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IIJILDING SEISfllC SAf£TY COUNCIL 

The Bui ldlng Seismic Safety Councl l (BSSC) Is an Independent, voluntary body that was 
established under the auspices of the National Institute of Building Sciences (NIBS) In 
1979 as a direct result of nationwide Interest In the seismic safety of bul ldlngs. Its 
rnent>ershiP (see inside back cover) represents a wide variety of but ldlng cOfflllUnlty In
terests. Its fundamental purpese Is to enhance public safety by providing a national forun 
that fosters Improved selSllllc safety provisions for use by the building catmUnlty In the 
plaMlng, design, construction, regulation, and utl 1 lzatlon of bul ldlngs.· To fulfl 11 Its 
purpese, the BSSC: 

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

• Reconmends, encourages, and promotes the adoption of appropriate seismic safety 
provisions In voluntary standards and model codes; 

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

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

• Promotes the development of training and educational courses and 111aterlals for use 
by design professionals, builders, building regulatory officials, Industry repre
sentatives, other rnenmers of the building Cc:>fllMJnlty, and the public; 

• Adv I ses government bod I es on the Ir programs of research, deve I 0Pfl9nt, and I mp I e
mentat I on; and 

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

The BSSC's area of Interest enc0111)8sses all building-type structures and Includes explicit 
consideration and assessment of the social, technical, acnlnlstratlve, pol It I cal, legal, 
and econan I c I mp l I cat Ions of I ts de 1 I berat Ions and recOlllllendat Ions. It be I I eves that the 
achievement of Its ,:,urpose Is a concern shared by al 1 In the publ le and private sectorss 
therefore, Its activities are structured to provide al 1 Interested entitles (for e~le, 
goverl'Vllent bodies at al 1 levels, voluntary organizations, business, Industry, the design 
profession, the construction Industry, the res•rch C0111Unlty, and the general public) with 
the cpportunlty to participate. The BSSC also believes that the regional and local differ
ences In the nature and magnitude of potentially hazardous earthquake events require a 
flexible approach to sel111lc safety that al lows for consideration of the relative risk, 
resources, and capabilities of each ~tty. 

The BSSC Is COIWlftted to continued technical lmprovenient of seismic design provisions, 
assessment of advances In engineering knowledge and design experience, and evaluatlon of 
earthquake lnipects. It recognizes that as>Proprlate earthquake hazard redJctlon measures 
and In It I at Ives shou 1 d be adopted by e,c I st Ing organ I zat Ions and Inst I tut Ions and I ncor
porated, whenftver possible, Into their legislation, regulations, practices, rules, codes, 
relief procedures, and loan requirements so that these 1Nesures and Initiatives become an 
Integral part of establ I shed activities, not additional burdens. The BSSC Itself assunes 
no standards-making and/or -pr01111lgatlng role; rather, It advocates that standerds-fort11.1la
tlon organizations consider BSSC reconnendlltlons for Inclusion Into their doc\lllents and 
standards. 
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t«>TE 

Those portions of the 1988 Edition of the 
Prov1s1ons that are substantively d_lfferent 
from the 1985 Edition are Identified In the 
margins as · follows: 

Additions 
or 

Revisions 

Deletions 

I 
Not highlighted are editorial changes and the 
terminology • changes required because of the 
change f n Se Ism I c Performance Category 
designations (from A, B-1, B-2, C, and Oto 
A, B, c, D, and E) and .the replacement of the 
"Selsmlclty Index" with explicit citations of 
velocity-related acceleration (Av>· 

A SlMIIMry of ~he differences between the 1985 
and 1988 Edition of the Prov1s1ons ts pre
sented as Append Ix B of th Is co• aentarv 
voh111e. 

xi 





Chapter I Coanentary 

<£NERAL PROVISIONS 

Chapter 1 provides general requirements for appl_ylng the analysis and 
design prov Is Ions contained f n Chapters 3 through 12 of the NEHRP 
Recommended Provisions. It Is similar to what might be Incorporated In 
a code as administrative regulations. 

A.I though Chapter 1 f s designed to be as c~tible as possible with 
normal code administrative provisions (especially as exemplified by the 
three national model codes}, ft fs written as the guide to use of the 
rest of the document, not as a regulatory mechanism. The word "shal I" 
fs used in the Provisions, not as a legal Imperative, but simply as the 
language necessary to ensure fulfillment of all the steps necessary to 
technically meet a minimum standard cf performance. 

It is i ~rtant to note that the NEHRP Reco11J1ended Prov 1 ~1 ons I s In
tended to serve as a source document for use by any Interested member 
of the building c00111Unlty. Thus, some users may alter certain Informa
tion within the Provisions (e.g., the determination of which use groups 
are Included within the higher Set sml c Hazard Exposure Groups ml ght 
depend on whether the user concluded that the generally more-demanding 
de£fgn requirements were necessary). It Is strongly emphasized, how
ever, that such "ta I 1 or Ing" shou 1 d be caref u 11 y cons I de red by h I gh 1 y 
qual I fled I ndf vi duals who are fully aware of al 1 the fmpl f cations of 
any changes on al I affected procedures In the analysis and design 
sequences of the document. 

Further, ft should be remembered that the HEHRP Reco•ended Provisions 
Is national In scope and presents minimum criteria. It Is not Intended 
to, nor does ft Justify, any reduction In higher standards that have 
been locally established, particularly In areas of highest sefsmlclty. 

Reference Is made throughout the document to decisions and actions that 
are delegated to unspecified authorities referred to as the "Regulatory 
Agency." The document f s Intended to be app 1 I cab I e to many d I ff erent 
types of Jurisdictions and chains of authority, and an attempt has been 
made to recognize situations where more than technical decision-making 
can be presumed. In fact, the document anticipates the need to estab-
1 I sh standards and approval systems to acconmodate the use of the 
document for development of a regulatory system. A good ex~le of 

I 

I 

• 



Sec. l.l 

thfs is fn Sec. 1.5, "Alternate Materfals and Methods of Constructfon," 
where the need for well-establfshed criteria and systems of testing and 
approval are recognfzed even though few such systems are fn place. In 
some instances, the dee f s i on-mak Ing mechan Ism ref erred to Is c 1 ear I y 
most logically the province of a bui ldfng · official or department; In 
others, it appears that the author ··t ty may be a I aw-mak f ng body such as 
a legislature or cfty council; In still others, the decisfons may be 
the province of a state or local polfcy-makfng body. The term "Regula
tory Agency" has been used to app 1 y to a I I of these ent It i es·. 

A good example of the need of keeping such generality In mind fs pro
vided by the California law concerning the desfgn and constructfon of 
schools. That law establishes requf rements for Independent special 
inspect I on approved and superv i sed by the Off Ice of the State Arch f -
tect, a state-level office that does not exist In many other states. 

l.l PURPOSE 

The goal of the NEHRP Recommended Provlslons fs to present crfterfa for 
the design and construction of buildings subject to earthquake ground 
motfons fn order to mfnfmlze the hazard to life for all bufldfngs, to 
Increase the expected performance of hf gher occupancy structures as 
compared to ordf nary structures, and to Improve the capabl I lty of 
essential facllftfes to function during and after an earthquake. The 
primary functfon of the Provisions fs to provide the minimum criteria 
cons f dered prudent and econom f ca 1 1 y just f ff ed for the protect f on of 
life safety In bufldfngs subject to earthquakes at any location fn the 
United States. The Provisions have been extensively reviewed and 
ba I I oted by the bu f. Id Ing conmun I ty and, therefore, are a proper source 
for the development of bufldfng codes fn areas of sefsmfc exposure. · 

Some design standards go farther than these provlsfons and attempt to 
mlnfmfze · damage as wel 1 as protect but ldlng occupants. For exans,le, 
Tftle 17 and Tftle 21 of Cal lfornla's Ad• lnlstratlve Code have added 
property protection In relation to the design and construction of 
hospitals and public schools. The NEHRP Recommended Provls1ons docu
ment genera 11 y cons f der.s property damage as It re 1 ates to occupant 
safety for ordf nary buf ldlngs. For hfgh occupancy and essentfal 
facflftfes, the damage limitation criteria are more strict In order to 
better provide for the safety of occupants and the continued functfon
ing of the faclll~y. Some structural and nonstructural damage can be 
expected as a result of the "design ground motfons" because these 
provisions allow fnelastlc energy dissipation by utilizing the defor
mabllfty of the structural system. For ground motions fn excess of the 
design levels, the Intent is that there be a low 1 lkel fhood of col
lapse. 

It must be et11Jhas I zed that abso I ute safety and no damage even f n an 
earthquake event with a reasonable probability of occurrence cannot be 
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Sec. 1.1 

achieved economically. The objective of these provisions Is therefore 
to present the minimum requirements to provide reasonable and prudent 
life safety for building occupants. For most structures designed and 
constructed according to the Provisions, ft is expected that structural 
damage from even a major earthquake wou Id 1 Ike 1 y be repa I rab 1 e; how
ever, this would depend upon a number of factors Including the type, 
materials, and details of construction actually used. 

Because of the complexity of and the great number of variables Involved 
fn seismic design (e.g., the dynamic characteristics of the structure 
and the varlabl l fty In ground motion, intensity of the earthquake, 
distance to the epicenter of the seismic disturbance, and soil type), 
these provf sfons detaf 1 only the minimum criteria In general terms. 
Thus, the exper fenced structura 1 engineer is re 1 I ed upon to exerc f se 
Judgment In interpreting and adapting the baste principles to a specif
ic project. 

The Provisions are appl f caole 1n al 1 sections of the United States 
exposed to earthquake ground mot f ons because the "des I gn earthquake" 
ground motions are based on an estimated 90 percent probabflfty of not 
be Ing exceeded f n a SO-year per I od. Th fs fs f n keep f ng w I th that 
prov I ded for other natural hazards such as wf nd, snow, and floods. 
However, ft must be emphasized that larger earthquakes are possible and 
may occur durfng the life of a structure. 

In some areas, the "probable" and the "maximum lntensfty" earthquake 
are approximately the same, but this Is not true fn many other earth
quake-prone parts of the country. In the central and eastern Unfted 
States, the "max I min I ntens f ty" earthquake often may be two or more 
times larger than the "probable" earthquake. Although the probability 
of the "max I mum" event's occurr Ing dur f ng a structure's 11 fe Is very 
smal 1, It can nevertheless occur at any time and most certainly wl 11 
occur sometime In the future. In order to quantify this posslbl11ty, 
two sets of maps are presented, one set gt vfng accelerations and 
velocities with 90 percent probabf 1 ftf es of not bet ng exceeded In 50 
years and another set gfvfng accelerations and velocltles with 90 
percent probabflftles of not being exceeded In 250 years. Use of these 
maps wl 11 help regulatory· agencf es to ratlonal ly appraise the pos
s f bf I f ty that I arger earthquakes w f 11 occur and to mod I fy the Prov 1-
s f on s accordfngly. Alternatlve actions could Include obtaining a 
spec If f c sf te eva I uat I on, I gnor f ng the recomnended "cap" 1 eve I , or 
using the longer structural life risk level map as the case may be. 

Where damage control f s desfred, the design must provide not only 
sufficient strength to resist the specified seismic loads but also must 
provide the proper stiffness to llmft the lateral deflection. Damage 
to nonstructural elements may be minimized by proper I Imitation of 
deformations; by careful attention to detail; and by providing proper 
clearances for exterior cladding, glazing, partitions, and wall panels. 
The nonstructural elements can be separated or floated free and allowed 
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Sec. l.l/Sec . l.2 

to move Independently of the structure. If they are tied rigfdly to 
the structure, these e 1 ements shou 1 d be protected from deformat Ions 
that can cause crack f ng; otherwise, one must expect such damage. It 
should be recognized, however, that major earthquake ground motfons can 
cause deformations much larger than the specified drift limits in these 
provisions. 

Where prescribed wfnd loading governs the stress or drfft design, the 
resist f ng system must st f 11 conform to the spec J a 1 requ I rements for 
se f sm f c systems. This is required f n order to res I st, In a duct 11 e 
manner, potential sefsmic loadings In excess of the prescribed loads. 

The proper continuous load path Is an obvious design requirement for 
equilibrium, but experience has shown that it often Is overlooked and 
that sf gn if I cant damage and co 11 apse can resu It. The bas f s for th Is 
design requirement fs twofold: 

• To ensure that the design has fully Identified the particular 
lateral force resisting system and its appropriate design 
level and 

• To al low the design basts to be fully Identified for the -
purpose of future modifications or changes In the structure. 

Detailed requirements for selecting or Identifying and designing this 
load path are given in the appropriate design and materials chapters. 

1.2 SCOPE 

The scope statement establishes In general terms the appllcabflity of 
the Provisions as a base of reference. Certafn buildings are exel'f1)ted 
and need not comply: 

• Buildings for agricultural use are generally excepted by most 
regu 1 at Ions from code requ I rements because of the excep
tf onal 1 y low risk to life Involved. 

• Normal one- and two-family dwellings in areas with the coef~ 
ffclent Av less than 0.15 (v less than 12 for the "Appendix to 
Chapter 1 ") are excepted because they represent except i ona 11 y 
low risks (see Sec. 1.4.1). 

Ex f st f ng bu i 1 d I ngs, except additions thereto or changes of occupancy 
therein, are not wtthfn the scope of the Provisions. FEHA ts currently 
( 1988) sponsoring work on the mitigation of the seismic hazard to 
existing buildings; for Information, write FEHA, Earthquake Programs, 
Washington, O.C. 20472. 
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Many other types of structures require setsmtc design procedures that 
are beyond the scope of these prov 1 sf ons. Structures such as power 
plants, bridges, dams, retaining walls, docks, and off - shore platforms 
requl re special design criteria. When a particular structure Is not 
w I th In a group treated by these prov I s Ions, the structura I eng i neer 
must es tab 1 I sh er I ter I a to su It the spec I a 1 requ I rements for perfor
mance and reliability. 

These provisions are not written to prevent damage due to earth slides 
(such as those that occurred In Anchorage, Alaska) or to liquefaction 
(such as occurred In Nffgata, Japan). They provide for only minimum 
required resistance to earthquake ground-shaking, without settlement, 
slides, subsidence, or faulting In the inmediate vicinity of the struc
ture. 

1.3 APPLICATION OF PROVISIONS 

The requl rements for appl icatlon of the provisions fn Chapters 2 
through 12 to new bul ldings, additions to existing bul ldfngs, and 
change of use are established fn this section. 

1.3.l New Buf ldf ngs 

A s I mp 1 e procedure is estab 11 shed for one- and two-story wood frame 
dwel 1 lngs f n regions of higher selsmlcfty. Although some control is 
necessary to ensure the Integrity of such structures, ft Is felt that 
the requirements of Sec. 9.3 and 9.7 are adequate to provide the safety 
requ I red based on the h I story of such frame construct f on--espec fa 11 y 
low structures--fn earthquakes. 

1.3.2 Additions to Existing Bui ldlngs 

Requirements for addltfons--both horizontal and vertlcal--are written 
on the basis that the Provisions do not Include criteria for altera
tions and repairs to existing buildings.I 

This section has been included to cover specifically the cases where 
additions are made to existing buildings. The intent ts that the addf-

lThe 1985 Edition of these NEHRP Recouended Prov1s1ons included a 
third part that presented provisions covering existing buildings. 
These prov I st ons were deve I oped by the App 1 f ed Techno 1 ogy Counc I I. (ATC) 
and published In ATC Report 3-06, Tentative Prov1s1ons for the Develop
ment of Se1sm1c Regulations for New Su11d1ngs ( 1978). They were In
c 1 uded with the 1985 Edition only as guidance for those Interested In 
existing bufldfngs. 
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tlon as well as the existing buf lding be made to comply with the 
Provisions unless the addition Is structurally independent of the 
existing building. Where the addition Is not independent of the 
existing building, thfs section permits an Increase of up to 5 percent 
of the mass contributing to seismic forces In any elements of the 
existing building without bringing the entire building Into conformance 
with this document. 

1.3.3 Alterations, Repairs, and Change of Use 

Al though the Provisions do not apply to the alteration or repa Ir of 
existing buf ldfngs, it Is strongly reconmended that changes to an 
existing building: 

I. Should not reduce the lateral force resistance of the build
ing, 

2. Should provide for the seismic forces required by the Provi
sions, or 

3. Should comply with legally adopted provisions regulating the 
repair and rehabilitation of existing buildings as related to 
earthquake resistance. 

When a change In use results fn a change to a higher Seismic Hazard 
Exposure Group, the building must be made to conform to the Provisions 
for the new Seismic Hazard Exposure Group. 

1.4 SE I Stl IC PERf'ORttANCE 

The requirements for analysts and design of buildings presented In the 
Provisions are based on a sel smic hazard criterion that reflects the 
relationship between the use of the building and the level of shaking 
to which ft may be exposed. This relationship primarily reflects con
cern for 1 f fe safety and, therefore, the degree of exposure of the 
public to hazard based on the measure of risk. 

The purpose of Sec. 1.4.1 and 1.4.2 Is to provide the means for estab
lishing a measure of seismic risk for a building of any use group and 
fn any area of the United States. Based on this measure, the key to 
the appl f cation of the Provisions, Including when qua I lty assurance 
procedures are requl red (Sec. 1.6), Is I dent lff ed. This key Is the 
Seismic Performance Category of Table 1-2 (Table lA-2 for the "Appendix 
to Chapter 1"). 
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Sec. 1.4.l (Des1gn Ground ftot1ons} 

Design Ground Notions 

Thfs portion of the Commentary provides the background for Sec. 1.4.1 
as we11 as for the sefsmfc design coefffclent, Cs, fn Sec. 4.2. 

There are several reasons why the earthquake ground-shakfng for desfgn 
cannot be achieved solely by following an agreed-upon set of scfentific 
prfnclples: 

I. The causes of earthquakes are not yet fully understood, and 
experts do not agree on how the know 1 edge that ts ava f 1 ab 1 e 
should be Interpreted to specify ground motions for use in de
sign. 

2. To achfeve workable building code provisfons, ft ts necessary 
to sf mp 1 f fy great 1 y the enormous 1 y comp 1 ex matter of earth
quake occurrence and ground motions. 

3. Any specfffcatfon of design ground-shaking lq:,lles a bal
ancfng of the risk of that motion's occurrfng against the cost 
to society of requfrlng that structures be designed to wfth
stand that motfon. 

Hence, judgment, eng i neer f ng exper f ence, and po I It f ca I w fsdom are as 
necessary as scfence. In addition, the desfgn ground-shakfng does not 
by ftself.determfne how a structure wfll perform during a future earth
quake; there must be a balance between the specffied shaking and the 
rules used to translate that shakfng fnto a desfgn. 

The recomnended reg i ona 1 f zat I on maps and se I sm f c des f gn coef ff c f ent s 
are the result of the collective judgnent of several c011111lttees that 
prepared the original 1978 ATC report, based upon the best scfentiflc 
knowledge available In 1976, adjusted and tempered by experience and 
Judgment. It was expected, however, that the maps and coefficients 
would change with time as the professfon gained more knowledge about 
earthquakes and the f r resu 1 ting ground motions and as soc I ety ga f ned 
greater Insight Into the process of establishing acceptable risk. The 
first sfgnfflcant such changes are Included In the "Appendix to Chapter 
1" ·fn the 1988 Edition of the Prov1s1ons. Thfs appendix, whfch In
cludes new maps and necessary adjustments fn coefficients for the use 
of those maps,· f s d fscussed In the f i na 1 sect I on of th Is "Chapter 1 
C011111entary." The rema I nder of th ts sect I on str Ives to exp 1 a In the 
bases for the various original rec011111endations as a guide both to the 
user of the Prov1s1ons and to those who will continue to fq:,rove the 
Prov1s1ons In the future; ft does not address the "Appendix to Chapter 
1. n 
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Sec. l.4.l (Pol1cy Dec1s1ons) 

Polley Decisions 

The recOITlllended ground-shaking regionalfzatfon maps are based on sever
a 1 po 1 icy dee f s ions, the f I rst two of wh f ch are departures from past 
practice fn the United States. 

The first dee Is f on was that the d I stance from antic f pated earthquake 
sources should be taken into account. This decision reflects the 
observation that the higher frequencies fn ground motion attenuate more 
rapidly with distance than the lower frequencies. Thus, at distances 
of 100 km or more from a major earthquake, flexible buildings may be 
more seriously affected than stfff buildings. To acc001Jlfsh the objec
tive of thfs pol fey decision, it proved necessary to use two separate 
ground motion parameters and, therefore, to prepare a separate map for 
each. 

The second policy decision affecting the maps was that the probabflfty 
of exceeding the design ground-shaking should be roughly the same in 
all parts of the country. Thus, the HEHRP Recommended Provisions maps 
are different from other zon f ng maps used f n the United States that 
have been based on estimates of the maximum ground-shaking experienced 
during the recorded hfstorfcal perfod without consideration of how 
frequently such motions mfght occur. There fs not unanimous agreement 
fn the professfon with this pol fey decfsfon. In part, this lack of 
agreement reflects doubt as to how wel 1 the probabf 1 tty of ground 
motion occurrence can be estimated wfth today's knowledge and disagree
ment w I th the spec f ff c procedures used to make the est f mates rather 
than any true disagreement with the goal. Further, it really is the 
probability of structural failures with resultant casualties that Is of 
concern, and the geographical dfstrlbutfon of that probabflfty fs not 
necessarily the same as the dlstrfbution of the probability of exceed
ing some ground motfon. (This point Is discussed further below under 
"1mplfed Rfsk.") Thus, the goal as stated Is not necessarily the Ideal 
goal but fs judged to be the most workable goal for the present tfme. 

The second po 1 I cy dee fs I on f mp 1 f es that the des f gn ground-shak f ng I s 
not necessarily the most Intense motion that might conceivably occur at 
a 1 ocat f on. Th Is f s not a new f dea for past codes f mp 1 fed the same 
thing; however, it does seem wise to state the matter very clearly: It 
Is possfble that the desfgn earthquake ground-shaking might be exceeded 
durfng the life of the structure--although the probabflfty of this 
happenf ng fs qufte ~mal 1. In thfs respect, several points must be 
emphasized: 

• Considering the signfffcant cost of designing a structure for 
extreme ground mot Ions, ft f s undes f rab 1 e to requ f re such a 
design unless there fs a sfgnfffcant probabi 1 ity that the 
extreme motfon wfll occur or unless there fs a particularly 
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Sec. 1.4.1 (Policy Decisions/Design Earthquake Ground ffotion) 

severe pena 1 ty ass9c fated w f th the fa 11 ure or nonfunct I on i ng 
of the structure. 

• A bu 11 d f ng proper 1 y des f gned for a part f cu I ar ground mot f on 
will provide considerable protection to the lives of occupants 
during a more severe ground motion. 

• Even ff ft were desirable to design for the "extreme" or 
"maximum credible" ground motfon, ft Is not yet possible to 
get agreement on how t ntense th ts mot I on m f ght be. Th f s I s 
especially true for the less seismic portions of the country. 

The th I rd Important po 1 I cy dee f s f on, wh I ch a 1 so_ I s not new, was that 
the regfonalfzatfon maps should not attempt to mfcrozone (I.e., there 
was to be no attempt to locate actual faults on the regional fzatfon 
maps, and variations of ground-shaking over short dfstances--on a scale 
of about 10 mt les or less--were not to be considered). Such micro
zoning must be done by experts who are familiar with localized condf
tfons, and there are many local Jurisdictions that should undertake it, 
a point that ts discussed further below. 

Dest~ Eart~e Ground Notion 

The previous di scussfon referred to "design ground-shaking" without 
being specific as to the meaning of the phrase. Precise definition fs 
difficult ff not Impossible but the concept Is straightforward enough. 
The "design ground-shaking" for a location Is the ground motion that an 
architect or engineer should have In mind when desf gnf ng a but I ding 
that ts to provide protection for lffe safety. 

At present, the best workab 1 e too 1 for descr f bf ng the des I gn ground
shak f ng ts a smoothed e 1 ast f c response spectrum for s Ingle degree
of-freedom systems (Newmark and Hall, 1969). Such a spectrum provides 
a quantitative description of both the intensity and frequency content 
of a ground motfon. Smoothed elastf c response spectra for 5 percent 
damping were used as a baste tool fn the development of the regfonal
fzatfon maps and to Include the effects of local ground conditions. In 
effect, the second pol fey decf sfon was reinterpreted to mean for al 1 
locations roughly equal probabl 1 tty of exceeding at al 1 structural 
periods the ordinates of the design elastic response spectrun for that 
location. Again, thl s statement should be looked upon as a general 
goal and not as one that can be strictly met on the basts of present 
knowledge. 

This does not mean that a building must necessarily be designed for the 
forces Implied by an elastic response spectrum. Later fn this discus
sion ft will be explained how, for purposes of the Provisions, elastic 
response spectra were converted Into a formula for seismic design coef
ficient. For structures that can safely strain past their yield point, 
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sec. 1.4.l (Design Earthquake Ground Motion/Ground Motion Paraaeters> 

the forces determ I ned t n accordance wt th Sec. 4. 2 are s I gn t f I cant 1 y 
sma 1 1 er than those that wou 1 d be determ I ned from the correspond t ng 
elastfc spectrum. However, the desfgn engineer should keep the prob
able desfgn ground motfon tn mind. 

A smoothed elastic response spectrum ts not necessarily the fdeal means 
for describing the design ground-shaking. It might be better to use a 
set of four or more acceleration tfme hfstorfes whose average elastic 
response spectrum Is similar to the design spectrum. Thfs approach may 
be desirable for but !dings of specfal f~rtance but Is not feasible 
for the vast majorfty of but ldtngs. The use of a single tfme history 
genera 11 y f s not adequate. Th Is emphas I zes that the des I gn ground
shak f ng Is not a single motion but rather a concept that encompasses a 
famf ly of motions having the same overal 1 lntensfty and frequency 
content but dffferlng In some potentially l~rtant detafls of the tfme 
sequences of motions. 

A sfgnfffcant deflcfency of the response spectrum ts that ft does not 
by Itself say anything about the duration of the shaking. To the 
extent that duration affects elastic response, It Is accounted for by 
the spectrum. However, the major effect of duration ts upon possible 
loss of strength once a structure ytelds. Although duratfon effects 
were not consfdered expl lcltly fn drawing up the Provisions, In a 
general way . It was envlsfoned that the destgn ground-shaking might 
have a duration of 20 to 30 seconds. The posslbtltty that the design 
mot ton mtght be longer fn highly sel smtc areas and shorter In less 
seismic areas was one of the conslderatfons that Influenced the assign
ment of Seismic Performance Categories In Sec. 1.4. 

