January-June 1987), Concrete Reinforcing 
Steel Institute, Lawndale, California 
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Walter C. Oram (June 1987-August 1988), Concrete Reinforcing Steel 
Institute, Lawndale, California 

Earthquake Engineering Research Institute 

James 0. Jirsa, University of Texas, Austin, Texas 

Interagency Comnittee on Seismic Safety in Construction 

George M. Matsumura, U.S. Army Corps of Engineers, Washington, 
D.C. 

Nation~! Ready Mix Concrete Association 

Jim Rossberg, National Ready Hix Concrete Association, Silver 
Spring, Maryland 

Portland Cement Association 

S. K. Ghosh (Representative to THC), Portland Cement Association, 
Skok I e , I 1 1 1 no I s 

Post Tensioning Institute 

Neil H. Hawkins (Chairman), Unlverity of Washington, Seattle 

Prestressed Concrete Institute 

David A. Sheppard (January-June 1987), Consulting Structural 
Engineer, Inc., Sonora, California 

Alex Aswad (June 1987-August 1988), Pennsylvania State University, 
Harrisburg Middletown, Pennsylvania 

Structural Engineers Association of California 

Loring A. Wyl 1 le, H. J. Oegenkolb and Associates, San Francisco, 
Cal lfornia 

TC s. Nasonry 

American Concrete Institute 

Mario J. Catani, Our-0-Wal, Inc., Arlington Heights, Illinois 

American Society of Civil Engineers 

Daniel Shapiro, Shapiro, Okino, Hom and Associates, San Francisco, 
California 
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Brick Institute of America 

Alan H. YorkdaleS (Representative to the THC, January-October 
1987), Brick Institute of America, Reston, Virginia 

Interagency Comnittee on Seismic Safety in Constr. 

Charles F. Scribner, National Bureau of Standards, Gaithersburg, 
Maryland 

Masonry Institute of America 

James E. Amrhein, Masonry Institute of America, Los Angeles, 
California 

National Concrete Masonry Association 

Hark B. Hogan (Representative to t he THC, October 1987-August 
1988), Nat ional Concrete Masonry Association, Herndon, Virginia 

Structural Engineers Association of California 

Ben L. Schmid, B. L. Schmid, Consultant Structural Engineer, 
Pasadena, California 

The Masonry Society 

John Tawresey (Chairman), KPFF Engineers, Seattle, Washington 

Western States Clay Products Association 

Donald A. Wakefield, Interstate Brick and Ceramic Tile, West 
Jordan, Utah 

TC 6. Steel 

American Inst I tute of Stee.1 Construct I on 

Nestor W. Iwankfw, American Institute of Steel Construction, 
Ch i cago , I 1 1 i no 1 s 

American Iron and Steel Institute 

Harry W. Hartin ( Cha I rman) , Amer I can Iron and Stee 1 Inst I tute, 
Newcastle, California 

5oeceased. 
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American Society of Civil Engineers 

Horatio Allison, Allison, McCormac, and Nickolaus, Rockville, 
Maryland 

Building Seismic Safety Council 

Henry J. Oegenkolb, H.J. Oegenkolb Associates, San Francisco, 
Cal lforni a 

Robert 0. Hanson (Representative to the TMC}, University of 
Michigan, Ann Arbor 

lnteragency Conmlttee on Seismic Safety in Construction 

Manmohan 5. Chawla, General Services Administration, Washington, 
o.c. 

Metal Buildings Manufacturers Association 

Joe N. Nunnery, AHCA Buildings Division, Memphis, Tennessee 

Structural Engineers Association of California 

Egor P. Popov, University of California, Berkeley 

TC 7. Wood 

National Forest Products Association 

Thomas E. Brassell (Alternate Chairman and Alternate Representa
tive to the TMC), American Institute of Timber Construction, 
Englewood, Colorado 

American Plywood Association 

Kenneth R. Andreason., American Plywood Association, Tacoma, 
Washington 

American Society of Civil Engineers 

Thomas G. Wi 11 lamson, Lamfab Wood Structures, Indianapolis, 
Indiana 

Building Seismic Safety Council 

Edw i n G. Zacher (Chai rman and Representat i ve to the THC) , H J 
Brunnier Associates, San Francisco, California 
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Interagency Conmittee on Seismic Safety in Construction 

Bi 1 1 y Bohannan ( January-June 1987) , U.S. Fore st Service Forest 
Products Laboratory, Madison, Wisconsin 

Erwin L. Schaffer (June 1987-August 1988), U.S. Forest Service 
Forest Products Laboratory, Madison, Wisconsin 

National Forest Products Association 

Wallace A. Norum, National Forest Products Association, Mountain 
View, California 

U.S. Forest Products Laboratory 

Robert Falk, U.S. Forest Service Forest Products Laboratory, 
Madison, Wisconsin 

TC 8, Archftectural, ttechanlcal, and Electrical Systems 

American Institute of Architects 

John FI sher ( Representat Ive to the THC), Consu I tant, Portola, 
California 

American Society of Civil Engineers 

Bruce C. Olsen (Chairman), Consulting Engineer, Seattle, Washing
ton 

American Society of Heating, Refrigeration and Air Conditioning En
gineers 

Patrick Lama, Hason Industries, Hauppauge, New York 

Brick Institute of America 

Gerald A. Dalrymple, Brick Institute of America, Reston, Virginia 

Building Seismic Safety Council 

Donn Harter, California Glass Association, Bellflower, California 

lnteragency Conmlttee on Seismic Safety in Construction 

Delano Surdahl, Albuquerque Operations Office, Department of 
Energy, Albuquerque, New Hexfco 
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National Elevator Industry, Inc. 