Ground Notion Paraeters 

In developfng the desfgn provfslons, two parameters were used to char
acterfze the Intensity of desfgn ground-shakfng. These parameters are 
cal led the Effective Peak Acceleration (EPA), A8 , and the Effective 
Peak Velocfty (EPV), Av. These parameters do not at present have 
prec f se deft n It f ons t n phys t ca 1 terms but the f r s I gn I ft cance may be 
understood from the followfng paragraphs. 

EPA and EPV can best be understood by considering them as non11Bllztng 
factors for construction of smoothed elastfc response spectra (Newmark 
and Ha 11 , 1969) for ground mot Ions of nonna 1 du rat ton. The EPA f s 
proportional to spectral ordfnates for perfods fn the range of 0.1 to 
0.5 second whf le the EPV Is proportfonal to spectral ordinates at a 
perfod of about 1 second (NcGufre, 1975). The ratio (for a 5 percent 
~ spectrum) of the spectral response ordfnate at the appropriate 
period to the EPA or the EPV fs set at a standard value of 2.5 fn both 
cases. 
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Sec, 1.4.l (Ground ftot1on Parameters) 

For a specific actual ground motion of normal duration, EPA and EPV can 
be determ I ned as I 11 ustrated f n Ff gure C 1-1 • The 5 percent damped 
spectrum for the actual motion is drawn and fftted by straight 1 ines 
at the periods mentioned above. The ordinates of the smoothed spectrum 
then are divided by 2.5 to obtain EPA and EPV. The EPA and EPV thus 
obtained are related to peak ground acceleration and peak ground 
ve I oc I ty but are not necessar I 1 y the same as or even proport Iona 1 to 
peak acceleration and velocity. 
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Sct1.ellllltlc representation showing how EPA and EPY 

are obtained frca a response s,,ectrta. 

When very high frequencies are present fn the ground motion, the EPA 
may be significantly less than the peak acceleration. This ts consis
tent w I th the obs er vat f on that chopp f ng off the hf ghest peak i n an 
acceleration time history has very little effect on the response 
spectrum computed from that motion, except at periods much shorter than 
those of Interest fn ordinary building practice. Furthermore, a rigid 
foundation tends to screen out very high frequencies In the free-field 
motion. On the other hand, the EPV generally will be greater than the 
peak velocity at large di stances from a major earthquake (McGuire, 
1975). Ground motions Increase fn duration and become more periodic 
with distance. These factors will tend to produce proportionally 
larger Increases In that portion of the response spectrum represented 
by the EPV. 
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Sec. l.4.1 (Ground ffot1on Parameters/Rap for EPA) 

If an earthquake Is of very short or very long duration, ft Is neces
sary to correct the EPA and EPV va I ues to more c 1 ose 1 y represent the 
event. It Is well documented that two motfons having dffferent dura
tions but slmflar response spectra cause different degrees of damage, 
the damage befng less for the shorter duration. In partfcular, there 
have been numerous f nstances where mot f ons w f th very 1 arge acce 1 era
t f ons and short duratfons have caused very lfttle or even no damage. 
Thus, when expressfng the slgnfflcance of a ground motion to design, It 
I s apprapr fate to decrease the EPA and EPV obta I ned from the e I ast f c 
spectrum for a mot f on of short durat Ion. On the other hand, for a 
motion of very long duration, ft would be approprfate to Increase the 
EPA and EPV. There are at present, however, no agreed-upon procedures 
for determl n Ing the appropr fate correct f on; It must be done by Judg
ment. 

Thus, the EPA and EPV for a mot I on · may be e I ther greater or sma 11 er 
than the peak acceleration and velocity although the EPA generally will 
be smaller than peak acceleration while the EPV wfll be larger than the 
peak velocity. Despfte the lack of precise definitions, the EPA and 
EPV are valuable tools for taking Into consideration the Important fac~ 
tors relating ground-shaking to the performance of a building. 

At any spec If I c 1 ocat I on, e I ther the EPA or the EPV may govern the 
desfgn of a bul ldfng. In general, however, It fs desirable to know 
both values. 

For purposes of computfng the lateral force coefficient In Sec. 4.2, 
EPA and EPV are replaced by dimensionless coeffic ients, Aa and Av 
respectfvely. Aa ts numerical ly equal to EPA when EPA fs expressed as 
a decimal fraction of the acce leration of gravity (e.g., ff EPA= 0.2g, 
then Aa = 0.2). Av Is proportional to EPV as explained below in the 
dfscussfon of "Implied Rfsk." 

Nap for EPA 

The deve 1 opment of a map for EPA for the cont I guous 48 states was 
facilitated by the w6rk of Algermfssen and Perkins (1976). Their map 
(Figure Cl-2) Is based on the principles of seismic risk (Cornel 1, 
1968; Algermlssen and Perkins, 1972). 

Several steps are fnvolved In the preparation of such a map: 

• Source zones and faults, In which or along which significant 
earthquakes can occur, are Identified and brought together on 
a source zone map. 

• For each source zone or fault, the rate at which earthquakes 
of different magnl tude can occur and the maximum credlbl e 
magnitude are estimated. 

12 



f/f 

-I.I.I 
111 

'I 

... 

.. 

... 

• 

Preliminary Map of 
Horizontal Acceleration (Expressed As Pwc•nt Of 

Gravity) In Rec~ With 90 Pwcent Ptobobility 
01 Not Bolng E..:-0 In !SO Ytors 

n-. W.1NPllll!ft ,lc;,u1i1ttttlo,I, w• TM CO ltrwc,- ~' A--o The 
Son MG1 H1, Mill Gaoocl , .. .... .. Ill Cah f..-fh O It. 90 ..... c • • Of. 

11.Jt"'t l"-11 Al .... ,.,. Cit",.,.. DI Sc,...,.. 6"" :S..0 , ,_ ,,s1 

u.s. Gao109,ca1 Su,-.e, °""•'ii• .._,.,, 76-411, 1915 ··~-··--·--·-·•-llo .. _..,(_, __ ~,---• ............ 
. ... , . , • I I I C 0 

... 

FIGURE Cl-2 

Sel•lc risk aap developed by Algeralssen and Perkins. 

t, 

'• 

I, 

... 
.. 

~ 

... 
.. 
.. 
... 

~-

.. 

~ 

" 
~ 

~ 
0 

.... 

.... . .... 
=IIIJ 

..,.. 
0 ., 
tit, 

;: 



Sec. 1.4.l (Map for EPA) 

• Attenuation laws are used to give the Intensity of shaking as 
a function of magnitude and dfstance from an epicenter. 

• With the for ego Ing i nformat I on as Input, a computer program 
based on probabilistic principles can generate values that are 
then used to produce contours of locations with equal proba
bilities of receiving specific fntensitfes of ground-shaking. 

Algermlssen and Perkins rel led prlmarl ly on historical selsmicity ad
justed, where possible, by geological and tectonic information. The 
A 1 germ I ssen-Perk Ins map shows contours of peak acce 1 erat I on on rock 
that have a 10 percent probability of being exceeded in 50 years. 

A contour map for EPA for the cont I guous states was deve 1 oped dur Ing 
the Applied Technology Council study (1978} that led to development of 
these provisions and is given In Figure Cl-3. (This map was later con
verted Into the map in Figure 1-1 of Chapter 1 by shifting contours to 
1 I e a 1 ong county 11 nes; see the d I scuss I on of county-by-county maps 
below.} It gives EPA for firm ground, which Includes shale deposits of 
stiff cohesive soils and dense granular soils as well as rock. 

The map of EPA Is fn many ways quite similar to the Algermfssen-Perklns 
map and, indeed, was influenced by prel lmlnary versions of that map. 
In adapt f ng a map such as the A.1 germ I ssen-Perk ins map to the purposes 
of the Provisions, It was necessary to Judge how acceleration as used 
in the fr study Is re I ated to EPA and how the "rock" of their study 
relates to the "firm ground" of the NEHRP Recommended Provisions. To 
produce a map appropriate as a basis for design ft is desirable to use 
smoothed contours and, further, it Is necessary to decide how to treat 
an area (e.g., New England and the Hfddle Atlantic states} where. the 
accelerations In the Algermlssen-Perkfns map lie Just below one of the 
awltrarlly selected contour levels. Seismologists from various parts 
of the country were asked to c011Y11ent on proposed vers Ions of the EPA 
map and suggested what were, In effect, alternate versions of the 
source areas. A 1 so stud I ed were other proposed maps--prepared from 
data In Culver et al. ( 1975} and publ lshed by Wiggins et al. ( 1977}, 
Foss (1977), and others, using similar principles but different Inter
pretations of hfstor.fcal sefsmlclty and geological evidence. Al 1 of 
this evidence was taken Into account where deemed appropriate by 
adjusting the locations of contours for EPA. Figure Cl-3, having 
literally been drawn by a c011Y11lttee, lacks some of the internal consis
tency of the Algerml ssen-Perkfns map but was judged to provide the 
best current estimate of the geographic variation of EPA for purposes 
of design. 

Perhaps the most slgnfflcant difference between Figures Cl-2 and Cl-3 
occurs In the area of highest sefsmfcfty In Cal lfornfa. Within thl s 
region, the Algermfssen-Perklns map has contours of 0.6g. On the other 
hand, the map for EPA has no values higher than 0.4g. There are sever
al reasons for this difference, all contributing to the decision to 
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FIGl&: Cl-3 

Contour_, for effective peak acceleration (EPA) coefficient, Aa• 
for the continental United States. 

Note that the nulbers on the contours are values of EPA In units of acceleration or 
gravity. They were used to prepare figure 1-1 In Chapter I of the Provisions. 
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Sec. 1.4.l (ftap for EPA) 

1 fmtt EPA to 0.4g. One factor f s the baste difference between peak 
acce 1 erat ion and EPA. There is doubt among many profess f ona 1 s that 
large earthquakes wfll cause very large accelerations except in qufte 
localtzed spots fnfluenced by topography. Many also believe that there 
f s an upper 1 f m It to the acce 1 erat f on that can be transm f tted even 
through dense soi 1 • There Is a 1 so the argument that a bu f l d t ng code 
requiring design for an EPA greater than 0.4g wi 11 not really bring 
about more earthquake-resistant construction. Ffnal ly, while by the 
formal logic used to establish EPA there may be locations Inside of the 
0.4g contour where higher values would be appropriate, contouring such 
sma 1 l areas wou 1 d amount to m f crozon Ing. In short, the dee I s I on to 
limit the EPA to 0.4g was based in part on scientific knowledge and in 
part on judgment and compromise. 

Figure Cl-4 presents maps of EPA for Alaska, Hawaii, and Puerto Rico. 
In these areas, no stud I es of the type produced by Al germ i ssen and 
Perkins were available; however, there had been conducted a number of 
seismological studies and seismic risk analyses in connection with the 
A 1 askan p I pe 1 I ne, proposed nuc 1 ear power p 1 ants, etc. There a 1 so 
existed past and proposed seismic zoning maps. All of this information 
was used to construct maps of EPA that were judged to be consistent 
with the map for the contiguous 48 states. 

It has already been noted that the Algermlssen-Perkfns map was heavily 
influenced by ' hlstorfcal selsmicfty--that Is, by the pattern of earth
quakes that have occurred during the past 150 years (on the West Coast) 
to 350 years (on the East Coast). Where there was sol Id geologtcal 
evfdence that thts rather short perfod of history might be misleading, 
this ev f dence was incorporated f nto the source mode 1 • This approach 
means that areas wh 1 ch have not exper 1 enced s I gn If I cant earthquakes 
durtng the historical period, and for whtch there is no solid geologi
c.a 1 bas Is for suspect Ing that such earthquakes mf ght occur end up 
being designated as areas of low seismic rtsk. Careful examfnatfon of 
old earthquake records Is necessar ·y; however, some h I stor I c events fe 1 t 
In one l ocat f on and recorded as be Ing centered f n that l ocat I on may 
actually have been a larger distant event. These same difficulties 
app 1 y to the map of EPA, al though some geo 1 og I ca 1 and se I smo 1 og f ca 1 
stud I es did lead to the EPA bef ng increased f n some parts of the 
country where the hf storl cal record alone would Indicate low sef s
mf city. 

Critics of the seismic risk approach rightfully argue that the hf s
torlcal record Is far too short to Justify the extrapolations inherent 
in the approach. Horeover, the most widely used procedures assume that 
large earthquakes occur randomly in tfme so that the fact that a large 
earthquake has Just occurred In an area does not make It 1 ess 1 I k"" 1 y 
that a 1 arge earthquake w f 11 occur next year. In 1 t ght of current 
understanding of earthquake occurrences, this assu"1)tion Is of limited 
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Sec. 1.4.l {Map for EPA) 

ALASKA 

PUERTO RICO 
HAWAII 

FIGURE Cl-4 
Contour mp for effective peak acceleration (EPA) coefficient. Aa• 

for Alas~, ..._,,. and Puerto Rico. 
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Sec. l.4.l (Nap for EPA/Nap for EPV) 

va 1 id i ty. However, at present there i s no workab 1 e a 1 ternat i ve ap
proach to the construction of a seismic design regionaltzatton map that 
comes close to meeting the goal of the second policy decision. 

Nap for EPV 

No general mapping study ts currently available for EPV. Hence, the 
maps for EPV (Figures Cl-5 and Cl-6) were constructed by modifying the 
map for EPA using the principles described below. 

Since EPV is velocity, it Is appropriately expressed fn units such as 
inches per second. For ease in developing the formulas In Sec. 4.2, It 
proved desirable to also express EPV by a dimensionless parameter <Av> 
that is an acceleration coefficient. This parameter is referred to as 
velocity-related acceleration coefficient. Figures Cl-5 and Cl-6 show 
contours of Av- The relationship between EPV and Av Is as follows: 

Effective Peak Velocity 
(ln./sec) 

12 
6 
3 
1.5 

Velocity-Related Acceleration 
Coefficient, Av----

0.4 
0.2 
0. 1 
o.os 

The first step was to assume that the e 1 ast I c response spectrum for 
firm ground wou 1 d app 1 y a I ong the contours for EPA = 0. 4g In Ft gure 
Cl-3. The shape of this response spectrum, as described below, was 
obtained from analyses of actual strong motion records at distances of 
20 to 50 ml Jes from moderate to large earthquakes In Cal lfornia·. If 
EPA = O. 4g, it is necessary to have EPV = 12 inches per second to 
construct this spectrun. 

A similar assumption was made for all the peaks of the contour map for 
EPA--that ts, at all locations where a contour gives the highest EPA tn 
a regton. For example, the EPV was set at 3 inches per second along 
the contour for EPA= O.lg tn the vicinity of the Appalachian Mountains 
and South Carolina. 

A study by McGuire (1975) based on strong motion records In California 
has provided data concerning the attenuation of EPV with distance. For 
an earthquake of 1 arge magn I tude, It was found that the d I stance re
qui red for EPV to decrease by a factor of 2 is about 80 miles. Thus, 
in the western part of the country, the contours for EPV = 6 Inches per 
second were located at a distance of about 80 miles outside of the con
tours for EPV = 12 inches per second. Sfmt larly, In Washf ngton and 
Utah where the h I ghest contour Is at O. 2g, correspond Ing to EPV = 6 
f nches per s.econd, the next contour for EPV = 3 f nches per second was 
located about 80 miles away. 
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FIGURE CJ-5 

Contour aap for effective peak velocity-related acceleration (EPV) 
coefficient. Av• for the continental lklited States. 

Note that the contours show values of Av for use in Eq. CI-I. 
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Sec. 1.4.1 (Nap for EPV) 

Lae-"14 tr T 

ALASKA 

HAWAII PUERTO RICO 

FIGURE Cl-6 
Contour IIBP f'or ef'f'ectfve peak velocfty-related acceleratfon (EPV) 

coef'ff cf ent, Av, for Alaska, Hawaf f. and Puerto Rfco. 
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Sec. l.4.l (Map for EPV/Risk Associated with EPA and EPV} 

The strong-mot I on data ava I 1 ab 1 e to HcGu I re were 1 nadequate beyond a 
dfstance of about 100 miles. To estimate the attenuatfon of EPV beyond 
th f s d I stance, ft was assumed that EPV at 1 arge di stances from an 
earthquake f s re 1 ated to mod If I ed Herca 11 f i ntens f ty ( MM I ) • It was 
further assumed that the 1 ogar I thm of EPV wou 1 d be 1 f near 1 y propor
t f ona 1 to HM I • Data from 1 arge earthquakes f n Ca 1 I forn fa suggested 
that HMI decreased roughly linearly wfth distance, which would trans
l ate Into EPV cont f nu f ng to ha 1 ve at equa 1 increments of d I stance. 
Thus, the contours subsequent to those located as described above also 
were spaced at about 80 miles. 

For the Midwest and East, ft was necessary to rely entirely on Informa
tion about the attenuation of HHI (Bollinger, 1~76). It appears that 
MN I decays 1 ogar f thm I ca 11 y w I th d I stance and that for the ff rst l 00 
mf les from a large earthquake the attenuation In these regfons Is 
roughly the same as In the West. Thfs would Imply that the distance 
required for EPV to halve Increases with distance. Thus, starting from 
the contour for EPV = 6 inches per second centered on southeastern 
Hfssourl, the contour for EPV = 3 inches per second would be about 80 
miles away and the contour for EPV = 1.5 Inches per second would be 160 
miles beyond that for 3 Inches per second. 

In a 11 cases, It was st I pu 1 ated that a contour for EPV shou 1 d never 
fall Inside the corresponding contour for EPA. For example, the loca
t I on of the contour for EPV = 3 Inches per second In southcentra 1 
111 lnofs was determined by the contour for EPA = O. lg rather than by 
distance from the contour for EPV = 6 Inches per second. 

After these various rules were applied to produce a set of contours for 
EPV, cons I derab 1 e smooth Ing was done and contours were jo I ned where 
they fel 1 close together. These steps were taken In 1 lght of the 
rather meager knowledge available about EPV at the tfme. 

It would be highly desfrable to have maps of EPV prepared using methods 
similar to those that have been used for peak acceleration. This was 
done for the northern half of California and gave results that are con
sistent wfth the contours on Ffgure Cl-5. The maps In Ffgures Cl-5 and 
Cl-6 were deemed to be consistent with the state of the art. 

Rfsk Associated wfth EPA and EPV 

The probabf 1 fty that the recomnended EPA and EPV at a gfven location 
wfll not be exceeded during a SO-year period Is estimated to be about 
90 percent. Given the present state of knowledge, this probabf 1 tty 
cannot be estimated precfsely. Moreover, since the maps were adjusted 
and smoothed, the r I sk may not be the same at a 11 1 ocat Ions. It Is 
be I I eved that th Is probab 11 I ty of not be Ing exceeded fs In the range 
of 80 to 90 percent. The use of a SO-year Interval to characterize the 
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Sec. 1.4.l (R1sk Associated with EPA and EPV) 

probability Is a rather arbitrary convenience and does not imply that 
all buildings are thought to have a useful life of 50 years. 

It must be emphasized that the 90 percent probability of not being ex
ceeded was not established initially as a criterion for selecting the 
EPA and EPV. A suitable level of EPA for the more seismic regions of 
California was selected on the basis of various considerations, some of 
which were mentioned above. Contours based on this level appeared to 
agree reasonably wel 1 with the level of acceleration determined by 
A 1 germ i ssen and Perk f ns at the Ca 1 i forn 1 a border ( Ca 1 i forn i a was not 
Included in thef r earl fer working maps) so their map was used as a 
guide for the rest of the country. 

A probability of not being exceeded can be translated Into other quan
tities such as mean recurrence interval and average annual risk. A 90 
percent probab i 1 I ty of not being exceeded in a SO-year i nterva 1 Is 
equivalent to a mean recurrence interval of 475 years or an average 
annua 1 risk of O. 002 events per year. These other quant it 1 es have 
physical meaning only ff averaged over very long periods of time--tens 
of thousands of years. In part i cu 1 ar, a mean recurrence i nterva 1 or 
return period of 475 years does not mean that the earthquake will occur 
once, twice, or even at al 1 In 475 years. With present knowledge, 
there 1 s no pr act i ca 1 a 1 ternat Ive to assuming that a 1 arge earthquake 
is equally likely to occur at any time, and quantities such as return 
period only Indicate the likelihood that such an event will occur. 

Figure Cl-7, which Is based on information supplied by Algermissen and 
Perkins from their study, indicates the probabilities of not being ex
ceeded if other levels of EPA were to be selected. For exanple, consi
der a location on the contour for EPA= 0.2g in figure Cl-3. At_ this 
location, there fs about a 60 percent probability that an EPA of O.lg 
will not be exceeded during a SO-year Interval. Similarly, there fs 98 
percent probab f 11 ty that the EPA w f 11 not exceed O. 35g. The dashed 
portions of the curves indicate possible extrapolations to larger and 
smaller annual risks. What this upper I fmft might be In any seismic 
area and especially In the less seismic areas Is a matter of great de
bate; some experts feel that the upper limit ts the same as for highly 
seismic areas although. the probability of such an extreme EPA occurring 
Is, of course, very, very small. 

The probability that the ordinates of the design elastic response spec
trum w 111 not be exceeded at any per I od f s approx I mate 1 y the same as 
the probability that the EPA and the EPV will not be exceeded. This is 
true because the uncertainty fn the EPA and EPV that will occur fn a 
future earthquake fs much greater than the uncertainty In spectral 
ordinates, given the EPA and EPV. Thus, the probabflfty that the 
ordinates of the design elastic response spectrum wlll not be exceeded 
during a SO-year interval is also roughly 90 percent, at least fn the 
general range of 80 to 95 percent. 
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Sec . l.4.l (Risk/Design Elast i c Response Spect r a) 
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for locations on the Indicated contours of EPA In Figure Cl-3. 

Design Elastic Response Spectra 

It ts generally agreed that the characteristics of ground-shaking and 
the corresponding spectra are Influenced by: 

• The characteristics of the soil deposits underlying the pro-
posed stte, · 

• The magn f tude of the earthquake produc 1 ng the des f gn ground 
motions, 

• The source mechan Ism of the earthquake produc f ng the ground 
motions, and 

• The distance of the earthquake source from the proposed sfte 
and the nature of the travel path geology. 

Although ft ts conceptually desirable to specifically consider all four 
factors, ft ts not now possible to do so because adequate data are 
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Sec. 1.4.l (Design Elastic Response Spectra/Site Conditions) 

lacking. Sufficient Information Is available to characterize In a 
general way the effects of specific soil conditions on EPA and spectral 
shapes. The effects of the other factors are so little understood at 
this t I me that they often are not considered In spectra 1 stud I es. 
However, deta 11 ed spectra 1 studies have shown that 1 arge portions of 
the response spectra can be closely represented using a scaling propor
tional to the EPA and EPV values (Blume et al., 1973, Newmark et al., 
1973, Hohraz, 1976). The two maps can be easily used to represent the 
anticipated change In the shape of response spectra with the increase 
in distance from the seismic source zone by a direct adaptation of the 
response spectra for motions close to the seismic source zone. 

The Provisions, therefore, only consider the effects of site conditions 
and the distance from the seismic source zone. At such times as the 
potential effects of other significant parameters can be delineated and 
quantified, the Provisions can be modified to reflect these effects. 

Thus, the starting points in the development of the ground motion 
spectra are the seismic design regional ization maps that express by 
contours the EPA and the EPV that would be developed on firm ground. 

Site Conditions 

The fact that· the effects of local soi I conditions on ground motion 
characteristics should be considered In building design has long been 
recogn I zed. Host countr I es cons Ider f ng these effects have deve 1 oped 
different design criteria for several different soil conditions. 
Typically, these criteria use up to four different sol I conditions. 
The ATC study ( 1978) that generated the pre 1 i m I nary version of the 
Provisions resulted In the use of three Soll Profile Types that were 
considered In the late 1970s to be different enough In seismic response 
to warrant separate seismic coefficients (s factors). 

On the basis of the available ,body of data, the three conditions were 
selected as follows: 

1. Soll Prof I 1 e Type 51 

a. Rock--of any character I st I c whether It be sha 1 e-11 ke or 
crystalline In nature. As a general rule, such material 
Is character I zed by a shear wave ve 1 oc i ty greater than 
about 2,500 fps. 

b. Stiff sot! conditions or firm ground--lncludlng any site 
where soil depth Is less than 200 feet and the soil types 
overlying rock are stable deposits of sands, gravels, or 
stiff clays. 
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Sec. 1.4.l (Site Cond1t1ons/Spectral Shapes} 

2. Sofl Proffle Type-Sz 

Deep cohesf on less or stfff clay sof 1 condftfons--fncludfng 
sftes where the soil depth exceeds about 200 feet and the sofl 
types overlyfng rock are stable deposfts of sands, gravels, or 
stfff clays. 

3. Sofl Profile Type 53 

Soft-to-rnedfum stf ff clays or sands--characterf zed prfmarf ly 
by several tens of feet of soft-to-medfum stfff clay with or 
without fntervenfng layers of sand or other cohesfonless 
sof ls. 

Experfence from the September 1985 Hexfco Cfty earthquake (see the I 
discussion below), however, has prompted the addftlon of a fourth Soll 
Profile Type, S4, for profiles with over 70 feet of soft clays or silts 
characterized by shear wave velocity of less than 400 fps. 

Effective Peak Accelerations for Different Site Condftlons 

Based on the use of the four different sfte condftfons grouped Into the 
or I g Ina 1 three so I 1 prof f 1 es out 1 f ned above, the va 1 ues of EPA for 
rock condftlons were modified to determine corresponding values of 
effective peak ground acceleration for the other site condltfons. Thfs 
modfflcatfon was based on a statistical study of the peak accelerations 
developed at locations with different sfte condftlons and the exercise 
of Judgment fn extrapolation beyond the data base. 

After evaluating these effects and rounding out the results obtafned, 
the values of EPA were further modfffed as fol lows: For the ff rst 
three sofl types--rock, shallow stfff sofls, and deep cohesfonless or 
st If f c 1 ay so f ls ( So f 1 Proff 1 e Types SI and 52 )--there Is no reduc
t I on. For the fourth sof 1 type--soft to medfum clays (Sof 1 Proff le 
Type 53 and the new 54)--a reductfon factor of 0.8 , fs used. It should 
be pofnted out that statfstfcal data show that the reductfon effect fs 
not constant for all ground motion levels and the value of the reduc
tfon factor fs generally smaller than fs reconmended here. 

Spectral Shapes 

Spectral shapes representative of the dffferent sol 1 condftfons dis
cussed above were selected on the basts of a statlstfcal study of the 
spectral shapes developed on such sof ls close to the sefsmfc source 
zone fn past earthquakes (Seed et al., 1976a and 1976b; Hyashf et al., 
1971). 
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Sec. 1.4.l (Spectral Shapes) 

The mean spectral shapes determined directly from the study by Seed et 
al. (1976a and 1976b), based on 104 records mostly from earthquakes in 
the western part of the United States, are shown in Figure Cl-8. These 
spectral shapes also were compared with the studies of spectral shapes 
conducted by Newmark et a 1 • ( 1973), B 1 ume et a 1 • ( 1973) , and Hohraz 
(1976) and with studies for use in model building regulations. It was 
considered appropriate to simplify the form of the curves to a family 
of three by combining the spectra for rock and stiff soil conditions 
leading to the normalized spectral curves shown fn Figure Cl-9. The 
curves in this figure thus apply to the three soil conditions in the 
original provisions, and a line for the new Type S4 has been added. 

The four conditions corresponding to the four 1 f nes are described as 
follows: 
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• Sol 1 Profile Type s 1--Rock of any characteristic, either 
sha 1 e- 1 i ke or crysta 11 i ne In nature ( such mater fa 1 may be 
characterized by a shear wave velocity greater than 2,500 feet 
per second), or 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. 
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Average acceleration spectra for 

different stte condtttons (Seed et al. 1976a and 1976b). 
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Sec. 1.4.l (Spectral Shapes) 

SOIL PROFILE TYPE S4 

SOIL PROFILE TYPE S3 

--<~SOIL PROFILE TYPE S2 

//✓SOIL PROFILE TYPE s1 
' ' 

1.0 

' ' .... 

1.5 

.... .... ---

2.0 

PERIOD - SECONDS 

FIGURE Cl-9 

----- - -

2.5 3.0 

Nonlal lzed response spectra reconnended . for use In bul ldlng codes. 

• Sot 1 Proff 1 e Type s2--Deep cohes I on I ess or st I ff c I ay so f 1 
conditions, including sites where the soil depth exceeds 200 
feet and the soft types overlying rock are stable deposits of 
sands, gravels, or stiff clays. 

• Sof 1 Proftle Type Sr-Soft-to-medium stiff clays and sands 
characterized by 30 feet or more of soft- to medium-stiff clay 
with or without Intervening layers of sand or other cohesion
less sot ls. 

• Soll Profile Type 54--Soft clays or silts greater than 70 feet I 
In depth and character I zed by a shear wave ve 1 oc I ty of 1 ess 
than 400 feet per second. 

Reconmended ground motion spectra for 5 percent damping for the differ
ent map areas are thus obtained by multfplyfng the normalized spectra 
va I ues shown f n Ff gure C 1-9 by the va I ues of effect Ive peak ground 
acce I erat I on and the correct f on factor of O •. 8 If So 11 Prof I 1 e Type 53 
or s4 exists. The resulting ground motion spectra for Hap Area 7 are I 
shown f n FI gure C 1-10. The spectra from FI gure C 1-10 are shown on 
figure Cl-11 plotted In trfpartfte form. It can be readily seen on 
Figure Cl-11 that for all soil conditions the response spectra In the 
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Sec. 1.4.l (Spectral Shapes) 

period range of about 1 second are horizontal or equivalent to a con
stant spectral velocity. 
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Sec. 1.4.l (Spectral Shapes/Mexico City 1985 Experience} 

The use of a sfmple sof 1 · factor to produce the different curves in 
Figure C 1-10 produces a d I rect approx I mat f on of the effect of 1 oca 1 
site conditions on the design requirements. This direct method elfm
i nates the need for est f mat I on of a predom f nant s 1 te per I od and com
putat f on of a soil factor based on the site period and the fundamental 
period of the bu11dfng. 

The spectral velocity values are proportional to the values of Av given 
on the map for EPV. For close-by motions represented by the innermost 
contours on the maps, spectra such as those shown on figure Cl-10 and 
Cl-11 are applicable. Where the two contour values (Aa and Av) differ, 
the portion of the response spectrum controlled by the velocity should 
be increased fn proportion to the EPV value and the remainder of the 
response spectra extended to maintain the same overall spectral form. 
An example of thfs Is shown on Figure Cl-12 where the response spectra 
for Las Vegas and a site in South Caro 1 Ina are compared. The hf gher 
response at longer periods, which is believed to be representative of 
motion from distant earthquakes, can be readily seen. 

On the basts of the studies of spectral shapes conducted by Blume et 
al. (1973) and Newmark et al. (1973), spectra for 2 percent damping may 
be obtained by multiplying the ordinates of Figures Cl-9 and Cl-10 by a 
factor of l . 25. 

Spectra for vertical motions may be determined with sufficient accuracy 
by multiplying the ordinates of the spectra for horizontal motions by a 
factor of 0.67. 

Mexico City 1985 Experience 

In September 1985, Mexico City was shaken by a great earthquake that 
was centered some 400 km to the southwest. The shaking experienced In 
Mexico City during this event varied markedly depending on the subsur
face soils conditions. This shaking was most Intense within a region 
underlain by an ancient dry lake bed c0q>0sed of soft clay deposits. 
The recorded motion was very long (nearly 2 minutes). Furthermore, a 
significant segment of these long-duration motions exhibited nearly 
harmonic motions with a period of about 2 seconds. As a result, the 
spectral amplitudes of the lake bed motions In thfs period range were 
very large and, In fact, were much greater (by factors of 15 to 20) 
than the correspond Ing spectral amp I ltudes from rock site motions 
recorded at comparable epfcentral distance. 

The most significant damage Induced by this earthquake was confined to 
the lake bed region and occurred In 5- to 15-story but ldlngs with 
smal I-strain natural periods of about 0.8 to 1.0 second. As the 
elements of such buildings began to crack and yield during shaking, the 
period of the buildings began to lengthen. As this lengthening period 
approached the 2-second per I od of the doml nant ground mot Ions, the 
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Sec. 1.4.l (Mexico City 1985 Experience) 

structural response progressively Intensified as It entered into 
resonance with the underlying soil response. Further, the long dura
tion of the nearly harmonic ground-shaking provided ample time for this 
resonance condition to develop and caused the bui ldlngs to undergo 
many cycles of Intense shaking. This, fn turn, led to a progressive 
increase in building damage and, in many cases, to eventual collapse. 
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Sec. l.4.l (ftexico City Experience/Lateral Des1gn Force Coeff1c1ents> 

Because of the slmf larlty of the soft clay deposits In Mexico with 
those of certa f n So I 1 Profi 1 e Type 54 areas In Ca I i forn fa, there 1s 
concern about the possible occurrence of extensive damage to structures 
on such deposits due to resonance-type response characteristics similar 
to those described above. Therefore, spec i a 1 dynamic ana 1 ys is pro
cedures have been adopted for certain classes of structures judged to 
be suscept I b I e to such damage. The purpose here i s to def f ne the 
conditions for which these special analysis procedures are to be 
appl fed. 

From the evaluation of the observed damage in Mexico City It is judged 
that damage to structures on Type S4 soils fs unlikely If the natural 
period of the structure fs short compared to that of the site. There
fore, structures w I th natura 1 per I ods of 1 ess than 0. 5 seconds have 
been excluded as candidates for these special analysts procedures. In 
addition, the occurrence of the resonance-type response due to progres
sive lengthening of the structural period was Judged to be dependent on 
the ratio of this period, T, to the characteristic site period, Ts, as 
determ f ned from a s I te response ana 1 ys ts. Based on the Hex i co City 
experience, ft has been determined that this resonance-type response is 
most likely for buildings having calculated periods equal to or greater 
than 0.7 second and that dynamic analysis is required for such build
ings to properly evaluate the related effects of 54 soil conditions for 
the longer period buildings. 

A 0.7-second calculated bufldfng period fs comparable to the calculated 
predoml nant sof 1 period for S4 sol ls considered as a single layer 
system using the formula: 

T sol 1 = 4H/Vs 

with H = 70 feet and Vs= 400 feet per second. 

Lateral Design Force Coefficients 

The equivalent lateral force method of design requires that a horizon
tal force be acconmodated ,f n the structural desf gn. The magnitude of 
this force fs a function of several parameters including the map area, 
the type of site soil profile, the fundamental period of the building, 
and the type of bufldfng construction. 

In a design provision or code, ft fs distinctly advantageous to express 
the 1 atera 1 des f gn force coeff i cf ent f n as sf mp 1 e a manner as pos
s f b 1 e. The recomnended procedure for determ f n f ng the 1 atera 1 des I gn 
force coefficient Cs ts given fn Sec. 4.2 as follows: 

2 R 2/3 Cs= 1. AvS/ T • (Cl-1) 
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Sec. 1.4.l (Lateral Design Force Coeff1c1ents> 

The value of Cs need not exceed 2.5 Aa/R. For Type 53 soils when Aa fs 
equal to or greater than 0.3, the value of Cs need not exceed 2 Aa/R. 
The sofl proffle coefficient Sis given fn Table 3-1 as follows: 

~ s Factor 

51 1.0 
52 1.2 
53 1.5 
54 2.0 

Curves for these relatfons are plotted fn Ffgure Cl-13. The curves are 
not precisely the same as the spectral shapes fn earlier figures. The 
procedure by which these curves were derived for the response spectra 
curves f s as fo I 1 ows: As bu f 1 d I ngs become 1 arger and more comp I ex 
there arise, fn addit ion to the increase fn modes of vibration, many 
modes by which severe damage can be inftlated. There Is also a greater 
1 Ike 11 hood that hf gh duct 111 ty requ I rements may be concentrated in a 
few stories of the but ldlng. These factors, when combined with the 
Importance of larger buildings to the conmunity, suggest that the 
larger and longer period structures should be given a more conservative 
criteria or weighting factor. It was judged that this weighting factor 
s hou 1 d make the lateral force coeff I cf ent approx f mate 1 y 50 percent 
greater at a per I od of 2 seconds for the st ff f so f I cond ft I on than 
would be obtained by df rect use of the response spectrum. This In
crease should gradually reduce as the building period shortens. 
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Sec. l.4.l (Lateral Des1gn Force Coeff1cients/County-by - County Raps> 

A comparison between the lateral design force coefflcf ents and the 
free-field ground motion spectra Is shown on Figure Cl-14. 
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3.0 

In the application of these reconmendations the values of Aa and Av may 
not be equal so that the lateral force coefficient curves will be dif
ferent fr9"1 those discussed above. To illustrate the varying effects 
obta I ned from the use of the 1 atera 1 force equat I on, the respect Ive 
curves of CsR for shallow stiff soil sites for several cities are shown 
on Figure Cl-15. 

County-by-County Naps 

It generally Is recognized that the exposure to sef smf c hazard de
creases as the d I stance from an act Ive se Ism I c reg I on Increases. It 
was in recognition of this.simple premise that abandonment of the broad 
un I form zon Ing then be Ing cons I dered was one of the f I rst reconmenda
t Ions made durtng the ATC project leading to the preliminary version of 
the Prov1s1ons. Thfs reconmendatlon suggested that seismic zoning 
should be on the basis of the contours shown on Figures Cl-3 through 
Cl-6 with Interpolation being used to obtain values between the contour 
1 eve 1 s • It soon became apparent, however , that I nterpo 1 at I on by the 
user m I ght produce some d If fl cu 1 t I es In coasta 1 areas and a 1 ong the 
lnternatfonal borders (where fnterpolatfon would requfre extension of 
the contours beyond national boundaries). These difficulties, combined 
with the problem of defining a simple Interpolation procedure with no 
ant>lgulty, led to an alternate method of producing zonlng ·maps--the use 
of Hap Areas with specified values of Aa or Av with boundaries along 
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Sec. l. •.l (County-by-County Pfaps) 
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for Soll Type 51 tn four different locations. 

those of pol it I cal Jurisdictions. The sllll)lest form of subdividing 
the contiguous states was to use county boundaries. This decision was 
reviewed and eventually reversed by the BSSC primarily because the 
county zone procedure is particularly cumbersome In the West. However, 
because both county-by-county maps and contour maps are available, both 
continue to be published. Future maps (including those In the "Appen
dix to Chapter l") will be In contour form printed over a county line 
backgound. 

Either the county-by-county seismic design regional ization maps pre
sented in Chapter 1 of the Provisions as Figures 1-1 and 1-2 or the 
contour maps in Figures 1-3 and 1-4 are used to determine the Aa and Av 
coef f I c i ent va 1 ues, respect Ive 1 y. The county-by-county maps were 
prepared by as sum Ing that each county shou 1 d be represented by the 
h I ghest contour in that county. In deve 1 op f ng the county-by-county 
map, Intermediate contours were drawn for coefficient values of 0.3 and 
0.15, which are listed in Table 1-1 but are not shown on Figures Cl-3 
and C 1-5. It can be seen that the procedure of assigning the same 
value throughout a county produces discontinuities in some areas of the 
map. As Indicated above, It Is strongly reconmended that local Juris
dictions with better definition of the earthquake hazard consider 
mtcrozonation of those counties that are at discontinuities on the 
county-by-county maps. 
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Sec. 1.4.l (Seismicity Index/Building Cost Implications> 

Setsmlctty Index 

A Sefsmlclty Index was included in the 1985 Edftion of the Provisions. 
This Selsmlclty Index, which was simply a grouping of similar values of 
Av, has been replaced fn the 1988 Edition by citation of expl fcft 
values of Av-

The values of the coefficients Aa or Av associated with Hap Areas are 
as fol lows: 

Hap Area 

7 
6 
5 
4 
3 
2 
1 

0.40 
0.30 
0.20 
0. I 5 
0 .10 
0.05 
0.05 

Note that A8 and Av are not necessarily the same for a given location 
because the location may be In different Hap Areas on the two maps. 

Bui ldfng Cost l111P1 feat Ions 

Determining the effect of the Provisions on the initial cost of build
ings Is enormously complex and ft Is possible to arrive at maQY dif
ferent answers depending upon: 

• The role In society of the person answering the cost question, 

• Whether or not the building fs required to remain functional 
after a major earthquake, and 

• Whether or not some seismic design requirements already apply 
to the building. 

For new construction that need not remain functional fol lowing an 
earthquake, the change In cost as a result of seismic design can vary 
enormously from project to project. The major factors Influencing the 
cost of complying with the Provisions are: 

• The complexity of the shape and structural framing system for 
the but ldfng. (It ts much easier to provide seismic resis
tance In a building with a simple shape and framing plan.) 

• The cost of the structural system (plus other items subject to 
special seismic design requirements) fn relation to the total 
cost of the building. ( In many but ldlngs, the cost of pro-
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Sec. 1.4.1 (Building Cost Implications) 

vidi ng the structural system may be only 25 percent of the 
total cost of the project.) 

• The stage In design at which the provision of seismic resis
tance is first considered. (The cost can be inflated greatly 
if no attention is given to seismic resistante until after the 
configuration of the bui ldlng, the structural framing plan, 
and the materials of construction have already been chosen.) 

The approximate cost Impacts resulting from Implementation of an 
earlier version of the NEHRP Recommended Provisions were determined by 
Weber (1985) during a BSSC study of the societal implications of using 
improved se Ism f c des f gn provisions. Weber's study was based on the 
results of 52 case studies that compared the costs of constructing the 
structural components of a wide variety of buildings designed according 
to two distinct criteria: the prevai 1 Ing local bui ldlng code and a 
proposed set of improved seismic safety provisions (as noted above, an 
earlier version of the NEHRP Recommended Provis1ons). Some of the case 
studies also compared the structural engineering design time required 
for the two design criteria. The case studies included multifamily 
resident lal, off Ice, Industrial, and coomerc !al but ldl ng designs in 
nine cities that cover the range of seismic hazard levels found in the 
United States (Los Angeles, Seattle, Memphis, Pnoenfx, New York, 
Chicago, Ft. Worth, Charleston, and St. Louts). 

These case studies were developed on the basis of the BSSC trial design 
program conducted in 1 983-84. Thi s program, wh I ch i s descr I bed in 
detail in Appendix C (The BSSC Program on Improved Seismic Safety 
Provisions) of this Commentarg volume, was established to evaluate the 
usability, technical validity, and cost impact of the application of a 
somewhat amended vers f on the 1 978 A TC prov I s Ions. It i s Important to 
note that these prov I s ions were further refined as a resu 1 t of the 
trial design program, during the BSSC balloting of the 1985 Edition, 
and aga In during the updating process resu 1 ting in the 1988 Edit f on. 
Thus, as noted by the BSSC ( 1984b) : "Some bu i 1 d I ngs show 1 ng high cost 
1 mp acts [ wou 1 d] be sign I fi cant 1 y affected by new amendments ..• that 
should tend to reduce the Impact." 

During the trial design program, 17 professional design organizations 
from the 9 cities were retained to prepare trial designs of the follow
ing building types: 

1. Low-, mid-, and high-rise residential (R) buildings, 
2. Hid- and high-rise office (0) buildings, 
3. One-story industrial (I) buildings, and 
4. Two-story coomerclal (C) buildings. 

Each of the following structural systems was included: 
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Sec. 1.4.l (Building Cost Implications> 

1. Lateral load systems 
a. Shear walls · 

(1) Cast-1n-place concrete 
(2) Precast and prestressed-precast concrete 
(3) Masonry 
(4) Plywood on wood studs 

b. Braced frames--conventfonal steel 
c. Unbraced frames 

(1) Cast-In-place concrete both special and .ordinary (as 
deffned In the amended Tentative Provisions) 

(2) Steel, both special and ordinary, conventional and 
pre-engineered 

2. Vertical load systems 
a. Bearing wall buildings 

(1) Walls 
(a) Cast-In-place concrete 
(b) Precast and prestressed-precast concrete 
Cc) Masonry 
(d) Plywood on wood studs 

(2) Floors 
(a) Concrete slabs, both cast-1n-place and precast, 

ordinary and prestressed 
(b) Steel Joists w1th decks and slabs 
(c) Wood framing w1th plywood decks and llghtwe1ght 

concrete f111 
b. Framed buildings 

(1) Cast-In-place concrete flat slabs, waffle slabs, pan 
Joists, and beam and slab systems, both ordinary and 
pres tressed 

(2) Precast concrete, both ordinary and prestressed 
(3) Steel g1rder and pur11n, beam and jo1st, and 

long-span truss systems with decks and slabs 
(4) Wood framing 

As noted above, each bulld1ng was designed tw1ce: once accord1ng to 
an ear11er version of these Provisions and once accord1ng to ·the 
prevailing local code for the particular location of the design. Bas1c 
structural des I gns (c~lete enough to assess the cost of the s'truc
tura 1 port f on of the bu 1 1 d f ng) , part fa 1 structura 1 des I gns ( spec 1 al 
studies to test spec1ffc parameters, provisions, or objectives), and 
part1al nonstructural desf gns (c~lete enough to assess the cost of 
the nonstructural portion of the building) were prepared and design and 
construction cost estimates were developed. 

Weber's cost Impact data based on the results of the trial designs are 
presented below In sumnary form. In presenting these data, Weber dis
tinguished between two separate cases: (1) the conrnunftles that were 
not using a seismic code of any kind (e.g., Memphis and St. Louts) and 
(2) the conmunltfes that were usfng a seismic code (e.g., Charleston 
and Seattle). 
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Sec. l.4.l (Bu1ld1nq Cost Impl1cations) 

According to Weber, the construction cost fmpact of the earlier version 
of these Provisions generally depends on two major groups of factors: 

• Those re 1 ated to character f st i cs of the bu I 1 d Ing I tse 1 f and 
Including such things as the planned occupancy of the build
ing, the structural system used to support the bulldfng, the 
genera 1 shape of the bu i 1 d Ing in terms of number of stor I es 
and floor plan, and the total size of the building. 

• Those related to the location in which the building Is to be 
constructed and Inc I ud Ing such th I ngs as the se Ism f c hazard 
of the bu i 1 d Ing s I te and the degree to which that hazard i s 
reflected in the current local building co~e. 

Tab 1 e C 1-1 presents an overview of the construct I on cost Impacts by 
type of building occupancy. The third column In Table Cl-1 presents 
the percentage change in construction costs for the structural com
ponents of the bu I 1 d f ng, with the Loca 1 Code Des I gn as the base, as 
estimated by the BSSC trial design engineering firms. As can be seen, 
the average change for the structural costs Is 5.6 percent, with by far 
the largest change (11.2 percent) reported for the high-rise residen
tial designs. This high average for residential buildings Is sig
nificantly influenced by the extremely high estimates (46, 20, 17, and 
16 percent) reported for four building designs. 

The fourth co 1 umn of Table Cl-1 presents the projected percentage 
change in total building construction costs for each building occupancy 
type. These total cost changes were projected from the structural cost 
percentage changes by us Ing data on structura 1 cost as a percentage 
share of tota 1 bu I 1 d Ing cost for each bu i 1 d f ng occupancy type. . The 
percentage shares are based on data from McGraw-Hill's Dodge Construc
tion System Costs (1984), which reports the structural percentage share 
of total building cost for a large number of typical building designs. 
The shares for three of these typical building designs were averaged 
for each of the but ldlng occupancy types to derive the percentage 
shares used In Tables Cl-1 and Cl-2 and reported In the footnotes to 
the tab 1 es. The average projected change In the tota 1 construct I on 
cost over all 52 of the trial designs Is 1.6 percent. The high-rise 
residential buf ldlng designs have the highest total but ldlng cost 
impact with 3.3 percent, both because of the four designs with exces
s Ive costs ment I oned above and the re 1 at Ive 1 y h I gh structura 1 per
centage share used for this type of building (30.0 percent). 

Table Cl-2 presents data slml lar to that In Table Cl-1 but for each 
cf ty grouped accord f ng to whether the c I ty current 1 y had a se Ism i c 
building code or not. As expected, the average estimated change In the 
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Sec. 1.4.l (Building Cost Implications) 

TABLE Cl-1 
Percentage Changes In Structural Cost and Total Building Cost 

for the Trial Designs by Building Occupancy Type 

But ldi ng Number of Estimated Change In Projected Chanie 
Occupancy Designs Structural Cost <i>a in Total Cost (f.) 

Low-rfse 9 3.6 0.7 
residentialc 

High-rise 12 11. 2 3.3 
resldentlald 

Office 21 4.7 1.3 

Industrial 1 1.5 0.5 

Conrnercial 3 5.6 1. 7 

Average Percentage 
Change 5.6 1.6 

BPercentage change In structural construction cost from the local 
code to early version of the Provisions, as estimated by the BSSC trial 
design engineering firms, 1983-1984. 

bprojected percentage change in total building construction cost 
from the 1 oca 1 code to ear 1 y vers I on of the Provis ions, der I ved from 
estimated structural cost changes by using the following McGraw-Hill's, 
Dodge Construction svstems Cost ( 1984) data on structura 1 cost as a 
percent of total bu11d1ng cost: low-r1se resident1al,18.lf,; h1gh-rise 
res1dent1al, 30.0f,; office, 28.lf,; 1ndustr1a1, 33.7i; conmercial, 
29.Sf,. 

Cf f ve or fewer stor 1 es •. 

dt1ore than five stor1es. 
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Sec. 1,4.l (Bu1ld!ng Cost Impl!cations> 

TABLE Cl-2 
Percentage Changes In Structural Cost and Total Building Cost For the 

Trial Designs by City and City Group With and Without 
Seismic Provisions In Current Local Codes 

City 
Number of 
Designs 

Estimated Change in 
Structural Cost (1,) 8 

Cftfes Wfthout Seismic Provisions 

Chicago 10 2.5 
Ft. Worth 3 6. l 
Heq:,hfs 6 18.9 
New York 7 7.3 
St. Louis 3 4.5 

Average Percentage 7.6 
Change 

Cities Wfth Seismic Provisions 

Charleston 3 
Los Angeles 10 
Phoenix 6 
Seattle 4 

Average Percentage 
Change 

Overa 11 Average 
Percentage Change 

-2.5 
4.2 
6.9 

-1. 1 

3. 1 

5.6 

Estimated Change In 
Total Project Costc,>b 

0.7 
l. 5 
5.2 
2. 1 
1.3 

2. l 

-0.6 
1.3 
1.9 

-0.3 

0.9 

1.6 

8 Percentage change In structural construction cost from the local 
code to early version of the Provisions, as estimated by the BSSC trial 
desfgn engineering ffrms, 1983-1984. 

bprojected percentage change tn total building construction cost 
from the local code to early version of the Prov!sions, derived from 
estimated structural cost changes by using the following McGraw-Hill's, 
Dodge Construction Systems Cost ( 1984) data on structural cost as a 
percent of total building cost: low-rise resldential,18.1,.; high-rise 
residential, 30.01,; office, 20.1,: Industrial, 33.71,; conmerclal, 
29.51,. 

40 



Sec . 1.4.l (Bu1ld1ng Cost Impl1catlons) 

structural cost is considerably higher (more than twfce as hfgh) for 
those cftfes wfth no sersmic provisions in their local codes than for 
those with seismic provfsfons: 7.6 percent versus 3.1 percent. A 
similar relationship holds for the projected change fn total building 
cost: 2.1 percent for cities without seismic provisions versus 0.9 
percent for those already having some seismic provisions in their local 
codes. 

The estimates made by the trial design firms of the change fn struc
tural design time that was expected to be required once the firms 
become fami 1 far with the provisions were divfded into the fol lowf ng 
categories: 

1. Negligible change, 

2. Positive but unspecified change, 

3. Posftfve specified change, and 

4. Negative specified change (meaning that the newer provisions, 
once adopted and familiar to the design firms, would require 
fewer design hours than do the current codes). 

Twenty-eight of the trial designs fel 1 Into the "negl fgfble change" 
category. Eleven fell Into each of the next two categories, and two 
fell fnto the fourth category. 