George W. Gibson, Nati ona 1 E 1 evator Industry, Inc., Farmington, 
Connecticut 

Sheet Metal and Afr Conditioning Contractors' National Association 

Wa 1 ter Drown, Sheet Meta 1 and Air Cond It ion i ng Contractors' 
National Association, Los Angeles, California 

Structural Engineers Association of California 

Eugene Cole, Cole, Yee, Schubert and Associates, Sacramento, 
Cal ifornfa 

TC 9, Regulatory Use 

Associated General Contractors of America 

Cecil Mark, Mark Diversified, Sacramento, California 

American Institute of Architects 

David Bullen, American Institute of Architects, Washington, O.C. 

American Society of Civil Engineers 

Norton Renrner (Chairman), Consulting Engineer, Worcester, Massa
chusetts 

Association of Major City Building Officials 

Franklin Lew, City of San Francisco, California 

Building Officials and Code Administrators International 

Bob McCluer, Bldg Officials and Code Administrators International, 
Country Club Hills, Illinois 

Building Seismic Safety Council 

Vincent R. Bush (Representative to the TMC), Consultant, Walnut, 
Cal I fornla 

lnteragency Conrnlttee on Seismic Safety In Construction 

G. Robert Fu 11 er, Department of Hous f ng and Urban Oeve 1 opment , 
Washington, O.C. 
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International Conference of Building Officials 

Phillip C. Phillips, City of San Leandro, California 

National Council of States on Building Codes and Standards 

Dav Id Conover, Nati ona 1 Counc i l of States on Bu f Id i ng Codes and 
Standards, Herndon, Virginia 

Southern Building Code Congress International 

John R. Batt 1 es, Southern Bui l d f ng Code Congress I nternat i ona 1 , 
Birmingham, Alabama 
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BUIIDilU SEISMIC SAEEIY CllH::IL MEMBEBS 

AFL-CIO Build.ing and Cl:xlstruction Trades Depart:ment 
American Coocrete Institute 

American Q:lnsult.ing Eng.ineers Co.lncil 
American Co.lncil of Independent Laboratories, Inc. 

American Institute of Arch! tects 
American Institute of Steel Oxlstruction 
American Insurance Services Grrup, Inc. 

American Iron and Steel Institute 
American Plywood Association 

American Society of Civil Eng.ineers 
.AWlied Technology cruncil 

Associated General a:ntractors of America 
Association of Engineer.ing Geologists 

Association of Major City Build.ing Officials 
Association of the Wall and Ceil.ing Industries, International 

Brick Institute of America 
Build.ing Officials and Code Acininistrators, International 
Build.ing ·0o1ners and Managers Association, International 

califomia Geotechnial Engineers Association 
Carurdian National Ccmnittee on F.arililuake Eng.1neer.1ng 
Coocrete Masonry Association of califomia and Nevada 

Coocrete Reinforcing Steel Institute 
F.arililuake Eng.1neer.1ng Research Institute 

General Reinsurance C:Orp::>ration * 
Interage.ncy Ccmnittee en Seisnic Safety .in Construction 

International O::lnference of a.uld.ing Officials 
Masonry Institute of America 

Masonry Institute of Washing-too 
Metal B.Jilding Manufacturers Association 

Naticnal Associatioo of Hare a.rllders 
Natioo.al Association of lb.lsing and Redevel.opnent Officials 

Natiooal. Coocrete Mascnry Associaticn 
Natioo.al O::lnference of States on Building Codes and Standards 

National. Elevator Iooustry, Inc. 
Natianal Fire Sprinkler Association 

Natiooal. Forest Products Association 
Natianal Institute of Building Sciences 

National. Ready Mixed Coocrete ASsociatioo 
ooamna Masau:y Institute 

Pemlanent Ccmnissioo for structural Safety of Build.ings * 
Portland Cenen.t Associatiai 
Post-Tensioo..ing Institute 

Prestressed Coocrete Institute 
Rack Mamlfacturers Institute 

SOJthern Building COde OJngress Internatianal 
Steel Deck Institute, Inc. 

Steel Plate Fabricators Association, Inc. 
Steven W.inter Associates, Inc.* 

Structural Ehgineers Association of Arizona 
Structural Eng.ineers Associaticn of California 

Structural Engineers Association of Central California 
Structural Engineers Associaticn of Illinois 

structural Eng.ineers Associatioo of Northam California 
Structural Ehgineers Associatiai of san Diego 

Structural Engineers Association of 50.lthern California 
structural Engineers Associatioo of utah 

structural Ehg.ineers Association of Washingtoo. 
'11le Masau:y Society 

Western states cnmcil structural Ehg.ineers Associatioo 
Western states Clay Products Associatioo 

* Affiliate MElnbers 
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