In summary, Weber's study of the resu 1 ts of the BSSC tr fa l des f gn 
program provides some f dea of the approx I mate cost f mpacts expected 
from implementation of the NEHRP Recommended Prov1s1ons. For the 29 
trial designs conducted In the 5 cities (Chicago, Ft. Worth, Hemphls, 
New York, and St. Louis) whose local bul ldlng codes had no seismic 
design provisions, the average projected increase In total but ldfng 
construction costs was estimated to be 2.1 percent. For the 23 trfal 
designs conducted f n the 4 c It I es ( Char 1 es ton, Los Ange 1 es, Phoen f x, 
and Seattle) whose local codes had seismfc design provfsfons, the 
average projected Increase In tota 1 bu f 1 d Ing construct I on costs was 
estimated to be O. 9 percent •. · The average Increase In costs for al 1 9 
cities was estimated to be 1.6 percent. Although analyses of the cost 
effect of the 1985 and 1988 Editions of the NEHRP Recommended Prov1-
s1ons have not been conducted, It ts anticipated that the modifications 
made to the ear 1.1 er vers I on stud I ed wou 1 d have 1 I tt 1 e effect on c It I es 
sub J ect to h I gh se I sm I c r f sk but wou 1 d reduce the cost effects on 
cities subject to less risk. 

The costs cited above obviously are of greatest Interest to the owners 
of a proposed bui ldfng. There are, however, other potential cost 
f mp 1 I cat f on s , each of wh f ch reflects the v f ewpo Int of a d f ff erent 
group fn society. 
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Sec. 1.4 .l (Bui ld i ng Cost I mplications/Implied Risk) 

Any change in design requirements can potentially effect the suppliers 
of bu I 1 ding mater I a 1 s and of proprietary bul ldi ng systems. In the 
short run, these changes may adversely affect the competitive advantage 
of an organization or industry. In the 1 ong run, however, Amer I can 
industry has always shown remarkable adaptability to new building 
regulatory requirements. 

Adoption of new design requirements also may result fn additional costs 
for the agency charged with administration and enforcement of the 
requirements. Such agencies are f n a posit f on s i m f 1 ar to that of an 
engineering firm in that efforts for p 1 an review and inspection may 
have to increase. 

lmpl ied Risk 

The following discussion addresses methods for evaluating Implied risk 
and presents one estimate of the risk implied by the Provisions. The 
word "risk" ts used here In a general sense to Indicate losses that 
may occur in the future at uncertain times and in uncertain amounts as 
a result of earthquake ground-shaking. 

It Is not possible by means of a building code to provide a guarantee 
that buildings will not fail in some way that will endanger people as a 
result of an earthquake. It may not be desirable for a code to attempt 
to ensure the absolute safety of bul ldings since the resources to 
construct bul ldings are 1 lmited. Socf ety must decide how it wf 11 
a 1 locate the ava I 1 ab 1 e resources among the various ways in wh i ch it 
desires to protect 1 I fe safety. One way or another, the anticipated 
benefits of various 1 if e-protect i ng programs must be weighed aga Inst 
the cost of Implementing such programs. 

One reason a code cannot ensure abso 1 ute safety 1s the present (and 
probably future) inability to describe on a firm scientific basis the 
strongest earthquake ground-shaking that might possibly occur at any 
specified location. As long as thfs is the case, it Is i~sslble to 
design for zero risk ~nd, hence, a decision to design a building for a 
specified capacity has associated with it an implicit risk. This risk 
may be quite small (e.g., l chance in 10,000 that a building will fall 
during an earthquake), but ft Is greater than zero. 

None of the methods or estimates presented here are prec I se; indeed, 
they are quite crude and uncertain. They do, however, serve two very 
valuable purposes: 

• They show the factors and considerations that influence 
overall risk and 
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• They give a general fndfcatlon of the level of safety provided 
by the Provisions In compart son with other rt sks faced by 
society. 

Expressing Losses 

In general, losses may be In the form of damage and repair costs, inju
ries and fatalities, and the indirect adverse effects upon' a comnunity, 
reg i on, or country. Because the emphasis of the NEHRP Recommended 
Provisions is on life safety, this discussion Is specifically concerned 
with losses directly related to life safety. In many ways ft mfght be 
more appropriate to use injuries and fatalltles . (l.e., "major casual
t I es") as a measure of the r I sk to 1 if e safety. However, s I nee rriany 
find It difficult to talk in terms of predicted major casualties and It 
Is difficult to make accurate predictions concerning major casualties, 
th Is discussion w i 11 make use of an Ind t rect measure of the risk to 
1 ff e safety--the rt sk of bu 11.d Ing fat 1 ure where such fat 1 ure wou 1 d 
f mp 1 y a threat to 1 If e safety. Hore prec t se defi n It Ions of fa i 1 ure 
will be discussed subsequently. 

Expressing Probability 

The ttme when the next major earthquake will affect a particular city 
Is unknown as ts the magnitude of that earthquake. The future losses 
sustained In that city may result from several moderate-sized earth
quakes or from a single large earthquake. Since there ts little agree
ment as to the specific nature of the most Intense ground-shaking that 
might · occur, especially In the less seismically active parts of the 
country, It Is difficult to be specific about the largest possible 
losses that might occur. These considerations mean that the future 
losses are uncertain and some measure of probabl 1 tty must be used In 
the examination of such losses. This might be done In several ways, 
but two approaches are conmonly used. 

One way ts the use of average annual losses. Risk might be expressed 
as the average dollar loss per year, the average major casualties per 
year, the average number of° but ldfng fat lures per year, etc. Losses 
expressed In this way are annual risks. However, large earthquakes are 
very rare events, and losses averaged for such Infrequent events may 
not give a meaningful portrayal of the large loss that might occur for 
one such event. 

The second way Is to def I ne a thresho 1 d of 1 oss and to est I mate the 
probability that the threshold will be equaled or exceeded during some 
earthquake. For exaff1)le, one might speak of the probability that the 
dollar cost of damage and repair will exceed $1 billion dollars during 
at least one earthquake during the next 50 years. The threshold might 
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a 1 ternat f ve 1 y be some number of human casua 1 ti es or some number of 
building failures. 

General Procedur e for Estima t ing Probability of Failure 

The design earthquake ground motion by itself does not determine risk; 
the risk is also affected by the design rules, analysis procedures, and 
construction practices used in connection with the design ground 
motion. Thus, the overall risk to a buildfng is determined by both the 
seismic hazard and the probable building performance. It fs expressed 
by the fo I lowing equation giving the average number of fa f 1 ures, f, 
per year for an individual building. 

where 

gy 
f = p[F:a] da da, (Cl-2) 

a= EPA or EPV as appropriate, 

P[F:a] = probabll fty of failure ff an Intensity of shaking 
with EPA= a occurs, and 

y = annua 1 rate at which intensities of shak Ing are 
exceeded (see Figure Cl-7). 

The Integration Is over all possible values of a. The average annual 
rate of failures can then be converted to the probability that failure 
will occur during some period of time. This is the same as the conver
sion between the left-hand and right-hand scales of Figure Cl-7. 

Estimated Per f ormance of Bulld 'fngs Designed According to the Prov1s1ons 

The following paragraphs give rough estimates, based on experience and 
Judgment, of the probability of failure occurring when a building de
signed in accordance with the Provisions Is subjected to different 
levels of ground-shaking. However rough, the estimates should suffice 
for general guidance as to the degree of safety Implicit in the Provi
sions. The estimates are intended to apply to a building of moderate 
size and complexity meeting the minimum requirements of the Provisions. 

If the design ground motion were to occur, structural collapse--meanlng 
collapse of part or, In extreme cases, of all of a building--should not 
be expected in buildings designed In accordance with the Prov1s1ons. 
(Failures due to design or construction errors cannot be prevented by 
design requirements alone; detailed design reviews and mandatory con
struction inspection are also necessary.) If a ground motion twice as 
strong as the design ground motion were to occur, there might be struc
tural collapses In about 1 to 2 percent of the buildings designed in 
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accordance with the Provisions. If a ground motion Is three times as 
strong as the design earthquake motion, this percentage might be 5 to 
10 percent. 

If the design ground motion were to occur, there might be life-threat
ening damage in 1 to 2 percent of buildings designed In accordance with 
the Provisions. (In each building so damaged, on the average, about 1 
percent of the occupants might be major casualties.) If ground motions 
two or three t I mes as strong as the des I gn ground motion w.ere to occur, 
the percentage of buildings with life-threatening damage might rise to 
about 10 to 50 percent, respectively. 

These estimates are presented In graphic form In Figure Cl-16 to Illus
trate the expected performance of bul ldlngs designed for different 
EPAs. Possible extrapolations of the relations are suggested. The 
extrapolation toward low conditional probabilities of failure Is diffi
cult to estimate; In effect, one is asking what is the probability of 
major design and construction errors such that the building might 
"fall" during a very small ground motion. 

Inpllclt Risk for a Single Bulldlng Versus a Groue of Buildings 

The information contained in Figures Cl-7 and Cl-16 has been used as 
Input to Eq. Cl-2 to compute fal lure probabl 1 ltles for four bul ld
ings: one located on the contour in Figure Cl-3 for 0.4g and designed 
for that EPA, one on the contour for 0.2g and designed for that EPA, 
and likewise for buildings located on the 0.10g and 0.0Sg contours. In 
each case, several different assumptions were made as to how the solid 
llne in Figures Cl-7 and Cl-16 should be extrapolated. 

It was found that, because of c0111)ensatlng trends, the probabilities of 
failure were roughly the same for each of the buildings. For buildings 
on the contours for 0.05g and 0.10g, the result Is Influenced strongly 
by the way in which the curves of Figures Cl-7 and Cl-16 are extrapo
lated to larger values of EPA or EPV. On the other hand, the results 
for a building located on the contour for 0.4g are influenced strongly 
by the extrapolations to smaller values of EPA or EPV. 

Tab I e C 1-3 g I ves est I mates for the probab 11 I ty that the two types of 
failure will not occur within a SO-year period. Note that these proba
bilities are more favorable than those for the design EPA or EPV. This 
simply means that a building generally will not fall Just because the 
shaking in some earthquakes slightly exceeds the design EPA. 

It must be emphasized that these estimates are very crude. All of the 
potential difficulties discussed In relation to estimating EPA apply 
even more strongly here. 
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If there are a number of similar buildings at some location such that 
all buildings experience approximately the same shaking during any one 
earthquake, the probab i 1 i ty that at 1 east one of the bu i 1 d f ngs w f l 1 
fafl is greater than the probability that any one particular bufldfng 
will fail. Calculations also have been made for this case assuming 100 
sfmf lar buf ldfngs. Results are Included fn Table Cl-3. Thfs case 
represents, in a very crude way, the expected performance in any one 
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city of new construct f on des f gned and constructed In accordance w f th 
the Provisions. 

TABLE Cl-3 
Probability of Not Having Any Failures During a SO-Year Period 

(in percent) 

5 I ng l e bu i I d I ng 
100 buf ldfngs - 1 city 
100 buildings - 5 cities 

Type of Failure 

Llfe-Threatenfng 
Damage 

99 
90 
65 

Structural 
Col lapse 

99 to 99.9 
95 
85 

When one considers a serfes of cftles, the probabflity that at least 
one fa f 1 ure w f 11 occur becomes even greater. To f 11 ustrate this, 
assume ff ve cf t f es each having 100 bu f 1 d f ngs designed in accordance 
with the Provisions. From Table Cl-3 ft Is seen that the probabflity 
of a failure occurring fs no longer lnsfgnlflcant. 

These resu 1 ts emphas I ze that the percept I on of the 1 eve 1 of safety 
ach I eved by the Provisions f s different for the owner of a s Ingle 
bufldfng, the public officials of a cfty, and the public officials of a 
state. 

Acceptable Rtsk 
·~ 

There are no laws In the United States that state an "acceptable num
ber" of fata 1 It I es per person exposed per year or any other proposed 
deflnftfon of acceptable risk. There also are no Judfcfal decisions 
that give firm guidance. Legislative bodies have chosen alternatives 
with Implied risks that have been stated quantitatively. For example, 
In arriving at new seismic requirements for existing bul ldlngs, the 
Loni Beach Cf ty Counc f 1 opted for an a 1 ternat Ive to wh I ch a r I sk of 
10- fatal ltf es per person•r exposed per year had. been attached (the 
other alternatives Implied smaller risks). Obviously there have been 
many other cases where legislative, Judicial, and executive bodies have 
made chof ces that Imply some level of rfsk. However, al 1 such in
stances taken together do not constitute a firm set of precedents. 
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There have been atterfl)ts to determine an acceptable level of risk on 
fundamental grounds. For example, Wiggins (1975} compiled data for the 
risk in situations (driving, flying conrnercial airlines, accidents in 
the home} where peop 1 e more or 1 ess know f ng 1 y exposed themse 1 ves to 
risk. These so-called voluntary risks are of the order of 200 fatali
ties per million people exposed per year. Wiggins then referred to the 
work of Starr (1969), who concluded that the public wants Involuntary 
risks (such as from earthquakes} to be much smaller (say 100 to 10,000 
ti mes sma 11 er) than vo 1 untary r I sks. Thus, the acceptab 1 e risk from 
earthquakes might be between 1 and 0.01 fatalities per million people 
exposed per year. 

As a second examp 1 e, Figures C 1- 1 7 and C 1- 18 s~r i ze data for the 
probab i 1 it y of man-made and natura 1 d I sasters causing greater than 
various numbers of fatalities. Obviously, these data reflect past 
practice and not necessarily levels of risk that are desirable. If the 
"total man-caused" and "total natural" curves are reduced by 1,000 (so 
as to give a level of risk that would not contribute significantly to 
total overall risk} for a 50-year period, there would be a 2.5 percent 
probability of one or more such events. 

The analysis provided above fn the dfscussfon of implied risk can be 
used, In a crude way, to provide risk estimates for comparison with 
Figures Cl-17 and Cl-18. Consider buildings of moderate size housing 
severa I hundred people, such that a structura 1 co 11 apse wou 1 d--con
s i der i ng that buildings are usually unoccupied or lightly occupied for 
much of a week--on the average cause 100 fatalities. For the case of 
five cities with 100 buildings in each city, the frequency of an earth
quake causing about 100 fatalities was estimated to be 0.003 events per 
year. With 50 cities wfth 100 such buildings each, the rate rises to 
0.03 events per year. To the extent that this calculation Is valid, it 
might then be concluded that the Prov1s!ons are not unduly conserva
tive. 

Another approach to determining an appropriate level of risk Is by a 
cost-benefit analysts. Such analyses are dffffcult when lives are at 
stake but can be applied to the prospectfve loss aspect of earthquake 
damage. Although th .e Provisions have been written to minimize the 
hazard to life safety, as a by-product they will reduce damage costs-
especially during moderate-sized earthquakes. In hfghly seismic areas 
where moderate earthquakes occur frequently, any increase in building 
costs wi 11 be offset by reduced costs of damage. In less selsml c 
areas, however, sel smic desfgn requirements can be justified only In 
terms of life safety since the expected -savf ngs in damage during very 
infrequent earthquakes are not great enough to just f fy an average 1 
percent increase fn building costs. 
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Other Vl~tnts 

The technical approaches described in the previous paragraphs are 
useful In helping to decide whether or not the level of risk Implicit 
in a proposed course of action is acceptab 1 e. However, these 
approaches do not by themse 1 ves make 'such dee i s ions. Rather, they are 
made through legislative, administrative, and judicial processes. 

In proposing and enacting legislation, administrative and 'legislative 
bodies have Increasingly expressed Interest In results from technical 
cost-beneff t and risk-benefit studies. However, such bodies make It 
clear that they do not wish to be bound by the results of such studies, 
and it is understandable that any administrator or legislator would be 
very hesitant to explicitly endorse any non-zero risk of fatalities as 
being acceptable. Ultimately, administrators and legislators are 
guided by their own perceptions of the wishes of society. 

Soc i ety--the mass of peop 1 e--makes I ts dee is f ons based on fragmented 
information and from many varying viewpoints. The people, indfvidually 
and collectively, simply do not perceive risk In a quantitative manner 
that can even relatively be correlated. Society Is strongly Influenced 
by credible leaders. To the extent that such leaders are influenced by 
technical analyses, society fs Indirectly influenced by them. 

Administrative bodies have the task of interpreting legislation so as 
to know how to apply it, and the act of interpretation implicitly in
volves decisions about acceptable risk. In this role, administrative 
bodies evaluate their risk by relating administrative directives to the 
ultimate fn peer practice. 

Often the courts become the final judge of whether a proposed course of 
action for mftigattng a hazard Is acceptable. The body of law that has 
been developed in the area of flood plafn regulation Is a useful guide 
to Judicial reactfons to hazard mitigation. The lesson ts to match the 
severity of the regulation to the severity of the risk. The courts 
f o 11 ow the pr f nc Ip 1 e of the reasonab 1 e person who str Ives to ach f eve 
this balance and uses data to support findings of the appropriate bal
ance. 

1.4.2 Set911lc Hazard E>ep0sure Groups 

Historically, the typical occupancy classlffcations in building codes 
are based on the potent I a 1 hazards as soc I ated w I th f I re. Rev I ew and 
eva 1 uat I on of ex I st I ng bu I 1 d I ng code prov I s Ions I nd f cated that most 
occupancy type c 1 ass If I cat f ons do not meet the purpose of th Is docu
ment. For example, a large-scale enclosed-mall-type regional shopping 
comp 1 ex f s a re 1 at Ive 1 y new arch i tectura 1 form represent f ng a poten
t I a 11 y high r I sk occupancy that ex fst Ing codes do not spec I ff ca 1 1 y 
address properly. These classifications are based not only on different 
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cons I de rations than those re I ated to seismic res I stance but a I so, In 
some cases, on considerations that are contrary to good seismic perfor
mance. 

Attention was given to the Hodel Code Standardization Conmlttee's 
( HCSC) Code Change Proposa I l l l - 7 5-1 , wh f ch reconmended a ser I es of 
change of occupancy designations to refer to the same use In all model 
codes. The HCSC changes, however, did not seem sufficiently varied to 
cover all Issues related to seismic safety since they were limited to 
on 1 y seven broad ff re-oriented c I ass If I cat Ions: assemb 1 y, bus I ness 
(Including offices, factories, mercantile, and storage), educational, 
hazardous, institutional, miscellaneous structures, and residential. 

A new approach was needed for def In Ing occupancy exposure to se I sm i c 
hazards based on a coomonallty of conditions proposed for the use of a 
building facility or space. These conditions would Involve evaluation 
of parameters consisting of, but not limited to: 

1 • The number, age, 1 and cond ft I on of the persons norma 11 y ex
pected to be within or without the lnmedlate environs of the 
bui ldl ng. 

2. The size, height, and area of the building. 

3. The spacing of the buildings relative to public rights-of-way 
over which the designer has no control relative to the future 
number of persons exposed to risk by the buildings; 

4. The varying degree of built-In or brought-In hazards based on 
possible use of the building. 

Accordingly, as development of the Provisions was beginning, occupancy 
types were regrouped and expanded to cover a complete range of factors 
critical to seismic safety In terms of 11fe loss. The expanded classi
fication types were derived from the 1973 Uniform Building Code (USC) 
and are presented in Table CS-5, "Tentative Matrix," In the Chapter 8 
Comnentary. ( Note that they were deve 1 oped on 1 y for study purposes 
and are not Intended as reconmended changes to any building code.) 

In terms of post-earthquake recovery and redevelopment, certain types 
of occupanc I es are v I ta 1 to pub 11 c needs. These spec I a 1 occupanc I es 
were Identified and given specific recognition. In terms of disaster 
preparedness, f1 re and po 11 ce stat Ions, hosp I ta 1 s, and reg Iona 1 com
mun I cation centers Identified as critical emergency services should not 
be Included In the same classification as retail stores, office build
ings, and factories as Is presently the case In some codes. 

Because of vital public needs lnmedlately following a natural disaster, 
attention was given to the preservation of strategic contents In dis
tinct building types. for example, should storage facilities for 
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med I ca 1 supp 1 f es, er ft f ca 1 foodstuffs, and other emergency mater i a 1 s 
require a higher seismic performance than the storage of less vital 
reserves and provisions? It was noted that disaster recovery officials 
lnftlal ly considered the Identification and protection of critical 
stocks needed during or lnmedfately fol lowing an earthquake to be of 
paramount Importance. This was not to imply that all warehouses and 
storage facllltfes must be designed for the ultimate protection of any 
or al 1 contents. What was Indicated was that warehouse faci 1 ities 
shou 1 d be des I gned on the bas f s of the Ir max I mum 1 eve 1 of intended 
function or, to state ft another way, medical supply warehouses being 
des f gned under higher standards may house anyth Ing wh 11 e storage fa
c I 1 lties of lesser ratings may not store critical supplies unless 
brought up to a h I gher 1 eve 1 of se I smf c performance _. 

Subsequent discussions with disaster recovery officials revealed that 
emergency cont f ngency p 1 ans contemp 1 ated br f ng i ng needed med I ca 1 and 
other recovery I terns f nc 1 ud Ing foodstuffs into a d tsaster area from 
outside staging areas. Therefore, no separate category of warehousing 
was required for the storage of critical ' materials. Table C8-3 thus 
has 9 occupancy groups, A through I, with some individual occupancies 
and groups bearing little or no relationship to current code groupings. 

The occupancfes then were consolidated into five basic groups by making 
a few comprom fses. Th f s con so 1 f dat f on was done in an effort to p 1 ace 
those occupancies Initially 1·1sted fn the "Tentative Hatrfx" Into 
groups that shared common component performance er f ter fa. The con
so 1 f dat f on f nd f cated that these groups we·re eas f 1 y f dent If f ab 1 e by use 
patterns, confirmation of the orfglnal occupancy-c~ent-performance 
criteria ratfng. This Intermediate group was: 

Group 1--flre, police, hospitals. 

Group I I --pub 1 f c assent> 1 y, open a Ir stands, day care, schoo 1 s, 
co 11 eges, reta f 1 stores, shopp Ing centers, off Ices, hote 1 s, 
apartments, emergency vehicles, power utilities. 

Group 111--restralned occupants, nurseries (nonambulatory). 

Group IV--af rcraft hangers, woodworking, factor I es, repaf r gar
ages, serv f ce stat f ons, storage garages, who 1 esa 1 e, genera 1 
warehouse, printing plants, factories, fee plants, dwellings, 
hazardous flammable storage, less hazardous flammable storage. 

Group V--pr f vate garages ·, sheds, barns. 

The occupancy grouping In Table C8-4 represents that set used In the 
1985 Edftfon of the Prov1s1ons. It resulted from a logical consolida
tion of Table C8-3, consideration of code enforcement problems, and the 
need to use a common hazard exposure grouping for al I of the design 
prov f slons. The gro'-Jpf ng and deft nit ion were modlff ed In the 1988 
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Edition. It is felt that this grouping can be augmented as local 
cond it f ons warrant. Specific cons i de ration was given to Group I 11 , 
essential facilities, to ensure that only those facilities specifically 
designated by the cognizant Jurisdiction would be included because this 
determination has both political and economic impact. 

Group II contains those occupancies that have large numbers of occu
pants either due to the overall size of the building or the number of 
stories; the character of the use, such as public assembly, schools, or 
colleges; or a height that exposes the occupants to greater life safety 
hazard. other considerations included uses wherein the occupants were 
restrained or otherwise handicapped from moving freely, such as day 
care centers, hospitals, and Jails. 

Group I contains all uses other than those excepted generally from the 
provisions fn Sec. 1.2. Those In Group I have lesser life hazard only 
insofar as there Is the probability of lesser numbers of occupants in 
the buildings and the buildings are lower and/or smaller. The height 
of four stories was used In part due to the general model code use of 
this height as being the maximum allowable height for wood frame and 
masonry/wood frame classes of buildings. 

In buildings with multiple uses, the bul ldfng is to be assigned the 
classification of the highest group that occupies 15 percent or more of 
the total but ldfng area. Such assignments also should be considered 
when changes are made In the use of a bu i 1 d f ng even though ex i sting 
buildings are not within the scope of the Provisions. For example, If 
a portion subject to change of use is in a building of Seismic Hazard 
Exposure Group 1 , the port f on represents 1 5 percent or more of the 
total but ldfng area and the use fs found in Seismic Hazard Group I I, 
then the entire bui ldlng should be reclassified to Group l I and the 
appropriate Seismic Performance Category applied based on the appropri
ate value of Av and the Seismic Hazard Exposure Group II classifica
tion. 

Consideration originally was given to reducing the nunber of groupings 
by comb Inf ng Groups I and I I and 1 eav i ng Group 111 the same as i s 
stated above. It was the. consensus of those involved that such a 
merging would not be responsive to the relative life hazard problems. 

1.4.3 Selsn1fc Perfo rnence Categories 

This section establishes the five design categories that are the keys 
for establishing requirements for any building based on its use (Seis
mic Hazard Exposure Group) and on the level of expected seismic ground 
mot I on ( spec I fl ca 11 y, the coef ff cf ent Av) • Once the Se I sm i c Perfor
mance Category (A, B, C, D, or E) for the building is establ ished, many 
other requirements such as detailing, quality assurance, limitations, 
specialized requirements, and change of use are related to ft. 
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The 1985 Edftfon of the Provisions contained four categories (A, B, C, 
and D) with Category B sp 1 ft for some mater i a 1 s. The 1 988 Edit I on 
extended this to all materials and redesignated the categories as A, B, 
C, D, and E. 

1.4.4 Category E SI te Lf • I tat I on 

Essential facilities that may be required after an earthquake and that 
are located In zones of hfgher seismicity should not be located over 
an active fault . Although some structures could and may be designed to 
remain Intact even ff a fault occurs at the base, knowingly exposing an 
es sent I a 1 fac i 1 f ty to such a r I sk is unreasonab 1 e and shou 1 d be un
necessary. 

1.5 ALTERNATE ltATERIALS ANO ttETI«lOS Of CONSTRUCTION 

It is not possible for a desfgn standard to provide criteria for the 
use of a 11 poss I b 1 e materials and their comb i nat Ions and methods of 
construction either existing or anticipated. While not citfng specific 
materials or methods of construction currently available that require 
approval, this section serves to eq:,haslze the fact that the evaluation 
and approva 1 of alternate mater i a 1 s and methods require a recogn I zed 
and accepted approval system. The requirements for materials and 
methods of construct I on conta f ned w f thin the document represent the 
judgment of the best use of the mater I a 1 s and methods based on 
we 11-estab 1 i shed expertise. It f s I q:,ortant that any rep 1 acement or 
substitute be evaluated with an understandfng of all the ramifications 
of performance, strength, and durability implied by the Provisions. 

It also is recognized that until needed approval standards and agencies 
are created, regulatory agencies wfll have to operate on the basis of 
the best evidence available to substantiate any application for alter
nates. It Is strongly r.ecomnended that where there ts an absence of 
accepted standards, appl fcatlons be supported by extensive rel table 
data obtained from tests simulating, as closely as fs practically feas
ible, the actual load and/or deformation conditfons to which the mater
ial is expected to be subjected durfng the service life of the build
ing. These conditions, where applicable, should Include several cycles 
of full reversals of loads and deformations in the Inelastic range. 

1.6 QUALITY ASSURANCE 

Earthquake-related but ldfng failures that are directly traceable to 
poor quality control during constructfon are fnnumerable. The litera
ture is replete wfth reports pointing out that collapse may have been 
prevented had proper Inspection been exercised. 
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The r emarkab 1 e performance dur f ng earthquakes by Ca 1 i forn fa schoo I s 
constructed sf nee 1933 f s due In part to the r f gorous superv f sf on of 
construct f on required by state 1 aw. Independent spec I a 1 Inspect f on, 
approved and superv f sed by the Office of the State Arch I tect, f s an 
important feature of the Ca 1 I forn i a requirements. Such an exce 11 ent 
record of performance has influenced the writing of the Provisions so 
as to rely heavily on the concept of special inspection to ensure good 
construction. 

Recognizfng that there must be coordfnated responsfbflfty durfng con
structfon, the Provisions set forth the role each party is expected to 
play fn construction quality control. The building designer specifies 
the qual tty assurance requirements, the contractor exercises the 
contro 1 to ach I eve the des f red qua 1 f ty, and the owner monitors the 
construction process through special Inspection to protect the publfc 
f nterest f n safety of bu f 1 dings. Thus, the Spec fa 1 Inspector is the 
owner's inspector. It f s es sent fa 1 that each party recognize hf s or 
her responsfbi 1 ftfes, understand the procedures, and be capable of 
carry f ng them out. Because the contractor and the spec fa 1 ty subcon
tractors are doing the work and exercf sing control on quality, it is 
es sent i a 1 that the special f nspect f on be performed by someone not in 
their d f rect emp 1 oy and a 1 so be approved by the Regulatory Agency. 
When the owner is also the builder, he or she should engage Independent 
agencies to conduct these inspections rather than try to qualffy his 
hfs or her own ef11)1oyees. 

The approach used in preparfng the 1978 ATC provfsfons was to borrow 
liberally from the pattern already established by the 1976 UBC, which 
detailed structural qualfty provisions fn Chapter 3, Sec. 305, Special 
Inspections • These were reta i ned w f th m f n i ma 1 change I n Chapter 3 , 
Sec. 306, Specfal lnspectfons, of the 1985 UBC. There have been some 
changes fn the 1988 Edition of the Provisions as well as in the 1988 
UBC. 

There are two major dffferences, however, between the NEHRP Recommended 
Provisions and the UBC. First the Provisions cover only those portions 
and components of the bufldfng that are directly affected by earthquake 
motfons and whose response.could affect lffe safety and continued func
tionfng of the building (where designated). Second, the Provisions for 
the first time attef11)t to place minimum qualfty assurance requirements 
on I nstal latfon of nonstructural components that are designated as 
deserv Ing spec f al attent I on during construct f on. These are descr I bed 
as "Des I gnated Se f sm I c Systems" throughout and are deft ned as be f ng 
"the Sefsmfc Reslstfng Systems and those architectural, electrical, and 
mechan f ca 1 systems and the fr components that requ f re spec fa 1 perfor
mance character f st i cs." Th ts means that the designer most f amf 1 i ar 
with the requfrements of each system must spell out fn a Quality As
surance Plan those components that will require special fnspectfon and 
tests durfng constructfon to assure their abflfty to perform satlsfac
torfly durfng earthquakes. 
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These prov is Ions are concerned with those components that affect the 
building performance during an earthquake and/or that may be adversely 
affected by earthquake motions as specified under other sections of the 
Provisions. The requirements under Sec. 1.6 are minimum and it could 
very we 11 be the dee i s I on of the designers to inc 1 ude a I 1 phases of 
construction throughout the project under a Quality Assurance Plan. 
For many buildings, the additional cost to do so would be minimal. The 
primary method of achieving quality assurance is through the use of 
spec I a 11 y qua 1 if I ed Inspectors approved by the Regu 1 atory Agency and 
working on behalf of the owner. The number of such inspectors actually 
employed will vary widely depending on the size, complexity, and func
tion of the bu i 1 ding. These provisions permit the des I gner or h Is 
employee to perform these inspections as long as they are approved by 
the Regulatory Agency having jurisdiction and can demonstrate reason
able competence In the particular category of work they inspect. 

1.6. 1 Quality Assurance Plan 

Introduced here is the concept that the Quality Assurance Plan must be 
prepared by the person responsible for the design of each selsml c 
system subject to quality assurance whether it be architectural, elec
trical, mechanical, or structural in nature. The plan may be a very 
simple listing of those elements of each system that have been desig
nated as being Important enough to receive special Inspection and/or 
testing. The extent and duration of inspect I on must be set forth as 
well as the specific tests and the frequency of testing. 

Although some design professionals have expressed reluctance to assume 
this duty because of an assumed increase In potential liability, it has 
been demon st rated by the performance of schools in Ca 1 i forn i a earth
quakes that the Improved quality also acts to protect the professional. 
Furthermore, the design professional 1s the most qualified person to 
prepare such a p 1 an s i nee he 1 s the most f am I 1 I ar w 1th the design 
concept. 

The Regulatory Agency, however, must approve the plan and must obtain 
from each responsible contractor a written statement that the contrac
tor understands the requirements of the plan and will exercise control 
to obtain conformance. The exact methods of control are left up to the 
individual contractor subject to approval by the Regulatory Agency. 
However, special inspection of the work Is required in specific situa
tions to give the agency reasonable assurance that the approved draw
ings and specifications are followed. 

1.6.2 Spec fa I Inspection 

The requirements listed in this section from foundations through struc
tural wood are basically the same as those currently requiring special 
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fnspectfon under the 1988 UBC and It is a premise of these provisions 
that there wfll be available an adequate supply of knowledgeable and 
experienced inspectors to draw upon for the structural categories of 
work. Special training programs . may have to be developed and imple
mented for the nonstructural categories. 

A Special Inspector (identified as the owner's Inspector) Is defined as 
a "person approved by the Regulatory Agency as being qual ffled to 
perform special inspection." As a gufde to such agencies, ft ts 
contemplated that the Special Inspector may be one of the following: 

1 . A person employed and superv I sed by the des I gn arch I tect or 
engineer of record who is responsible for the des I gn of the 
designated seismic system for which the Special Inspector is 
engaged. 

2. A person employed by an approved Inspection and testing agency 
who Is under the direct supervfslon of a registered engineer 
also employed by the same agency. 

3. A manufacturer or fabricator of components, equipment, or ma
chinery who has been approved for manufacturing components 
meeting seismic safety standards and who maintains a quality 
control plan approved by the Regulatory Agency. Evidence of 
such approval must be clearly marked on each designated seis
mic system component shipped to the Job site. 

1.6.2.8 Archi tec tu ral Conponents 

It Is anticipated that the minimum requirements for architectural 
components w f l l be C001J l i ed with when the Special - Inspector 1 s sat 1 s
f fed that the method of anchorage or fastening and the number, spacing, 
and types of fasteners actually used conform with the plans and speci
fications for the component installed. It ts noted that such special 
inspection requirements are only for those components required to have 
superfor (5) or good (G) performance (see Chapter 8). 

1.6.2.9 Mechanica l and Electrical Cooponents 

In addition to verlffcatlon of the fastening and anchorage for mechan
f cal and e 1 ectr f ca 1 components, ft is ant 1 c i pated that the Spec i a 1 
Inspector w i 11 verify that the des 1 gnated components are 1 abe 1 ed to 
meet S or G performance standards as required f n Chapter 8 and as 
established by the Regulatory Agency. 

Close cooperation between the designer, manufacturers, Special Inspec
tor, and Regulatory Agency must be exerc i sed unt f l al l 1 earn the Ir 
respective roles and a definite Inspection routine is establfshed. 
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1.6.3 Special Testing 

The spec 1 f I ed test Ing of the structura 1 mater fa 1 s fo 11 ows procedures 
and tests long established by Industry standards. A possible exception 
is masonry where there was no sfngle nationally accepted standard 
encompassing all of the diversity of materials now being used in 
masonry construction until the appearance of ACI-ASCE 530-88. The 
acceptance crlterfa should be agreed upon prior to contract award. 

1.6.4 Reporting and Compliance Procedures 

The success of a quality assurance plan depends upon the Intelligence 
and knowledge of the fnspector and the accuracy and thoroughness of his 
reports. It should be emphasized that both the Specfal Inspector and 
the contractor are required to submit to the Regulatory Agency a final 
certification as to the adequacy of the corrpleted work. The contrac
tor, with his day-to-day knowledge of the installation, is in the best 
position to state whether or not a I I the construct I on has been com
p I eted in accordance w I th approved p 1 ans and spec I ff cat Ions. To be 
fu 11 y aware, however, the contractor must institute a system of re
porting within his or her organization that enables him or her to 
effectively practice quality control. The inspector can only attest to 
the work he or she has personally inspected and, therefore, acts more 
as an aud 1 tor or monitor of the qua 1 i ty contro 1 program exercised by 
the contractor. 

1.6.5 Approved Kanufacturers' Certlffcatlon 

Provision is made for the special approva 1 of manufactured designated 
components. This arises because most mechanical or electrical equip
ment is manufactured off-site and is del lvered to a job in its own 
contafnet. The Special Inspector, being at the job site, cannot judge 
the adequacy of anchorage or the seismic resistance of the equipment 
contained therein and, In most instances, cannot be present during the 
off-site manufacturing. It 1 s expected, therefore, that a system of 
approvals and labeling -must be established by the Regulatory Agency in 
much the same way as labelfng of fire doors is presently being done. 
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APPEtl>IX TO CHAPTER I 

Alternate "aps and Alternate ltethod for Establlshfng Design Ground 
Notions 

This appendix Introduces new maps (Figures 1-5 through 1-8) deffnfng 
the seismic ground-shaking hazard and Incorporates a few necessary 
changes In the express I on of certain prov Is Ions so that the new maps 
might be appropriately used with the NEHRP Recommended Provisions. 
This presentation in an appendix is Intended to encourage evaluation of 
the new maps and new procedures through use. Conment Is encouraged. 

As explained In the conmentary for Sec. 1.4.l, the two maps fn the 1985 
Edition of the Provisions were developed during the ATC-3 project from 
a single map prepared by Algermissen and Perkins of the U.S. Geological 
Survey (USGS) fn 1976. In 1982, Algermissen and co-workers published a 
set of probabf 1 istic maps for both acceleratfon and velocity using 
three different exposure times (thus three dffferent levels of proba
bility of exceedance of the ground motions). The basic procedure for 
generation of these new maps was not greatly different from that used 
for the 1976 map. The major d ff ference Is that the map for ground 
ve 1 oc f ty was computed from bas f c data rather than be Ing extrapo I ated 
from the acceleration map. In preparation for the 1988 Edition of the 
Provisions, the Building Seismic Safety Council conmlttee dealing with 
the def In It I on of the ground-shaking hazard dee I ded that the maps 
represented a step forward and reconmended that a modified version be 
incorporated Into the 1988 Edition. The maps and the modifications are 
described below. 

The ground motion maps of the contiguous United States presented here 
are the expected maximum horizontal acceleration and velocity in rock 
for periods of Interest (exposure times) of 50 and 250 years (average 
return period for the expected ground motions of 474 and 2372 years). 
The mapped accelerations and velocities have a 90 percent probability 
of not being exceeded in the appropriate exposure times. Rock is taken 
here to mean material having a shear wave velocity of between 0.75 and 
0.90 km/sec (Algermlssen and Perkins, 1976). For a more complete 
discussion of the selsmotectonic model, sefsmlclty data and probabl 1 is
tic model used, see Algermlssen et al. (1982). 

This model (Algermlssen et al., 1982) has been used to recompute, for 
the maps presented here, ground motion values that Include uncertainty 
In ground motion attenuation and fault rupture length. The estimates 
of uncertainty for fault rupture length relationship used for the maps 
Is that of Hark (1977). The acceleration attenuation for the western 
Un I ted States Is that of Schnabe 1 and Seed ( 1977) mod I ff ed for the 
eastern Un I ted States by A 1 germfssen and co-workers ( 1982). The 
velocity attenuation used In the preparation of the maps was developed 
by Perkins and Harding (1988) using a data set and methods of analysis 
s Im i 1 ar to that of Schnabe 1 and Seed ( 1977) • HcGu I re and Shed 1 ock 
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(1981) give a standard deviation for Mark's (1977) fault rupture 
relationship of log (rupture length L) = 0.52 and Schnabel and Seed's 
(1977) attenuation relationship of lne {attenuation)= 0.62. 

As already noted, the data and probabilistic model used (Algermissen et 
a 1 . , 1982) is the same as for the present maps. There Is a sf ng 1 e 
exception, however. Seismic Source Zone 104 of the Algermlssen et al. 
report (1982) has been used in a different manner in the computation of 
the maps presented here. The line source fault model used by Algermis
sen and co-workers (1982) to concentrate selsmicity on the Ramapo fault 
within Zone 104 has not been used for the present maps. It now Is 
believed that this source of selsmlcfty is more difficult than pre
viously modeled and, consequently, in the model used here, the seis
mfcity within Zone 104 Is distributed equally throughout the zone and 
not concentrated along the Ramapo fault (seep. 17, Figure 3, Algermis
sen et al., 1982). 

The ground motion maps for Alaska also have been rec~uted to Include 
f au 1 t rupture length and attenuat I on var i ab I 1 i ty us f ng the data and 
probab i l I st I c model of Thenhaus and co-workers ( 1982). The same 
standard deviations for f au 1 t rupture 1 ength and attenuat I on as used 
for the contiguous United States was used In the recomputatlon of the 
Alaska ground motion maps. 

The ground motion maps for Hawaii and Puerto Rico Included In Figures 
1-5 and 1-6 are taken directly from Part 2 of the 1985 Edition of the 
NEHRP Recommended Provisions. The only modification of these maps Is 
the conversion of the velocity contours from f nches per second to 
centimeters per second to conform with units used on the other maps. 
The ground motion values shown for Hawaii and Puerto Rico do not 
represent the results of a particular probabl 1 istlc ground motion 
calculation but are weighted averages of the ground motion estimates 
ava I 1 ab 1 e at the t f me of the ATC 3 study ( 1978) • The mapped va 1 ues, 
however, are in general agreement with recent studies of probabilistic 
ground motion In these areas. Also, new mapping was not done for the 
other Island regions shown on the 1985 maps; the Aleutians, Guam, 
Tutulla, and the Virgin Islands. 

The new maps represent a very significant change from the maps in the 
main body of the Provisions In the areas of highest seismic activity. 
Specifically, the values of acceleration and velocity on the new maps 
are much higher for regions close to major faults In Calffornla. Some 
of this results from reffnement in the analytfcal and statistical 
models for ground motion, but rTKJch of the difference results from the 
fact that the maps Included In the 1978 ATC-3 report and the 1985 
Edition of the Provisions truncated the highest values of acceleration 
from that shown on the 1976 Algerml ssen-Perkfns map. (Refer to the 
d 1 scuss I on under "Hap of EPA" In Sec. 1 • 4. 1 of the Commentary for an 
explanation of the ratfonale for truncating the higher values.) 
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A 1 though va 1 ues of acce 1 erat f on greater than 40 percent grav I ty and 
values of velocity greater than 40 centimeters per second are not 
required by the "Provisions" for use In desfgn, the new maps have 
acceleration and velocity contours as high as 80 percent of gravity and 
80 centimeters per second, respectively, with Indications of hfgher 
accelerations and velocftles wfthtn those contours. The earlier maps 
have no contour greater than 40 percent of grav I ty and there Is no 
I nd f cat I on of hf gher va I ues w I th I n that contour • It shou 1 d be noted 
that w f th In the areas of the 80 percent grav I ty contour some of the 
va I ues computed f n deve 1 oping the new maps are substant fa 11 y hf gher 
than 80 percent, particularly for the map with a 250-year tfme exposure 
(Figure 1-7). The same ts true for velocftfes on the velocity maps. 
The geographical areas within the highest contours are quite small and 
m I crozon Ing wou 1 d be requ I red to accurate 1 y portray the acce 1 erat I on 
and velocity fnformatfon. 

After considerable discussion, the BSSC conmlttees responsible for 
preparing the 1988 Edition of the Prov1s1ons decided to retain the 
concept of truncating the higher values of acceleration and velocity 
for use In structura I ana I ys Is and design. The 11 ml t for peak ac
ce 1 erat I on Is retained at 0.4g (40 percent of gravity). The limit for 
velocity Is set In a fashion that results In approximately an 8 percent 
Increase In des I gn va I ues for areas that wou 1 d be truncated on both 
sets of maps. Conment on the concept and the specific values ts 
encouraged. 

The fnclusfon of the maps with the longer exposure perfods ts Intended 
to allow users to develop some perspective on the Issue of performance 
expected should a rare event occur. The ratio between ground 1110tfons 
for the two exposure per f ods I s not constant: genera 11 y, In areas 
with low to moderate setsmfctty, the motions for the longer exposure 
period are a larger multiple of those for the shorter period than In 
areas with the highest sefsmfctty. 

Because the new maps expressed ground velocity In units of velocity 
rather than as velocity-related acceleration, some conversion Is 
necessary to use the prov I s Ions. Av f s used for sever a I purposes in 
the Prov1s1onss 

1. To provide a design coefficient, 

2. To define the level of sefsmlctty, and 

3. To deffne the desfgn spectrum. 

The bast c relation Av s 0.012v was developed In a study by Wu and 
Hanson (1987) for the first purpose. 
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Strict application of the basic relation for the second purpose would 
have resulted fn division points for the old Selsmlclty Index at 
velocities of 4.2, 12.5, and 16.7 cm/sec, which correspond directly to 
Av values of 0.05, 0.15, and 0.20. Direct use of these values would 
l~ly a precision not Intended by the original use of Av· Furthermore, 
an additional division point was necessary for the new set of Seismic 
Performance Categories used fn the 1988 Edition. (Prior to 1988 there 
were four, not ffve, categories.) Given the opportun ,lty to plot 
contours at reasonable Intervals for Interpolation and the changes In 
requirements for Seismic Performance Categories, It was decided to plot 
contours for velocities of 2.5, 5, 7.5, 10, 15, 20, 30, 40, 60, and 80 
cm/sec and to make the values of 2.5, 5, 10, and 20 serve as the 
division lines for defining the level of selsmfcfty fn determining the 
Seismic Performance Categories (Table lA-2). (Some of the Intermediate 
contours are omitted where several lines are close and parallel.) The 
net effect of the new maps and new points for defining Seismic Perfor
mance Category Is that for many sites application of the "Appendfx to 
Chapter l" will result In a different Seismic Performance Category than 
would be obtained from application of "Chapter 1" without the appendix. 
Such changes must be evaluated on a case-by-case basis. 

WI th regard to the th I rd purpose, the use of ve I oc I ty I n cm/ sec I n 
definition of the design spectrum (Eq. 4-2) fn lieu of the velocity
related acceleration coefficient Av fs not a direct substitution. The 
study by Wu and Hanson pointed out that -one of the premises of the 
or I g Ina I deve I opment of the equat f on--that the spectral response 
ve I oc I ty was 2. 5 t I mes the ef feet Ive peak ground ve I oc I ty--was qu I te 
conservative. (The 2.5 Is explained under "Ground Hotton Parameters" 
In Sec. 1.4.1 of the Coamentary.) Wu and Hanson developed the new 
equation 

C o,013vS s = 
RT2/3 

based upon a ratio of response velocity to ground veloclty of approx
imately 1.65 Instead of 2.5. The 1.65 represents a mean value of the 
rat Io for average so I I proff I es. Cons I derat I on of re 1 at Ions between 
response velocity, response acceleration, ground velocity, and ground 
acceleration was given for various types of soil profiles and for 
several sites with widely different levels of setsmlclty by Wu and 
Hanson In arriving at the new expression for Cs In the velocity region 
of the spectrum. No corresponding change was made In the acceleration 
region of the spectrtMD (periods less than about 0.5 sec). If a similar 
rat Iona 1 e ( use of the mean va I ue) were app I I ed I n the acce 1 erat I on 
region, the difference would not be as dramatic. 
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Chapter 2 r.c..entary 

DEFINITIONS AND SY"80LS 

Th I s chapter def i nes the terms and symbo I s used I n the Prov I s I ons • 
Added for the 1988 Edition are definitions related to base shear, 
concentrically and eccentrically braced frames, the story drift ratfo, 
story shear, torsion, and symbols A and v for use with the new maps and 
procedures presented In the "Appendix to Chapter l." 
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3.1 

Chapter 3 ea..entary 

SlRUCTURAL DESIGN REQUIREttENTS 

DESIGN BASIS 

In these provfsfons, the desfgn of a structure (sfzfng of fndfvfdual 
members, connect Ions, and supports) Is based on the f nterna 1 forces 
resulting from a lfnear elastic analysts usfng the prescribed forces. 
It assumes that the structure as a whole under these prescribed forces 
should not deform beyond a pofnt of slgnf ffcant yfeld. The elastf c I 
def ormat Ions then are amp 1 If I ed to est f mate the rea 1 deformat Ions In 
response to the des I gn ground mot I on. (The amp 1 f ff cat I on fs In Sec. 
4.6.) Sec. 3.8 prescribes the story drift limits contro111ng the 
deformation in the I ne 1 ast I c range when the structure Is subjected to 
the actual seismic forces that may be generated by the specffled ground 
mot I on. Th Is procedure d If fers from that In pr I or codes and des f gn 
provfslons wherein the prescribed loads, sfzfng, and drtft limits were 
at service or working stress levels. 

The term "significant yield" specifically Is not the point where first 
yield occurs In any member but Is deffned as that level causing com
plete plasttflcatlon of at least the most crtttca1 region of the struc
ture (e.g., formatfon of the first plastfc hfnge fn the structure). A 
struct1.:1ra 1 stee 1 frame of co,q:,act ment>ers Is ass\.Mlled to reach th f s 
pofnt when a plastfc hinge develops fn the most crftfcal member of the 
structure. A concrete frame reaches thf s sfgnlflcant yfeld In fts 
response to the prescrfbed forces when at least one of the sections of 
Its most crttfca1 component reaches fts strength as set forth fn 
Chapter 11 • For other s'tructura 1 mater I a 1 s that do not have the fr 
sectfona1 yfeldlng capacftfes as easily defined, modfffers to working 
stress values are provfded In the respectfve material sectfons (Chap
ters 9 and 12). 

These provfsfons cont~late a seismic resfstfng system wfth redundant 
characterf stfcs wherein overstrength above the level of slgnfffcant 
yield Is obtained by plastfffcatfon at other pofnts fn the structure 
prfor to the formatfon of a complete mechanfsm. For ex~le, In the 
two-story bent fn Ffgure C3-l, stgntffcant yield fs the level where 
Plastfflcatfon occurs at the most crftfcal Jofnt shown as Joint I and 
as Po I nt 1 on the 1 oad-defl ect I on d I agram. WI th f ncreased 1 oad Ing, 
causfng the formation of addltfonal plastfc hfnges, the capacity 
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fncreases (followfng the sol Id llne) until a maximum Is reached. The 
overstrength capacity obtained by thfs continued lnelastfc action 
provides the reserve strength necessary for the structure to ·reslst the 
extreme motions of the actual sefsmfc forces that may be generated by 
the spec If I ed ground mot I on. The dotted 1 I ne In FI gure C3-1 Is the 
load-deflect fon curve fncludfng the P-delta effects. The dash-dot line 
Is the elasto-plastfc curve that results with certain systems and 
materfals. 

FORCES DEVELOPED UNDER SPECIFIED 
GROUND MOTION If STRUCTURE BEHAVES 
LINEARLY ELASTIC. 

SIGNIFICANT 7 
YIELD 

ACTUAL BEHAVIOR OF STRUCTURE 
UNDER SPECIFIED GROUND MOTION. 

PRESCRIBED 
FORCES (DESIGN) 

( 

/. 
1 

WITHOUT P - A 

z"'3 _-1._---1!:_WITH P -A 
I ~-- --- --.----

--....:. ___ _,:_ ,CEL-AS-T-0--P-LA-STIC (WITHOUT p - A) • ~·------ -·---ELASTO-PLASTIC (WITH P - A) 

DEFLECTION 
(A) 

TYPICAL BENT 
(B) 

FIGURE Cl-I 
formtlon of plastlc hinges. 
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The respons~ modfffcatfon factor, R, and the Cd value for deflection 
ampl fflcatlon (Table 3-2), as wel 1 as the criteria for story drift 
Including the P-delta effects, have been established considering that 
structures generally have additional overstrength capacity above that 
whereby the design loads cause significant yield. The R factor essen
tially represents the ratio of the forces that would develop under the 
specified ground mot f on if the structure behaved ent I re 1 y 1 I near I y 
e 1 ast I c to the prescr I bed des I gn forces. The structure Is to be 
designed so that the level of significant yield exceeds the prescribed 
design force. The ratfo R is always larger then 1.0; thus, all struc
tures are designed for forces sma 11 er than the des f gn ground motion 
wou 1 d produce In a completely 1 I near-elast f c responding structure. 
This reduction Is possible because of the actual_ energy absorption and 
energy dlsslpatfon capacity (toughness) that the whole structure 
possesses due to Its capability to deform inelastically. This capacity 
Is represented by the area under the actual load deformation curve. In 
establ lshfng the R value, consideration also has been gfven to the 
performance of the different materials and systems in past earthquakes. 

Note that the value of R increases wfth higher toughness and damping 
whereas the design seismic force decreases. R Is used In the denom
inator of the term to calculate the design seismfc force coefficient Cs 
(Eq. 4-2). 

The values of R must be chosen and used with careful judgment. For 
example, lower values must be used for structures possessing a low 
degree of redundancy wherein all the plastic hinges required for the 
formation of a mechanism may be formed essentially simultaneously and 
at a force level close to the speclffed desfgn strength. This situa
tion can result In consfderably more detrimental P-delta effects. 

It should be noted that the desfgn selsmf c coefff cf ent Cs (Eq. 4-2) 
does not fnclude a factor that varies for different types of occupan
cies. This point reflects the belief that Increasing the forcing func
tion alone does not necessarl ly Increase the performance and is dis
cussed more fully later In thfs comnentary. The improved performance 
characteristics desired for more critical occupancies are provided by 
the design and detailing requfrements set forth In Sec. 3.6 for each 
Sef sml c Performance Category and the more strfngent drift 1 lmfts in 
Table 3-5. 

Sec. 3.1 In eff~ct calls for the seismic design to be complete and In 
accordance with the principles of structural mechanics. The loads must 
be transferred rationally from their point of origin to the final 
points of resistance. This should be obvious but Is often overlooked 
by those Inexperienced fn earthquake engineering. 
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3.2 SITE EFFECTS 

The "Chapter 1 Commentary" for Sec. 1.4.1 presents the discussion 
app 1 i cab 1 e to Sec . 3 . 2 • 1 and 3 . 2 . 2 • The "Append i x to Chapter 6" and 
I ts commentary provide background for Sec. 3. 2. 3, Sot I-Structure 
Interaction. 

Sec. 1.4.4 presents site limitations for buildings assigned to Seismic 
Performance Category E. Cr It i ca 1 structures needed after · a disaster 
and located in zones of higher seismicity should not be located over an 
active fault. Although it is known that some structures could and must 
be designed to remain intact even If a fau 1 t surface rupture goes 
through their bases, it is inappropriate for critical facilities to be 
so located. 

3.3 FRA"ING SYSTEttS 

For purposes of these seismic analyses and design provisions, framing 
systems for buildings are grouped into four general categories of 
structural systems as shown in Table 3-2. These categories are similar 
to those conta I ned for many years in the prov Is ions of the Uniform 
Building Code 1 however, a further breakdown is inc 1 uded for various 
types of vertical components of the seismic resisting system. 

In selecting the structural system, the designer is cautioned to con
sider carefully the Interrelationship between continuity, toughness 
(including minimizing brittle behavior), and redundancy in the struc
tural framing system as is subsequently discussed in this coomentary. 

Selection of R factors requires considerable judgment based on know
I edge of actua 1 earthquake performance as we 1 1 as research stud I es; 
~t, they have a major effect on building costs. The factors In Table 
3-2 continue to be reviewed f n 1 ight of recent research results In 
order to ensure the most appropriate values are used. 

In the selection of the R values for the various systems, consideration 
was g I ven to the gener.a 1 observed performance of each of the system 
types during past earthquakes, the general toughness (ability to absorb 
energy without serious degradation) of the system, and the general 
amount of damp Ing present In the system when undergoing i ne 1 ast i c 
response. The des I gner Is caut I oned to be espec I a 11 y carefu 1 In de
ta 11 i ng the more brittle types of systems (low Cd values). 

3.3.l Classff'ication of Fnatng Systeas 

A Bearing Wall System refers to that structural support system wherein 
major load-carrying columns are omitted and the wall and/or partitions 
are of sufficient stre~gth to carry the gravity loads for some portion 
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of the bufldfng (includfng lfve loads, floors, roofs, and the wefght of 
the walls themselves). The walls and partftlons supply, fn plane, 
lateral stfffness and stabflfty to resfst wind and earthquake loadfngs 
as well as any other lateral loadings. In some cases, vertical trusses 
are employed to augment lateral stfffness. 

In general, this system has c~rably lower values of R than the other 
systems due to the frequent lack of redundancy for the vertfcal and 
horizontal load support. The category designated "lfght framed walls 
with shear panels" was Intended to cover wood or steel stud wall 
systems wfth ffnfshes other than masonry veneers. 

A Buf lding Frame System is similar to the "vertical load-carryfng 
frame" system described fn the 1976 Structural Engineers Association of 
California (SEAOC) recommendations. In order to qualify for this 
system, the gravity loads should be carried primarily by a frame sup
ported on columns rather than by bearfng walls. Some mfnor portions of 
the gravity 1 oad can be carr I ed on bear Ing wa 1 1 s but the amount so 
carried should not represent more than a few percent of the buf ldl ng 
area. Lateral resistance fs provided by nonbearfng structural walls or 
braced frames. The light framed walls with shear panels are Intended 
only for use with wood and steel building frames. Although there Is no 
requirement to provide lateral resistance In this framing system, ft ts 
strongly recommended that some moment resistance be Incorporated at the 
Joints. In a structural steel frame, this could be In the form of top 
and bottom clip angles or tees at the beam- or girder-to-column connec
tions. In reinforced concrete, continuity and full anchorage of 
longitudinal steel and stirrups over the length of beams and girders 
framing into columns would be a good design practice. With this type 
of Interconnection, the frame provides a nominal secondary 1 tne of 
resistance even though the c0f1l)Onents of the seismic resisting system 
are designed to carry all the seismic force. 

A Moment Resisting Space Frame System Is a system having an essentially 
complete space frame as In the Building Frame System. However, in this 
system, the lateral resistance ts provided by moment resisting frames 
composed of colurms with Interacting beams or girders. The moment I 
res I st Ing frames may be either Ordinary, Intermediate, or Specfal 
Moment Frames as Indicated In Table 3-2 and 1 lmfted by the Seismic 
Performance Categories. 

Special Moment Frames must meet all of the design and detail require
ments of Sec. 10.7 or Sec. 11.5 and the sections referred to therein. 
The ductf 1 fty requl rements for these frame systems are required In 
areas where high set smfc hazards are anticipated; see Table 1-1. 
Intermediate Moment Frames of concrete must meet the requirements of 
Sec. 11.4. For buildings In which these special design and detailing I 
requ I rements are not used, 1 ewer R va 1 ues are spec I ff ed, Ind I cat i ng 
that ordinary framing systems do not possess as much toughness and that 
less reduction from the elastic response can be tolerated. Note that 
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Sec. 3. 3. 4 requ f res that any moment frames f n Categor f es D or E be 
"Special Noment Frames." 

A Dual System consists of a three-dimensional space frame made up of 
columns and beams that provides primary support for the gravity loads. 
Lateral resistance Is supplied by structural nonbearlng walls or 
brae f ng; the frame i s prov I ded w I th a redundant I at era I force system 
that Is a Moment Frame complying with the requirements of Sec. 10.7 and 
Sec. 11.4 or 11.5. The Moment Frame Is required to be capable of 
resisting at least 25 percent (Judgnenta11y selected) of the specified 
seismic force. Normally the Moment Frame would be a part of the basic 
space frame. The wa I I s or brae i ng act Ing together with the Moment 
Frame must be capable of resisting al 1 of the desfg_n seismic force. 

The fo11owlng analyses are required for Dual Systems: 

l • The frame and shear wa 11 s or braced frames must res I st the 
prescribed lateral seismic force in accordance with the rela
tive rigidities considering fu11y the Interaction of the walls 
or braced frames and the moment frames as a sing 1 e system. 
This analysts must be made In accordance with the principles 
of structural mechanics considering the relative rigidities of 
the elements and torsion In the system. Deformations Imposed 
upon members of the moment frame by the Interaction with the 
shear wa 11 s or braced frames must be cons I dered In th Is 
analysis. 

2. The Moment Frame must be designed to have a capacity to resist 
at 1 east 25 percent of the tota I · required 1 atera 1 se lsmi c 
force including torsfona1 effects. 

Inverted Pendulum Structures are singled out for special consideration 
because of the fr un f que character 1st I cs and because they are often 
associated with bui 1dings. Frequently overlooked design aspects and 
ff e 1 d exper fence make ft des f rab I e to g f ve these structures spec I a 1 
attention. 

3.3.2 

For those cases where combinations of structural systems are employed, 
the designer must use Jud!jJllent In selecting the appropriate Rand Cd 
values. The intent of Sec. 3.3.2.1 1s to prohibit support of one 
system by another possessing characterf sties that result In a lower 
base shear factor. The entire system should be designed for the higher 
seismic shear as the provision stipulates. The exception ts included 
to permf t the use of such systems as a braced frame penthouse on a 
moment frame buf Jding f n whf ch the mass of the penthouse does not 
represent a significant portion of the total bui1dfng and, thus, would 
not materially affect the overall response to earthquake motions. 
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Sec. 3.3.2.2- pertains to d.etaf ls and Is Included to help ensure that 
the more duct 11 e deta f 1 s inherent w I th the des f gn for the hf gher R 
value system will be employed throughout. The Intent Is that details 
conmon to both systems be designed to remain functional throughout the 
response fn order to preserve the Integrity of the seismic resisting 
system. 

3.3.3-3.3.5 SEIS"IC PERFORMNCE CATEGORIES A. B. c. D. ANOE 

General framing system requirements for the ffve building Seismic 
Performance Categories A, B, C, O, and E are given fn these sections. 
The corresponding design and detailing requirements are given In Sec. 
3.6 and Chapters 9 through 12. Any type of buf ldfng framing system 
perm I tted by the prov I s Ions may be used for Categor I es A, B, and C 
except frames limited to Category A or Categories A and B only by the 
requirement of Chapters 11 and 12. Limitations regarding the use of 
different structural systems are given for Categories O and E. 

Sec. 3. 3. 4 covers Category O, wh I ch c0ff1:)ares rough 1 y to the present 
California design practice for normal buildings other than hospitals. 
According to the requfrements of Chapters 10 and 11, all moment-resis
ting frames of steel or concrete must be Special Moment Frames. Note 
that present SEAOC and UBC reconmendatfons have slmf lar requirements 
for concrete frames: however, Ordinary Homent Frames of structural 
steel may be used for heights up to 160 feet (48.6 m). In keeping with 
the philosophy of present codes for zones of high seismic risk, these 
provisions contfnue limitations on the use of certain types of struc
tures over 160 feet (48.6 m) fn height but with some changes. Although 
ft Is agreed that the lack of reliable data on the behavfor of hfgh-
r I se bu I 1 d I ngs whose structura 1 systems I nvo 1 ve shear wa 11 s and/or 
braced frames makes ft convenient at present to establish some limits, 
the values of 160 feet (48.6 m) and 240 feet (73.1 m) Introduced fn 
these provisions are arbitrary. Considerable disagreement exists 
regarding the adequacy of these values, and It Is Intended that these 
limitations be the subject of further study. 

These prov I s Ions requ I re that bu I 1 d I ngs f n Category O over 160 feet 
(48.6 m) In height have one of the following seismic resisting systems: 

1. A moment resisting frame system with Special Noment Frames 
capable of resisting the total prescribed sefsmfc force. This 
requirement fs the same as present SEAOC and UBC reconmenda
tfons. 

2. A Dual System as defined fn Sec. 2.1, wherein the prescribed 
forces are res I sted by the entl re system and the Spec I al 
Noment Frame fs designed to resist at least 25 percent of the 
prescribed seismic force. This requirement Is also similar to 
present SEAOC and · UBC reconmendatlons. The purpose of the 25 
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percent frame f s to prov f de a secondary defense system w f th 
hfgher degrees of redundancy and ductflfty In order to improve 
the ability of the bulldfng to support the service loads (or 
at least the effect of gravity loads) after strong earthquake 
shaking. It should be noted that SEA.QC and UBC provf slons 
pr for to 1987 required that shear wa 11 s or braced frames be 
able to resist the total required seismic lateral forces 
independently of the Special Moment Frame. These , provisions 
requ I re on 1 y that the true interaction behav I or of the 
frame-shear wall (or braced frame) system be considered (see 
Table 3-2). If the analysts of the interacting behavior is 
based only on the seismic lateral force vertical distribution 
recommended in the Equ i va 1 ent Lateral Force Procedure of 
Chapter 4, the interpretation of the results of this analysis 
for designing the shear walls or braced frame should recognize 
the effects of higher modes of vibration. The Internal forces 
that can be developed in the shear walls in the upper stories 
can be more severe than those obtained from such analysis. 

3. The use of a shear wal 1 (or braced frame) system of 
cast-In-place concrete or structural steel up to a height of 
240 feet (73.1 m) Is permitted ff, and only if, braced frames 
or shear walls in any plane do not resist more than 33 percent 
of the seismic design force Including torsional effects. The 
Intent is that each of these shear walls or braced frames be 
In a different plane and that the four or more planes required 
be spaced adequately throughout the plan or on the perimeter 
of the bul ldlng In such a way that the premature failure of 
one of the sfngle walls or frames will not lead to excessive 
inelastic torsion. 

Although the structural system with lateral resistance concentrated fn 
the interfor core, as fndlcated fn Figure C3-2, Is acceptable according 
to the provisions, It Is highly reconmended that use of such a system 
be avofded, particularly for taller buf ldlngs. The Intent ts to 
replace It by the system with lateral resistance distributed across the 
ent I re bu I Id Ing, as shown f n FI gure C3-3. The 1 atter system I s be-
1 f eved to be more suitable in view of the lack of reliable data regard
ing the behavior of tall buildings having structural systems based on 
central cores formed by coupling shear walls or slender braced frames. 

Sec. 3.3.5 covers Category E, which Is restricted to essential facili
ties In zones of relatively high setsmtclty. Because of the necessity 
for reducing risk (particularly In terms of protecting life safety or 
maintaining function by minimizing damage to nonstructural bul ldlng 
elements, · contents, equipment, and utilities), the height limitations 
for Category E are reduced. Again, the llmfts--100 feet (30.5 m) and 
160 feet (48.6 m)--are arbitrary and require further study. The 
deve 1 opers of these prov I s I ons be 11 eve that, at present, I t I s ad
v f sable to establish these limits, but the importance of having more 
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Arrangement of shear walls and braced franaes--not recoanended. 
Note that the heavy lines Indicate shear walls BIWJ/or braced frames. 
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Arrangement of shear wal 1 s and braced frws--reu>11,r.ended. 
Note that heavy 1 Ines l_ndlcate shear walls and/or braced fraaes. 
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stringent requ-lrements for detal l Ing the seismic resisting system as 
well as the nonstructural components of the building must be stressed. 
Such requ I rements are spec If I ed In Sec. 3. 6 and 3. 7 and Chapters 9 
through 12. 

The response of a building will depend not only on the structural ele
ments that the designer has calculated but rather on al 1 elements, 
structural and nonstructural, calculated or not. In the Initial stages 
of a 1 arge earthquake, the base shear and the d I str I but I on of shear 
throughout the height of a building, for example, will be distributed 
to both structura 1 and nonstructura 1 e 1 ements strict 1 y in accordance 
with their effective rigidities. In essence, rigid elements that are 
physically divorced from the structure by flexible connections will not 
be re 11 ab 1 y ef feet Ive for resist Ing shears. However, some st If fness 
due to friction or the force necessary to cause the connections to bend 
will contribute to the shortening of the building period. 

The enclosing of the space frame by rigid nonstructural components 
materially changes the distribution of the Internal forces of the 
structure. For example, · if a fairly strong nonstructural partition is 
rigidly attached to a moment resisting frame, the frame bent will act 
as a shear wa 11 unt 11 fa 11 ure of the part It I on occurs. As a shear 
wall, ft will resist more load than the designer assumed, with higher 
overturning stresses, different diaphragm shears, etc. In some earth
quakes, th Is unca 1 cu 1 ated red I str I but I on of forces has caused struc
tura 1 components to fal 1 before the nonstructural partitions fal led. 
Equation 4-5 (for period) In Sec. 4.2.2 partially accounts for this 
st If fen t ng effect s I nee It 1 s based on observat Ions of actua 1 bu 11 d
ings before, during, and after earthquakes. Any stiffening effect In 
the building due to nonstructural components must be accounted for In 
the period determination of the structure and, consequently, In the 
design. 

In many buildings, the seismic resisting system does not Include all of 
the components that support the gravity loads. A conman example would 
be a flat-slab concrete warehouse of several stories In height In which 
the lateral seismic loads are resisted by exterior shear walls or 
ext er I or duct 11 e m6ment res I st Ing frames. Ordf narl 1 y the internal 
slabs and columns that resist gravity loads are not designed to resist 
lateral selsmf c loads since their resistance Is smal 1 In comparl son 
with the resistance of the exterior walls or frames. However, although 
they are not needed for 1 at era 1 res I stance, they do deform w I th the 
rest of the structure as It deforms under lateral loads. 

Sec. 3.3.4.3 requires that the vertical load-carrying capacity be re
viewed at the actua 1 deformat Ions resu 1 t Ing from the earthquake. In 
the example of the flat-slab warehouse, there will be bending moments 
In the columns and slabs and an uneven shear distribution at the column 
capitals. At the calculated deflections (using Cd as noted elsewhere) 
and the resulting Imposed moments and shears, ft must be demonstrated 
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that the members and connections will not fail under the design gravity 
loadings. The loading fs cyclical so static ultimate load capacities 
may not be reached. If the cont>ination of these loads and deformations 
results In stresses below yield, ft can be assumed that the system is 
capab 1 e of support Ing the gravity 1 oads. If the stresses are above 
yield, sufficient ductility under cyclic loading must be provided. If 
the gravity load-bearing system ts to provide any calculated resistance 
to the se f sm f c res I st f ng system ( no matter how sma 11 ) , the deta f 1 f ng 
for ductf 1 tty must be consf stent wfth the values given fn Table 3-2. 
In the example of the flat-slab warehouse, the connections can stl 11 
carry the des f gn grav f ty 1 oad f ngs ff they sat f sfy the r .equ i rements of 
Sec. 11. 5. 

3.4 BUILDING CONFIGURATION 

The conf1guratfon of a but ldf ng can sf gnf ff cantly affect its perfor
mance dur f ng a strong earthquake that produces the ground mot Ion 
contemplated fn the Provisions. Configuration can be divided into two 
aspects, plan configuration and vertical configuration. The Provisions 
were basically derived for but ldf ngs having regular conff guratfons. 
Past earthquakes have repeatedly shown that buildings having Irregular 
configurations suffer greater damage than buildings having regular 
configurations. This situation prevails even with good design and 
construction. These provisions are designed to encourage that build
ings be designed to have regular configurations. 

The addition of Tables 3-3 and 3-4 fn the 1988 Edition provides, fn the 
Provisions volume Itself, definitions of Irregularities that previously 
were covered only fn the Commentary. The definitions are clearer and, 
therefore, shou 1 d be eas I er to enforce than the vague er f ter fa pre
sented fn the 1985 Edition. 

Sec. 3~4.1 Indicates, by reference to Table 3-3, when a building must 
be des I gnated as hav Ing a p 1 an I rregu 1 ar I ty for the purposes of the 
Provisions. 

A but ldlng may have a SYfllll8trlca1 geometric shape without re-entrant 
corners or wings but stl 11 ·be classified as t rregular In plan because 
of distribution of mass or vertical seismic resisting elements. Tor
sional effects fn earthquakes can occur even when the static centers of 
mass and resfstance cofnclde. For example, ground motion waves acting 
wf th a skew with respect to the but ldfng axfs can cause torsion. 
Creating or yielding fn a nonsynmetrfcal fashion also can cause tor
sion. These effects also can magnify the torsion due to eccentricity 
between the stat f c centers. For thfs reason, bufldf ngs havf ng an 
eccentrfcfty between the static center of mass and the static center of 
res I stance f n excess of 10 percent of the bu I 1 d Ing d I mens f on perpen
d I cu 1 ar to the dlrectfon of the seismic force should be classified as 
Irregular. The vertical resisting components may be arranged so that 
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the stat t c centers of mass and res I stance are w I th f n the l f m I tat ions 
g I ven above and st 111 be unsynmetr i ca 11 y arranged so that the pre
scr f bed torsional forces would be unequally dfstrlbuted to the varfous 
components. 

There is a second type of distribution of vertical resisting components 
that, wht le not being classfffed as Irregular, does not perform wel 1 
In strong earthquakes. This arrangement Is termed a core-type building 
with the vertical components of the set smfc resisting system concen
trated near the center of the buf ldf ng. Better performance has been 
observed when the vertical components are distributed near the per
imeter of the but ldfng. In recognition of the problems leading to 
torsional fnstabilfty, a torsional amplification factor Is introduced 
in Section 4.4.l. 

A building having a regular configuration can be square, rectangular, 
or circular. A square or rectangular bul ldfng with ml nor re-entrant 
corners would still be constdered regular but large re-entrant corners 
creating a crucifix form would be 'classffied as an irregular configura
tion. The resPonse of the wfngs of this type of bufldfng fs generally 
different than the resPonse of the buj ldlng as a whole, and this 
produces higher local forces than would be determined by application of 
the Prov1s1ons without modlflcatton. Other plan conflguratfons such as 
H-shapes that have a geometrical synmetry also would be classified as 
frregular because of the resPonse of the wings. 

Significant differences In stiffness between Portions of a dlaphragn at 
a level are classified as Irregularities since they may cause a change 
In the distribution of seismic forces to the vertical components and 
create tors Iona l forces not accounted for In the normal d I str I but I on 
considered for a regular building. Examples of plan Irregularities -are 
illustrated In Figure C3-4. 

Where there are dfscontlnultles In the lateral force resistance path, 
the structure can no longer be considered to be "regular." The most 
er It f ca 1 of the d I scont f nu ft I es to be cons I dered Is the out-of-p 1 ane 
offset of vert f ca 1 e 1 ements of the se f smf c force res I st Ing e 1 ements. 
Such off sets f mpose v~rt I ca 1 and 1 at era 1 1 oad effects on hor I zonta 1 
elements that are, at the least, dffffcult to provide for adequately. 

Where vertical elements of the lateral force resfstlng system are not 
parallel to or s)ll1lfletrlc with major orthogonal axes, the static lateral 
force procedures of the Prov 1 s 1ons cannot be app 1 I ed as g I ven and, 
thus, the structure must be considered to be "Irregular." 

Sec. 3.4.2 Indicates, by reference to Table 3-4, when a structure must 
be considered to have a vertical Irregularity. Vertical configuration 
f rregu 1 ar ft I es affect the resPonses at the var I ous 1 eve 1 s and Induce 
loads at these levels that are significantly different from the dis-
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tr f but f on assumed f n the Equ f va I ent Latera I Force Procedure g f ven t n 
Chapter 4. 

A moment res f st f ng frame buf ldf ng mf ght be class iff ed as havf ng a 
vertical frregularfty ff one story were much taller than the adjofnfng 
stor f es and the resu 1 t Ing decrease t n st f ffness that wou 1 d norma 11 y 
occur was not, or could not be, compensated for. Examples of vertical 
Irregularities are Illustrated fn Figure C3-5. 

PLAN IRREGULARITIES 
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Building plan Irregularities. 
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VERTICAL IRREGULARITIES 
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A buf ldfng would be classfffed as f rregular ff the ratio of mass to 
stiffness In adjoining stories differs significantly. This might occur 
when a heavy mass, such as a swlnmlng pool, 1s placed at one level. 
Note that the exceptfon fn the Prov1s1ons provides a c~ratlve stiff
ness ratio between stories to exempt structures from being designated 
as havfng a vertical lrregularlty of the types speclffed. 
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One type of vertical frreg~larfty fs created by unsynmetrfcal geometry 
with respect to the vertical axis of the bufldfng. The bufldfng may 
have a geometry that fs synmetrfcal about ·the vertical axis and still 
be classified as Irregular because of sfgnfflcant horizontal offsets In 
the vertical elements of the lateral force resfstfng system at one or 
more levels. An offset fs considered to be sfgnfflcant ff the ratio of 
the I arger d f mens ton to the sma 11 er d f mens ton f s more than 130 per
cent. The building also would be considered Irregular ff the smaller 
dimension were below the larger dimension, thereby creating an inverted 
pyramid effect. 

The destgnatfon of weak story trregularfty has been added to those pre
viously considered. The problem of concentration of energy demand in 
the res I st Ing e I ements In a story as a resu It of abrupt changes In 
strength capacity between stories has been noted fn past earthquakes. 
Note that an exception has been provided fn Sec. 3.7.3 when there fs 
considerable overstrength of the "weak" story. 

3.5 ANALYSIS PROCEDURES 

Hany of the standard procedures for the analysts of forces and deforma
tions fn buildings subjected to earthquake ground motion, Including the 
two procedures specified tn the Provisions, are listed below in order 
of Increasing rigor and expected accuracy: 

1. Equivalent Lateral Force Procedure (Chapter 4). 

2. Modal Analysis Procedure wfth one degree of freedom per floor 
In the dfrectfon befng considered (Chapter 5). 

3. Modal Analysts Procedure with several degrees of freedom per 
floor. 

4. I ne 1 ast I c Response H fstory Ana 1 ys 1s f nvo 1 v f ng step-by-step 
fntegratfon of the coupled equations of motion with one degree 
of freedom per floor In the direction being considered. 

5. Inelastic Response History Analysis Involving step-by-step 
f ntegrat f on of the coup 1 ed equat f ons of mot f on w f th severa 1 
degrees of freedom per floor. 

Each procedure becomes more rf gorous If effects of sot I-structure 
f nteractfon are considered, either as presented In the "Append Ix to 
Chapter 6" or through a more comp I ete ana 1 ys f s of th f s f nteract f on as 
appropriate. Every procedure lq,roves fn rigor ff cont>lned wfth use of 
results from experimental research (not described fn these design 
provisions). 
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The Equfvalent Lateral Force (ELF) Procedure specfffed in Chapter 4 Is 
s f m f 1 a r i n f ts bas f c concept to past SE AOC reconmendat f ons (1968, 
1973, and 1974), but several Improved features have been Incorporated. 

The modal superposition method (Newmark and Rosenblueth, 1971; Clough 
and Penzien, 1975; Thomson, 1965; Wiegel, 1970) Is a general procedure 
for linear analysis of the dynamic response of structures. In various 
forms, modal analysts has been widely used In the earthquake-resistant 
design of special structures such as very tal 1 bul ldlngs, offshore 
dr 111 Ing p 1 at forms, dams, and nuc 1 ear power p 1 ants, but th Is Is the 
ffrst time that modal analysis has been included In design provisions 
for bufldfngs. The Modal Analysis Procedure specfffed fn Chapter 5 is 
s imp 1 I ff ed from the genera 1 case by restr f ct Ing cons I derat ion to 1 a
tera 1 motfon in a plane. Only one degree of freedom fs required per 
floor for this type of motion. 

The ELF Procedure of Chapter 4 and the Hoda 1 Ana 1 ys I s Procedure of 
Chapter 5 are both based on the approx I mat f on that the effects of 
y f e 1 d f ng can be adequate 1 y accounted for by 1 I near ana 1 ys f s of the 
seismic resisting system for the desfgn spectrum, which is the elastic 
acce 1 erat Ion response spectrum reduced by the response modf fl cat f on 
factor, R. The effects of the hor f zonta 1 component of ground mot I on 
perpendicular to the dfrectlon under consfderatfon In the analysis, the 
vertical component of ground motion, and torsional motions of the 
structure are all considered In the same sJmpllfled approaches In the 
two procedures. The mafn difference between the two procedures lies In 
the distribution of the seismic lateral forces over the height of the 
building. In the Modal Analysis Procedure, the distribution Is based 
on properties of the natural vibration modes, whfch are determined from 
the actual mass and stiffness distribution over the height. In the ELF 
Procedure, the d I str f but f on Is based on s imp 1 If I ed formu 1 as that are 
agpropr I ate for regu 1 ar bu 11 d I ngs as spec f ff ed I n Sec. 3 • 4 and 3 • 5. 
otherwise, the two procedures are subject to the same lfmltatlons. 

Either of the two analytical procedures fs likely to be Inadequate ff 
the 1 atera 1 mot Ions f n two orthogona 1 d I rect Ions and the tors f ona 1 
motfon are strongly coupled. Such would be the case if the but ldfng 
were Irregular In Its' plan conflguratfon (see Sec. 3.4) or ff It had a 
regular plan but Its lower natural frequencies were nearly equal and 
the centers of mass and resistance were nearly coincident. A general 
model for the analysts of such buildings would fnclude at least three 
degrees of freedom per floor--two translatfonal and one torsional 
mot f on. Such a structure usua 11 y wou 1 d have many modes that show a 
combfnatfon of translatfonal and torsional motfon. Analysts procedures 
similar to those specfffed In Chapter 5 can be applied to bufldlngs of 
thf s type·, wfth suitable general fzatlon of the concepts Involved. It 
Is necessary, for example, to account for the facts that a gfven mode 
might be excited by both horizontal components of ground motfon and 
modes that are prfmarfly torsfonal can be excfted by the translational 
components of the ground-shaking. 
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The methods of modal analysis can be generalized further to model the 
effect of diaphragm flexfbflfty, soil-structure Interaction, etc. In 
the most general form, the idealization would take the form of a large 
number of mass points, each wfth six degrees of freedom (three transla
tion and three rotational) connected by generalized stiffness elements. 

The ELF Procedure (Chapter 4) and both versions of the Modal Analysis 
Procedure (the simple version given In Chapter 5 and the general 
version with several degrees of freedom per floor mentioned above) are 
all likely to err systematically on the unsafe side ff story strengths 
are d f str f buted f rregu I ar 1 y over he1 ght. Th 1 s feature f s 1 i ke 1 y to 
1 ead to concentration of duct 11 I ty demand In a few stor f es of the 
bu 11 d Ing. A s I mp 1 e procedure to account for i rregu 1 ar strength d Is
tr f but f on is discussed below in the commentary for Sec. 3.7.3. 

The actual strength properties of the various components of a building 
can be expl icltly considered only by a non I I near analysts of dynamic 
response by direct integration of the coupled equations of motion. 
This method has been used extensively fn research studies of earthquake 
response of yielding structures. If the two lateral motions and the 
torsional motion are expected to be essentially uncoupled, ft would be 
sufficient to Include only one degree of freedom per floor, the motion 
In the direction along which the building Is being analyzed; otherwise 
at least three degrees of freedom per floor, two translational motions 
and one tors f ona 1 , shou 1 d be Inc 1 uded. It shou 1 d be recogn I zed that 
the results of a nonlinear response history analysis of such mathematl
ca 1 bu i 1 d Ing mode 1 s are on 1 y as good as are the mode Is chosen to 
represent the building vibrating at amplitudes of motion large enough 
to cause significant yielding during strong ground motions. Further
more, reliable results can be achieved only by calculating the response 
to several ground motlons--recorded accelerograms and/or simulated mo
tlons--and examining the statistics of response. 

It f s poss I b 1 e w I th present 1 y ava I 1 ab 1 e coq>uter programs to perform 
two-dimensional lnelastfc analyses of reasonably synmetrlcal struc
tures. The Intent of such analyses could be to estimate the sequence 
In which components become Inelastic and to Indicate those components 
requiring · strength adjustments so as to remain wfthfn the requfred 
ductf lfty lfmlts. It should'be emphasized that with the present state 
of the art In e 1 ast f c ana 1 ys f s, there Is no one method that can be 
appl fed to al 1 types of buf ldlngs. Further, the rel fabf 1 fty of the 
analytical results are sensitive to: 

• The number and appropriateness of the tlme-hlstorfes of Input 
motion, 

• The practical 1 Imitations of mathematl cal model Ing Including 
Interacting effects of nonelastic elements, 
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• The nonlinear algorfthms, and 

• The assumed hysteretfc behavior. 

Because of these sensftfvltfes and lfmftatfons, the maximum base shear 
produced In the i ne 1 ast I c ana 1 ys f s shou 1 d not be 1 ess than that re
qu f red by Chapter 5. 

The 1 east r f gorous ana 1 yt f ca 1 procedure that may be used' In deter
min f ng the design earthquake forces and deformat f ons f n bu i 1 df ngs 
depends on the Seismic Performance Category and the structural charac
teristics (In particular, regularity). Regularity is defined fn Sec. 
3.4. 

Bui 1 d I ngs f n Se I sm I c Performance Category A are not required to be 
analyzed as a whole for sefsmic forces. Certain minimum requirements 
are gfven elsewhere in the Prov1s1ons. For the higher Sefsmfc Perfor
mance Categories, the ELF Procedure Is the minimum level of analysis 
except that a more rigorous procedure fs required for Category Dor E 
but ldfngs classified as irregular. The Modal Analysis Procedure 
adequate 1 y addresses vert f ca 1 f rregu 1 ar It f es of st f ffness, mass, or 
geometry. other Irregularities must be carefully considered. 

The basf s for the ELF Procedure and Its 1 Imitations were discussed 
above. It Is adequate for most regular bulldfngs; however, the design
er may wish to employ a more rigorous procedure (see list of procedures 
at begfnnlng of thfs section for those regular buildings where ft may 
be Inadequate). 

The ELF Procedure Is lfkely to be Inadequate In the following cases: 

• Bu f 1 d I ngs w I th I rregu 1 ar mass and st I ffness propert I es f n 
which case the simple equations for vertf cal distribution of 
lateral forces (Eq. 4-6 and 4-6a) may lead to erroneous 
results; 

• Buildings (regular or Irregular) In which the lateral motions 
In two ortt)ogona 1 d I rect Ions and the tors f ona 1 mot I on are 
strongly coupled; and 

• Bui ldlngs with f rregular distribution of story strengths 
leading to possible concentration of ductility demand In a few 
stories of the building. 

In such cases, a more r f gorous procedure that cons f ders the dynam I c 
behavior of the structure should be employed. 

Buildings with certain types of vertical irregularities may be analyzed 
as regu 1 ar bu I 1 d I ngs I n accordance with the prov f s I ons of Chapter 4 • 
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These bul ldlngs are generally referred to as setback but ldlngs. The 
following procedure may be used: 

I. The base and tower portions of a buf ldf ng having a setback 
vert f ca 1 conf f gurat f on may be ana 1 yzed as Ind I cated f n ( 2) 
below If: 

a. The base portion and the tower portion, considered as 
separate buildings, can be classified as regular and 

b. The stiffness of the top story of the base Is at least 
five times that of the first story of the tower. 

When these conditions are not met, the building must be 
analyzed In accordance with Chapter 5. 

2. The base and tower portions may be analyzed as separate build
ings In accordance with the following: 

a. The tower may be ana 1 yzed I n accordance w f th the proce
dures in Chapter 4 wfth the base taken at the top of the 
base portion. 

b. The base portion then must be analyzed In accordance with 
the procedures In Chapter 4 using the height of the base 
port I on of hn and w f th the grav f ty load and base shear 
s e 1sm I c forces of the tower port I on act Ing at the top 
level of the base portion. 

The design provisions In Chapter 5 Include a slq:,1 lffed version of 
modal analysis that accounts for Irregularity in mass and stiffness 
distribution over the height of the building. It would be adequate, In 
general, to use the ELF Procedure for buildings whose floor masses and 
cross-sectional areas and moments of Inertia of structural members do 
not differ by more than 30 percent fn adjacent floors and In adjacent 
stories. 

For other buildings, the following procedure should be used to deter
mine whether the t1odal Analysis Procedures of Chapter 5 should be used: 

I. Compute the story shears using the ELF Procedure specified In 
Chapter 4. 

2. On this basis, approximately dimension the structural members, 
and then coq:,ute the lateral displacements of the floor. 

3. Replace h~ In Eq. 4-6a with these displacements, and rec~te 
the lateral forces to obtain the new story shears. 

4. If at any story the recomputed story shear dlffe,rs from the 
corresponding value as obtained from the procedures of Chapter 
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4 by more than 3 O percent, the bu I 1 d I ng shou 1 d be ana 1 yzed 
using the procedure of Chapter 5. If the difference fs less 
than this value, the building may be designed using the story 
shear obtained In the application of the present criterion and 
the procedures of Chapter 5 are not required. 

App 1 i cation of th Is procedure to these bu I 1 d I ngs requ I res far I ess 
computational effort than the use of the Modal Analysis Procedure of 
Chapter 5 and, In the majority of the buildings, use of this procedure 
wl 11 determine that modal analysis need not be used and wl 11 also 
furnish a set of story shears that practically always lie much closer 
to the results of modal analysis than the results of the ELF Procedure. 

This procedure Is equivalent to a single cycle of Newmark's method for 
calculation of the fundamental mode of vibration. It wf 11 detect both 
unusual shapes of the fundamental mode and excessively high Influence 
of h I gher modes. Numer I ca 1 stud I es have demonstrated that th 1 s pro
cedure for determinf ng whether modal analysis must be used wl 11, In 
general, detect cases that truly should be analyzed dynamically; 
however, It generally will not Indicate the need for dynamic analysis 
when such an analysis would not greatly Improve accuracy. 

3.6 DESIGN AND DETAILING REQUIREttENTS 

The design and detal 1 Ing requirements for c~nents of the seismic 
rest stfng system are stated In this section. General detal 1 Ing re
quirements are specified In Sec. 3.7. Some of the requirements Intro
duced here are not found In present code provisions. All are spelled 
out In considerably more detail and most are more stringent than those 
In other provisions. The major reasons for this are presented below. 

The prov f s I on of deta I 1 ed des f gn ground mot Ions and requ I rement s for 
analysls ·of the structure do not by themselves make a building earth
quake resistant. Additional design requirements are necessary to 
provide a consistent degree of earthquake resistance In buildings. The 
more severe the expected sel smlc ground motions, the more stringent 
these additional design requirements should be. Not all of the neces
sary des I gn requ I rements are expressed f n codes, and a 1 though exper
t enced se I sm I c des I gn eng I nee rs account for them, eng I neers 1 ack I ng 
exper I ence In the des I gn and construct I on of earthquake-res I stant 
structures often overlook them. 

Considerable uncertainties exist regarding: 

• The actua 1 dynam I c character f st f cs of future earthquake mo
t Ions expected at a building site; 

• The soil-structure-foundation Interaction; 
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• The actual response of buildings when subjected to sefsm1c 
motions at their foundations; and 

• The mechanical characteristics of the different structural 
materials, particularly when they undergo significant cyclic 
straining in the fnelastfc range that can lead to severe 
reversals of strains. 

It should be noted that the overall inelastic response of a structure 
is very sensitive to the inelastic behavior of its critical regions, 
and th i s behavior is inf 1 uenced, In turn, by the deta i I i ng of these 
regions. 

Although it Is possible to counteract the consequences of these uncer
tainties by increasing the level of design forces, it was considered 
more feasible to provide a building system with the largest energy 
di ss i pat ion consistent with the maximum tolerable deformat Ions of 
nonstructura 1 components and equ f pment. Th Is energy di ss I pat f on ca
pacity, which Is usually denoted simpl lstlcal ly as "duct I I ity, 11 Is 
extremely sensitive to the detailing. Therefore, fn order to achieve 
such a large energy dissipation capacity, ft Is essential that strin
gent design requirements be used for detailing the structural as well 
as the nonstructural components and their connections or separations. 
Furthermore, It is necessary to have good quality control of materials 
and competent Inspection. The f mportance of these factors has been 
clearly demonstrated by the building damage observed after both moder
ate and severe earthquakes. 

It should be kept In mind that a building's response to seismic ground 
motion most often does not reflect the designer's or analyst's original 
conception or modeling of the structure on paper. What is reflected is 
the manner In which the building was constructed In the field. These 
provisions emphasize the Importance of detailing and recognize that the 
deta I 11 ng requ I rements shou 1 d be re I ated to the expected earthquake 
intensities and the Importance of the but ldlng's function and/or the 
density and type of occupancy. The greater the expected intensity of 
earthquake ground-shaking and the more Important the building function 
or the greater the number of occupants In the building, the more strin
gent the des I gn and deta i 1 i ng requ I rements shou Id be. In defl n Ing 
these requirements, the Provisions Introduce the concept of Seismic 
Performance Categories (Table 1-2), which relates to the coefficient Av 
(Sec. i.4.1) and the Seismic Hazard Exposure Group (Sec. 1.4.2). 

3.6.1 Setsnttc P.crfor11B11Ce Category A 

Because of the very low setsmlctty associated with regions of Av less 
than O. 05, It i s cons I dered appropr I ate for Category A bu I 1 d I ngs to 
require only good quality of construction materials and adequate ties 
and anchorage as specified In Sec. 3. 7.5, 3. 7.6, 3. 7. 7, and 7.3. 
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Category A bui ldfngs wi 11 be constructed In a large portion of the 
United States that fs generally subject to strong winds but low earth
quake r I sk. Those promu 1 gating construction regu 1 at ions for these 
areas may wish to consider many of the low-level seismic provisions as 
being suitable to reduce the windstorm risk. Since the Provisions 
consider on 1 y earthquakes, no other requirements are pres er i bed for 
Category A buildfngs. Only wind design in accordance with the local 
code and ties and wall anchorage are required by these provisions. 

In 1 ow earthquake risk areas, it is unrea 1 i st i c to be 1 I eve that con
struction practices will change overnight. However, if existing re
qu f rements can be improved gradua 11 y, a major reduction in potent i a 1 
hazard can be achieved at low cost and with little inconvenience. 

3.6.2 Seismic Performance Categories Band C 

Category Band C buildings will be constructed in the largest portion 
of the United States. Earthquake-resistant requirements are fncreased 
apprec i ab 1 y over Category A requirements, but they are st i 11 qu I te 
s I mp 1 e compared to present requirements in areas of high se Ism I c I ty. 
For concrete and masonry structures, the Increases are taken In two 
steps; for steel and wood, a single step Is taken sfnce there are no 
differences between Categories Band C for steel and wood. 

The material requirements In Chapters 9 through 12 for Category Bare 
somewhat more restrictive than those for Category A. 

The Category B and C requirements specifically recognize the need to 
design diaphragms, provide collector bars, and provide reinforcing 
around openings. These requirements may seem e 1 ementary and obvious 
but, because they are not specif i ca 1 1 y covered in current codes, many 
engineers totally neglect them. A nominal fnterconnectfon between pfle 
caps and caissons also is required. 

3.6.3 Sef•fc Perfo..-ice Category D 

Category D requfrements compare roughly to present desfgn practfce in 
Ca 1 if orn i a se f sm i c areas for bu i 1 dings other than schoo 1 s and hosp 1-
ta 1 s. All masonry must be reinforced. All moment resistfng frames of 
cone rete or stee 1 must meet duct f 1 f ty requirements. Interact f on 
effects between structural and nonstructural elements must be investi
gated. Foundation interaction requirements are increased. 

Experience in past earthquakes has demonstrated that unreinforced 
masonry or unreinforced concrete platforms perform poorly and are 
hazardous even when used in nonstructural elements. Consequently, all 
concrete and masonry construction must be re I nforced for Category D 
construction. 
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3.6.-1 Seismic Perf'ormance Category E 

Category E construct I on i s required for er it i ca 1 structures in re 1 a
ti ve 1 y high sefsmfc zones. It is deemed prudent that these structures 
not be 1 ocated over the trace of an active f au 1 t that cou 1 d cause 
ground rupture (see Sec. 1.4.4). Because of the necessity for reduced 
risk, height limitations are reduced (see Sec. 3.3.5). The specific 
material provisions include additional requirements and lfmftations for 
the design of this building category. 

3.7 STRUCTURAL COttPONENT LOAD EFFECTS 

This section specfffes that the dfrectfon of the applied seismic force 
be that which produces the most critical load effect on the building. 
In past codes, ft was necessary only to Independently consider loads on 
the main axes of the bul lding. For beams and girders, this gives 
max f mum design stresses. However, ff earthquake forces affect the 
bufldfng in a direction other than the main axes, corner columns can be 
subjected to higher stresses, which may partially explain the vul
nerab i 1 i ty of such co I umns In past earthquakes. Sec. 3. 7. 2 requires 
for Category D or E bu! ldfngs that the effects from seismic loads 
applied in one direction be combined with those from the other direc
tion. This may affect more than just the columns. 

The second order effect that Is referenced is explained more fully in 
Sec. 4.6. 

3.7.l Camfnatfon of Load Eff'ects 

Varfous combination-of-load-effects formulas and other data were re
viewed before arr f vi ng at Eq. 3-1 , 3-2, and 3-2a. Sf nee I 956, for 
example, the American Concrete Instftute CACI) has based design on the 
cross-sectional strength of component members and has included load 
comb i nat f on s that are be 1 I eved to be cons i stent with the strength 
reductfon factors (based in part on considerations of statistfcal 
varf abi I fty of propertfes) to produce a margfn of safety for most 
design loadfng that fs generally acceptable to the design professfons. 
No specfflc study was made for earthquake loadfng, and the load com
binations were set to be compatible with prevfous working stress load 
combfnatlons. 

A subconmfttee of Amerfcan National Standards Institute (ANSI) Conmit
tee 58.l also studied the problem to arrive at a compatible combfna
tlon of load effects for all building system materials. Its work was 
stated In terms of design seismic motfons ordinarily used for allowable 
stress design, such as by SEAOC and UBC prior to 1987. 
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After carefu 11 y eva 1 uat f ng the ava f 1 ab 1 e mater i a 1 and past experience 
and exerc is Ing reasonab 1 e engineering j udgnent, ft was dee i ded that 
the Prov1s1ons would express the load effect combinations Involving 
seismic design In a format similar to that used In ACI 318 but with the 
values changed as Indicated below. 

The basic 1 oad factor used In AC I 3 l 8 to account for var i ab I 1 i ty of 
dead load effects is 0.75 • 1.4 = 1.05 (the 1.4 was 1.5 before 1971). 
Th Is factor comb Ines with the appropriate understrength factor to 
produce a design that is judged adequate on the basis of the ultimate 
strength of individual members. On an average, actual dead loads have 
been found to be 5 to 10 percent larger than those calculated in de
sign. Thus, it is reasonable to use a factor of _1.1 on dead load in 
seismic design. However, where the dead 1 oad a Ids in res i st Ing the 
seismic load effect, the comparable load factor is 0.9. 

In Eq. 3-1 and 3-2, a factor of +0.5 Av was placed on the dead load to 
account for the effects of vertical acceleration. The 0.5 Av factor on 
dead 1 oad is not Intended to represent the tota 1 vert i ca 1 response. 
The concurrent maximum response of vertical accelerations and horizon
tal accelerations, direct and orthogonal, is unlikely and, therefore, 
the direct addition of responses was not considered appropriate. For 
elements in which tensile mode of failure is relatively brittle, a more 
conservative factor of O. 7-0.5 Av on the dead load was chosen for 
Eq. 3-2a. 

The live load factor of ACI 318 Is 0.75 • 1.7 = 1.3. The factor 0.75 
in the ACI equation represents the reduced likelihood of the full live 
load being present at the instant of the earthquake. The terms "maxi
mum lifetime live load" and "instantaneous live load" are used. The 
maxi mum 1 I fet I me 11 ve 1 oad is assumed to be represented by the code
spec ff i ed live loads. In most Instances, the actual instantaneous live 
load Is very much smaller than the maxfmum 1 f fetlme 1 fve load, whl ch 
acts for a short time period and is generally appl fed to a smal 1 
portion of the structure. For the purpose of the Prov1s1ons, it was 
decided to use only the code-specified loads for the present. A load 
factor of l • O was chosen to part I a 11 y recogn f ze the 1 ower va 1 ues for 
the instantaneous 1 Ive 1 oad for combination with earthquake I oad ef
fects. 

For comb f nation w I th the design earthquake, it is assumed that an 
Instantaneous snow 1 oad for comb I nat I on w I th earthquake 1 oads Is the 
same as that expressed in the 1976 UBC. 

The design basis expressed In Sec. 3.1 reflects the fact that the 
specified . earthquake loads are at the design level without ampl f ff
cation by load factors; thus the load factor of 1.0 is assigned to the 
earthquake load effects In Eq. 3-1, 3-2, and 3-2a. 
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3.7.2 Orthogonal Effects 

Earthquake forces act In both principal directions of the bui I ding 
simultaneously, but the earthquake effects in the two principal direc
tions are unlikely to reach their maximum simultaneously. This section 
provides a reasonable and adequate method for combining them. It re
qui res that structura 1 e 1 ements be des I gned for 100 percent of the 
effects of seismic forces in one principal direction combined with 30 
percent of the effects of seismic forces fn the orthogonal direction. 
The following combinations of effects of gravity loads, effects of 
seismic forces in the x-dfrectfon, and effects of seismic forces in the 
y-dlrection (orthogonal to x-dfrectlon) thus pertain: 

gravity± 1001 of x-dlrection ± 301 of y-direction 

gravity t 301 of x-direction ± 1001 of y-direction 

The combination and signs (plus or minus) requiring the greater member 
strength are used for each member. Orthogonal effects are slight on 
beams, girders, slabs, and other horizontal elements that are essen
tially one-directional in their behavior, but they may be significant 
I n co 1 umns or other vert f ca 1 ment>ers that part I c i pate In resisting 
earthquake forces In both pr inc I pa 1 d I rect Ions of the bu f 1 d f ng. For 
two-way slabs, orthogonal effects at slab-to-column connections can be 
neglected provided the moment transferred fn the minor direction does 
not exceed 30 percent of that transferred in the orthogonal direction 
and there Is adequate reinforcement within lines one and one-half times 
the slab thickness either side of the column to transfer all the minor 
direction moment. 

3.7.3 Dfsconttnultles In Strength of Vertical Resisting Systm 

This section requires consideration of discontinuities In strength. It 
is not generally recognized that large discontinuities in story 
strength can cause adverse response effects In a but ldf ng. Usual 
practice Is to determ I ne what sf ze, I ength, or strength of res f st Ing 
elements Is required; ff more than the required strength fs provided, 
so much the better. Unfortunately, the extra strength In a story, ff 
s I gn f ff cant I y d f ff erent from that f n adjacent stor f es, can produce 
responses that vary great 1 y from those ca 1 cu 1 ated by us f ng the pro
cedures In Chapter 4 or 5 due to the concentration of Inelastic defor- I 
matlons fn a weak story. A prohibition on weak story bufldfngs Is new 
with the 1988 Edition. 

The early developers of the Provisions considered the fol lowing ap
proach to this problem: 

1 • Compute the rat Io of shear capacity to the des f gn shear for 
each story. Denote this ratio for story n by rn-
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2. Compute, r, the average of rn over all stories. 

3. If for any story rn ts less than 2/3~r, rooglfy Rand Cd for 
the butldlng as given by Table 3-2 to Rand Cd where: 

Cd= 1 + (Cd - 1)/2 

and 

R = (Cd/Cd)R. 

4. Use R Instead of R to recompute the lateral forces, Cd instead 
of Cd In computing story drtfts. 

It ts believed that further study should be gtven to thts problem. 

3.7.4 Nonredundant Systeas 

Des I gn cons t de rat ton shou Id be g I ven to potent I a 11 y adverse effects 
where there ts a lack of redundancy. Because of the many unknowns and 
uncertatnties tn the magnttude and charactertstfcs of earthquake 
1 oad t ng, t n the mater ta Is and systems of construct f on for res I sting 
earthquake 1 oad I ngs and t n the methods of ana 1 ys i s , good earthquake 
engineering practice has been to provtde as much redundancy as posstble 
in the seismic reststing system of buildings. 

Redundancy plays an tmportant role In determining the abl 1 tty of the 
building to restst earthquake forces. In a structural system without 
redundant components, every component must remain operattve to preserve 
the I ntegrfty of the but ldlng structure. On the other hand, in a 
highly redundant system, one or more redundant components may fatl and 
stl 11 leave a structural system that retatns tts lntegrtty and- can 
contt nue to resfst lateral for:ces, albeit with dfmf nfshed effective
ness. 

Redundancy often Is accomplished by maktng all Joints of the vertical 
I oad-carry Ing frame moment res I st Ing and I ncorporat Ing them f nto the 
seismic resisting system. These multiple points of resistance can pre
vent a catastrophtc collapse due to dtstress or failure of a member or 
Jo Int. ( The over strength character t st t cs of th t s type of frame were 
discussed tn the conmentary on Sec. 3.1.) 

Redundant character 1st t cs a I so can be obta t ned by prov t d t ng sever a 1 
different types of seismic reststtng systems In a butldlng. The backup 
system can prevent catastrophic effects If distress occurs In the 
primary system. 

In slm'IISry, It Is good pract Ice to Incorporate redundancy Into the 
seismic resisting system and not to rely on any system wherein distress 
tn any member may cause progresstve or catastrophic collapse. 
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3.7.5 Ties and Continuity 

The analysts of a structure and the provision of a design ground motion 
alone do not make a structure earthquake resistant; additional design 
requirements are necessary to provide adequate earthquake resistance fn 
buildings. Experienced seismic designers normally fill these require
ments, but because some were not forma 11 y spec I ft ed, they often were 
overlooked by Inexperienced engineers. 

Probably the most f~rtant single attribute of an earthquake-resistant 
building Is that ft ts tied together to act as a unit, but this was not 
stated as a requirement in former provisions. This attribute not only 
ts Important In earthquake-resistant design, but also ts Indispensable 
In resisting high winds, floods, explosion, progress Ive fat lure, and 
even such ordinary hazards as foundation settlement. Sec. 3.7.5 
requires that all parts of the building (or unit If there are separa
tion Joints) be so tied together that any part of the structure ts tied 
to the rest to resist a force of Av/3 (with a mint~ of 5 percent g) 
times the weight of the smaller. ln addition, beams must be tfed to 
their supports or columns and columns to footings for a mfnfmun of 5 
percent of the dead and 1 fve load reaction. Furthermore, certain 
connections of buildings with plan Irregularities must be designed for 
higher forces than calculated due to the simplffying assuq:,tfons used 
In the analysts by Chapters 3, 4, and S. 

3.7.6 Concrete or Nesonry Ila I I Anchorage 

One of the major hazards from but ldings during an earthquake Is the 
pulling away of heavy masonry or concrete walls from floors or roofs. 
Although requirements for the anchorage to prevent this separation are 
c0111nOn In highly seismic areas, they have been minimal or nonexistent 
in most other parts of the country. This section requires that anchor
age be provided in any locality to the extent of 1,000 Av pounds per 
1 I near foot ( p 1 f) • Th Is requ f rement a 1 one may not prov I de comp 1 ete 
earthquake-res f stant design, but observations of earthquake damage 
f nd i cate that it can great 1 y Increase the earthquake res I stance of 
buildings and reduce hazards In those localities where earthquakes may 
occur but are rarely damaging. 

3.7.7 Anchorage of Nonstructural Systeas 

Anchorage of nonstructural systems and c~nents of buildings is re
quired when prescribed fn Chapter 8. 
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3.7.8 Collector Elenaents 

Many buildings have shear walls or other bracing elements that are not 
uniformly spaced around the diaphragms. Such conditions require that 
collector or drag members be provided. A simple illustration is shown 
in Figure C3-6a. Consider a building as shown In the plan with four 
short shear walls at the corners arranged as shown. For north-south 
earthquake forces, the diaphragm shears on Line AB are uniformly 
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dtstrtbuted between A and B if the chord reinforcing is assumed to act 
on Lt nes BC and AD. However, wa 11 A t s qu t te short so re I nforc Ing 
stee 1 Is requ t red to co 11 ect these shears and transfer them to the 
wal 1. If Wal 1 A ts a quarter of the 1 ength of AB, the steel must 
carry, as a mintmum, three-fourths of the total shear on Ltne AB. The 
same principle Is true for the other walls. In Figure C3-6b rein
forcing is required to collect the shears or drag the forces from the 
diaphragm into the shear wall. Sfmflar collector elements are needed 
In most shear walls and some frames. 

3.7.9 DiaphrasJE 

Diaphragms are deep beams or trusses that distribute the lateral loads 
from their origin to the components where they are resisted. As such, 
they are subject to shears, bending moments, direct stresses (truss 
ment>er, collector elements), and deformations. The deformations must 
be minimized fn some cases because they could overstress the walls to 
which they are connected. The amount of deflection permitted in the 
diaphragm must be re 1 ated to the ab I 1 f ty of the wa 11 s ( norma 1 to the 
dtrectfon being analyzed) to deflect wtthout failure. 

A detail comnonly overlooked by many engineers is the requirement to 
tie the dtaphragm together so that ft acts as a unit. Wall anchorages 
tend to tear off the edges of the dtaphragm; thus, the ttes must be 
extended into the diaphragm so as to develop adequate anchorage. 
Our i ng the San Fernando earthquake, seismic forces from the wa 11 s 
caused separation~ fn roof diaphragms 20 or more feet from the edge in 
several industrial buildings. 

When opentngs occur fn shear walls, dtaphragms, etc., ft ts not ade
quate to only provide temperature trtmbars. The chord stresses must be 
provtded for and the chords anchored to develop the chord stresses by 
embedment. The ent>edment must be suf f i ct ent to take the reactions 
wt thout overstress t ng the mater ta 1 t n any respect. St nee the des I gn 
basts depends on an elasttc analysts, the tnternal force system should 
be compattble wtth both stattcs and the elastic deformattons. 

3. 7.10 Bearing Walls 

A mtnfmum anchorage of bearing walls to dtaphragms or other reststfng 
elements Is specified. To ensure that the walls and supporttng framing 
system f nteract proper I y, it is requ I red that the interconnection of 
dependent wa 11 e 1 ements and connect tons to the fram t ng system have 
sufftclent ducttltty or rotational capactty, or strength, to stay as a 
unit. Large shr t nkage or sett 1 ement cracks can sign If f cant 1 y affect 
the desired Interaction. 
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3.7.11 Inverted Penduh.n-Type Structures 

Inverted pendu 1 um-type structures have a 1 arge port ton of the fr mass 
concentrated near the top and, thus, have es sent ta 11 y one degree of 
freedom in horizontal translation. Often the structures are T-shaped 
with a single column supporting a beam or slab at the top. For such a 
structure, the lateral motton ts accompanied by rotatton of the hort
zonta 1 e 1 ement of the T due to rotat ton at the top of the co 1 umn, 
resu 1 t t ng in vert i ca 1 acce 1 erat ions acting in oppos t te dt t-ect Ions on 
the overhangs of the structure. Dynamic response ampllftes this rota
tion; hence, a bending moment would be induced at the top of the column 
even though the procedures of Sec. 4.2 and 4.5 would not so Indicate. 
A s imp 1 e prov I s ion to compensate for th is i s spec f ff ed In th I s sec
t I on. The bending moments due to the lateral force are ftrst calcu
lated for the base of the column accordtng to the provisions of Sec. 
4.2 and 4.5. One-half of the calculated bending moment at the base ts 
applied at the top and the moments along the column are varied from 1.5 
Hat the base to 0.5 Hat the top. The addition of one-half the moment 
calculated at the base in accordance with Sec. 4.2 and 4.5 ts based on 
analyses of Inverted pendulums covertng a wide range of practical 
conditions. 

3.7.12 Vertical Sets • lc Motions for Bui ldlngs Assigned to 
Categories D and E 

This section Is intended to cover the effects of vertical ground motion 
where they are most important. Factors of safety provided for gravity 
load design, coupled with the small likelihood that maximum live loads 
and earthquake loads would occur simultaneously, Introduce some protec
tion against the effects of the vertical component of ground motion. 
Consequent 1 y, there i s need for spec I a 1 des t gn for vert i ca 1 ground 
accelerations only when the effects are slgntftcant when compared wtth 
those from horizontal accelerations. Requirements for providing pro
tection against the possible effects of the verttcal component of 
earthquake motions are given. In the case of standard structures, 
these effects are taken Into account by the variation of 0.5 Av which 
is placed on the dead ,load (see Sec.3.7.1). A reduction In the gravity 
forces due to the response to the vertical component of ground motions 
can be cons t derab 1 y more detr i menta 1 t n the case of prestressed hor
i zonta 1 components for stml'lar but regularly retnforced concrete 
components. Thus, It is recommended that Eq. 3-2 be replaced by Eq. 
3-2a. To account for the effects of verttcal vlbratton of horizontal 
cantilever members, It ts rec0f1111ended that they be designed for a net 
upward force of O. 2 Qo. The structura 1 members most vu 1 nerab 1 e to 
vert i ca 1 earthquake forces are prestressed and cant I 1 evered beams, 
girders, and slabs. 

The spectfl c procedures are based tn part on the preml se that the 
vertical accelerations that would develop tn a butldtng are very close 
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to those corresponding to . a structure that fs perfectly rfgfd fn the 
vertical direction. Thfs Is a reasonable basts provided the horizontal 
structural members can develop moderate ductility factors. Oesfgn 
requirements presented elsewhere In the Provisions ·usually wfll ensure 
such ductility capacity for downward inertia forces. To achieve ft for 
upward inertia forces, connections In precast concrete structures and 
re t nforcement f n concrete ment>ers shou 1 d be capab 1 e of res I st Ing at 
least some reversal of vertical forces. This Is not automatically ful
filled by simply supported or cantilevered beams, girders, and slabs or 
by many prestressed concrete members. 

3.8 DEFLECTION AM> DRIFT Ll"ITS 

Th f s sect I on prov I des procedures for the I Im I tat ion of story drift. 
The term "drift" has two connotations: 

• "Story drift" ts the maximum lateral displacement within a 
story ( I • e. , the d I sp I acement of one floor re 1 at Ive to the 
floor below caused by the effects of seismic loads). 

• The lateral displacement or deflection due to design forces Is 
the absolute displacement of any point in the structure rela
tive to the base. This Is not "story drift" and Is not to be 
used for drift control or stabf 1 tty considerations since ft 
may give a false Impression of the effects fn critical 
stor f es. However, ft Is f mportant when cons Ider Ing se f sm f c 
separation requirements. 

There are many reasons for controlling drift; one Is to control member 
Inelastic strain. Although use of drift 1 Imitations Is an Imprecise 
and highly variable way of controlling strain, this Is balanced by the 
current state of knowledge of what the strain llmltatfons should be. 

Stab i I i ty cons I derat Ions d I ctate that fl ex I bi I i ty be contro 11 ed. The 
stabfllty of members under elastic and Inelastic deformation caused by 
earthquakes Is a direct function of both axial loading and bending of 
members. A stability problem fs resolved by llmftfng the drift on the 
vertical load carrying elements and the resulting secondary moment 
from this axial load and deflection (frequently called the P-delta ef
fect). Under small lateral deformations, secondary stresses are nor
mally within tolerable limits. However, larger deformations with heavy 
vert I ca 1 1 oads can 1 ead to s I gn I fl cant secondary moments from the 
P-delta effects In the design. The drift 1 lmlts fndl rectly provide 
upper bounds for these effects. 

Buildings subjected to earthquakes need drift control to restrict 
damage to partitions, shaft and stair enclosures, glass, and other 
fragile nonstructural elements and, more Importantly, to minimize 
differential movement demands on the seismic safety elements. Since 
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general damage control for economic reasons ts not a goal of this 
document and since the state of the art Is not well developed in this 
area, the drift limits have been established without regard to consf
derat ions such as · present worth of future repairs versus add It f ona 1 
structural costs to lfmft drift. These are matters for building owners 
and designers to examine. To the extent that life might be excessively 
threatened, general nonstructural damage to nonstructural and seismic 
safety elements is a drift limit consideration. 

The design story drift limits of Table 3-5 reflect consensus Judgnent 
taking Into account the goa 1 s of drift contro 1 out I I ned above. In 
terms of 1 ffe safety and damage control objectives, the drift l fmfts 
should yield a substantial, though not absolute, measure of safety for 
we 11 deta i 1 ed and constructed br f tt 1 e e 1 ements and prov f de to 1 erab 1 e 
1 lmlts wherein the seismic safety elements can successfully perform, 
prov I ded they are designed and constructed f n accordance w f th these 
provisions. 

To provide a higher performance standard, the drift 1 fmft for the 
essential fact 1 ates of Seismic Hazard Exposure Group Ill ts more 
stringent than the lfmft for Groups I and 11. 

The drift limits for low-rise structures are relaxed somewhat provided 
the finishes are not brittle. The type of steel building envisioned by 
the exception to the table would be sfml lar to a prefabricated steel 
structure with metal skin. When the more I fberal drift 1 fmfts are 
used, ft I s reconvnended that spec I a 1 prov i sf ons be prov I ded for the 
seismic safety elements to acconvnodate the drift. 

It should be emphasized that the drift l imfts, Aa, of Table 3-5_ are 
story drifts and, therefore, are applicable to each story (I.e., they 
must not be exceeded f n any story even though the drift f n other 
stories may be well below the limit.) The limit, Aa ts to be compared 
to the design story drift as determined by Sec. 4.6.1. 

Stress or strength limitations Imposed by design level forces occasion
ally may provide adequate drift control. However, ft ts expected that 
the design of moment resisting frames, especially steel building 
frames, and the des I gn of ta 11 , narrow shear wa 11 or braced frame 
bu i 1 d I ngs w 111 be governed at I east In part by drift cons f derat f ons. 
In areas having a large seismic coefficient, Av, ft ts expected that 
seismic drift cons_fderatlons wt I 1 predominate for but ldfngs of medium 
hef ght. In areas having a low sef smfc coefficient and for very tal 1 
but ldfngs In areas with large coeffl cf ents, wt nd considerations may 
generally will control, at least In the lower stories. 

Due to probable first mode drift contributions and Cs being generally 
conservative at higher values of Tor Ta, the Chapter 4 ELF Procedure 
may be too conservat f ve for dr f ft des f gn of very ta I 1 moment-frame 
buildings. It Is suggested for these buildings, where the first mode 

100 



Sec. 3 .8 

would be responding In the displacement reg1on of a response spectra I 
( where di sp 1 acements wou 1 d be es sent i a 11 y independent of stiffness) , 
that the Modal Analysis Procedure of Chapter 5 be used for design even 
when not required by Sec. 3.5. 

Building separations and seismic Joints are separations between two 
adJol nlng but ldlngs or parts of the same bul !ding, with or without 
frangible closures, for the purpose of permitting the adjoining build
I ngs or parts to respond Independent 1 y to earthquake ground mot I on. 
Unless all portions of the structure have been designed and constructed 
to act as a unit, they must be separated by seismic joints. For 
irregular structures that cannot be expected to act reliably as a unit, 
seismic joints should be utilized to separate the building Into units 
whose f ndependent response to earthquake ground motion can be pre
dicted. 

Although the Provisions do not give precise formulations for the separ
ations, it is required that the distance be "sufficient to avoid damag
ing contact under total deflection" In order to avoid Interference and 
poss I b I e destruct Ive hanmer Ing between bu 11 dings. It Is reconmended 
that the distance be equal to the total of the lateral deflections of 
the two units assumed deflecting toward each other (this involves 
Increasing separations with height). If the effects of hammering can 
be shown not to be detrimental, these distances can be reduced. For 
very rl gld shear wal 1 structures with rl gld diaphragms whose lateral 
deflections cannot be reasonably estimated, ft Is suggested that older 
code requirements for structural separat Ions of at 1 east 1 inch pl us 
1/2 inch for each .10 feet of height above 20 feet be followed. 
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Chapter 4 Collmentary 

EQUIVALENT LATERAL FORCE PROCEDURE 

GENERAL 

Thfs chapter discusses the Equivalent Lateral force (Elf) Procedure for 
seismic analysts of buildings. 

4.2 SE I Sltl C BASE SHEAR 

The heart of the Elf procedure is Eq. 4-1 for base shear, whfch gives 
the total seismic design force, V, In terms of two factors: a seismic 
coefficfent, C5 , and the total gravity load of the building, W. 
Equations 4-2 and 4-3 give the coefffcient C9 , which defines the design 
spectrum. This spectrum is discussed more fully in Sec. 1.4.l of the 
"Chapter 1 Conmentary." 

The gravity load Wis the total weight of the building and that part of 
the service load that might reasonably be expected to be attached to 
the bui ldlng at the tfme of an earthquake. It includes partitions, 
permanent or movable, plus permanent equipment such as mechanical and 
electrical equipment, piping, and ceilings. The normal hlMIISn live load 
·ts taken to be negl lglbly smal 1 In Its contribution to the seismic 
lateral forces. Buildings designed for storage or warehouse usage 
should have at least 25 percent of the design floor live load Included 
In the weight, W. Snow loads up to 30 psf are not considered (see Sec. 
2.1). freshly fallen snow would have 1 fttle effect on the lateral 
force In an earthquake; however, fee loadfng would be more or less 
firmly attached to the roof'of the building and would contribute signi
ficantly to the Inertia force. for this reason, the effectf ve snow 
load Is taken as the full snow load for those regions where the snow 
load exceeds 30 psf with the proviso that the local Regulatory Agency 
may a 11 ow the snow 1 oad to be reduced up to 80 percent. The quest f on 
of how ruch snow load should be Included fn W Is really a question of 
how much Ice bu 11 dup or snow entrapment can be expected for the roof 
configuration or site topography, and this Is a question best left to 
the dfscretlon of the local Regulatory Agency. 

The seismic coefflcfent formula and the various factors contained 
therein werf arrived at as _explained below. 
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Elastic Acceleration ResPollse Spectra 

See Sec. 1.4.1 of the "Chapter 1 Conmentary" for a full discussion of 
the shape of the spectra accountfng for dynamic response ampllflcatfon 
and the effect of site response, or the Soll Profile factor. 

Elastic Design Spectra 

As described In Sec. 1.4.1, the elastic acceleration response spectra 
for earthquake motions has a descending branch for longer values of T, 
the period of vlbratton of the system, and it varies roughly as 1/T. 
However, because of a nunt>er of reasons associated with the structural 
behavior of long-period bul ldlngs, it was decided that ordl nates of 
design spectra should not decrease as rapidly with T: hence, the period 
T appears to the two-third power In the denominato r of Eq. 4-2. Among 
the reasons for design f ng 1 ong-per I od bu f 1 d I ngs more conservat Ive 1 y 
are the following: 

• The fundamental period of a building Increases with number of 
stories. The longer the T, the larger the likely number of 
stories and the number of degrees of freedom and, hence, the 
more 1 Ike 1 y that h I gh duct f I I ty requ I rements can be concen
trated In a few stories of the bul ldlng, at least for some 
earthquakes. 

• The number of potential fal lure modes Increases generally 
with T. If design spectra were proportional to response 
spectra for single-degree-of-freedom systems, the probability 
of failure would increase with T. 

• Building Instability Is more of a problem with Increasing T. 

Estlmted Period 

In the denominator of Eq. 4-2, T Is Intended to be an estimate of the 
fundamental period of vl.bratfon of the bul ldlng. Methods of mechanics 
cannot be employed to calculate the vibration period before a building 
design, at least a preliminary one, Is available. Sl~le formulas that 
Involve only a general description of the building type (e.g~, steel 
moment frame, concrete moment frame, shear wall system, braced frame), 
and overal 1 dimensions (e.g. height and plan length) are therefore 
necessary to est I mate the vi brat I on per I od in order to ca 1 cu 1 ate an 
Initial base shear and proceed with a prel fmlnary design. For pre
I Im I nary member s I z Ing, It is adv I sab 1 e that th fs base shear and the 
corresponding value of T be conservative. Even for final design, use 
of a large value for T Is unconservatlve. Thus, the value of T used 1n 
design should be smaller than the true period of the building. Equa
tions 4-4 and 4-5 for the approximate period Ta are therefore Intended 
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Sec. 4.2 

to provide conservative estimates of the fundamental period of vibra
tion. An upper bound fs placed on T based on Ta and the factor Ca· 

The coefflcl ent Ca acconmodates the probable fact that bul I dings f n 
areas with lower lateral force requirements probably wf 11 be more 
flexible. Furthermore, It results In less dramatic changes from 
present pr act Ice In I ower r I sk areas. It Is genera I 1 y accepted that 
the emp1r1cal equat Ions for Ta are tal lored to flt the type of con
struct Ion conmon fn areas with high lateral force requirements. 

It Is unlikely that buildings In lower rfsk seismic areas would be de
sf gned to produce as high a drift level as al lowed fn the provisions 
due to stability problems (P-delta) and wind requirements. For bufld
fngs that are actually "controlled" by wind, the calculation of a large 
T wf 11 not really result In a lower design force; thus, use of thf s 
approach In hfgh-wfnd regions should not result in unsafe design. 

2/3 
Taking the sefsmf c base shear coefficient to vary as 1/T and as-
suming that the lateral forces are distributed linearly over the height 
and the deflections are controlled by drfft llmftatlons, a simple 
analysis of the vibration period by Rayleigh's method (Clough and 
Penzien, 1975; Newmark and Rosenblueth, 1971; Thomson, 1965; Wiegel, 
1970) 1 eads to the cone I us I on that the v I brat I on per f od of moment re
sist Ing frame structures varies roughly as hn''- where hn equals the 
total height of the bul ldlng as defined elsewhere. Equation 4-4 Is 
therefore approPr I ate and the va 1 ues of the coeff I cf ent Cr have been 
es tab I I shed to produce va I ues for Ta genera 11 y 1 ower than the true 
fundamental vibration period of moment frame buildings. This Is appar
ent In Figures C4-l and C4-2, wherein Eq. 4-4 Is compared with funda
menta 1 v f brat I on per I ods computed from acce 1 erograph records from 
upper stories of several buildings during the 1971 San Fernando earth
quake. The oPtlonal use of T = 0.lN, an approximation long In use. was 
restored In the 1988 Edition for low to moderate height frames. 

Equation 4-5 Is identical to the formula used for many years in SEAOC 
recommendations. It is apparent from Figure C4-3 that this would 
generally underestimate the fundamental vibration period of 
reinforced-concrete shear~wall buildings. Equation 4-5 Is to be used 
for a 11 bu I 1 d I ngs other than those Inc 1 uded I n F I gures C4- l and 4-2 
because there Is Insufficient data on measured periods of such building 
types and materials to permit development of special formulas. It Is 
expected to prov f de under est I mates of per I ods of v I brat I on for other 
bufldfng types. 

As an exception to Eq. 4-4 and 4-5, these provisions allow the calcu
lated fundamental period of vibration, T, of the seismic resisting 

I 

I 

system to be used In calculating the base shear. However, the period, I 
T, used may not exceed CaTa with Ta determined from Eq. 4-4 or 4-5 as 
appropriate. 
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Periods OQIIPUted froa acc4illrograph records during the 1971 S... Fernando earthquake--steel 
fraas. Eq 4-4 (01,is ttn' > Is Intended to be a conservative estfllllte. The aean value 
estlaate ts 0.049 hii • 

The Identification nlallbers, names, and addresses of the buildings considered are as fol
lows: Cl) KB Valley Center, 15910 Ventura; (2) Jet Propulsion Lab Acnlnlstratlon Building 
No. 180; (3) 6464 Sunset Boulevard; (4) 1900 Avenue of the Stars, Century City; (5) 1901 
Avenue of the Stars, Century City; (6) 1880 Century Park East, Century City; (7) 1888 
Century Park East Office Tower, Century City; (8) Hutual Benefit Life Plaza, 5900 Wilshire 
Bou I evard; ( 9) Department of Water and Power, 111 North Hope Street; ( 10) Un I on Bank 
Building, 445 South Figueroa; (Ill Kajima International, 250 East First Street; (12) Bunker 
Hill Tower, 800 West First Street; (13) 3407 West Sixth Street; (14) Occidental Building, 
1150 South HI 11 Street; ( 15) Crocker Citizens Bank Bui I ding, 611 West Sixth Street; ( 16) 
Sears HeadQuarters, 900 South Fremont, Alhant>ra; (17) 5260 Century Boulevard. 
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The Identification nunbers, names, and addresses of the bul !dings considered are as fol
lows: (I) Hol lday Inn, 8244 Orlon Street; (2) Valley Presbyterian Hospital, 15107 Vanown 
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Periods c~ed f'rca accelmograflh records during the 1971 San Fernando earthquake-
reinforced concrete shear 1111!11 I bul ldtngs. Eq 4-5 (0.05 hnf./l.) Is Intended to be a conser
vative estl..te. The~ value estlaate Is 0.07 hnf./l.. 

The Identification numbers, names, and addresses of the buildings considered are as fol
lows: ( I l Certified Life, 14724 Ventura Boulevard; (2) Kaiser Foundation Hospital, 4867 
Sunset Boulevard; (3) "111 lkan Library, Cal Tech, Pasadena; (4) 1888 Century Park East, 
Century City; (S} 3470 Wilshire Boulevard; (6) Los Angeles Athletic Club Parking Structure, 
646 South OJ Ive; (7) Parking Structure, 808 South 01 Ive; (8) USC "edlcal Center, 201 I 
Zonal; (9) Airport ttartna Hotel, 8639 Lincoln, "artna Del Ray. 
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Sec. 4.2 

For exceptionally stiff or 1 ight but ldfngs, the calculated T for the 
se I sm I c res 1 st f ng system may be s I gn ff I cant 1 y shorter than Ta ca 1 cu-
1 ated by Eq. 4-4 or 4-5. For such buildings, it fs recommended that 
the period value T be used in lieu of Ta for calculating the base shear 
coefficient, Cs· 

The fundamental period of vibration of the seismic resisting system is 
to be calculated according to established methods of mechanics (Clough 
and Penzien, 1975; Newmark and Rosenblueth, 1971; Thomson, 1965; Wie
gel, 1970). Computer programs are available for such calculations. 
One method of calculating the period, probably as convenient as any, is 
the use of the following formula based on Rayleigh's method (Clough and 
Penzien, 1975; Newmark and Rosenblueth, 1971; Thomson, 1965; Wiegel, 
1970): . 

T = 2-w 

n 2 

I Wf cSt 
i = l (C4- l) 

in which Ff is the seismic lateral force at level i, wi is the gravity 
load assigned in level I, cSi Is the static lateral dt splacement at 
level I due to the forces Ft computed on .a linear elastic basis, and g 
Is the acceleration of gravity. 

The calculated period increases with an Increase In flexibility of the 
structure because the cS term In the Ray 1 e i gh formu 1 a appears to the 
second power in the numerator but to only the first power fn the denom
inator. Thus, ff one Ignores the contribution of nonstructural ele
ments to the stiffness of the structure In calculating the deflectfons 
4, the deflections are exaggerated and the calculated period is length
ened, I ead f ng to a decrease In the coefff c I ent Cs and, therefore, a 
decrease fn the design force. Nonstructural elements do not know that 
they are nonstructural. They participate fn the behavior of the 
structure even though the designer may not rely on them for contribu
ting any strength or stiffness to the structure. To ignore them in 
ca I cu I at I ng the per I od Is to err on the unconservat Ive s I de. The 
limitation of CaTa is Imposed as a safeguard. • 

Response llodfffcatfon Factor 

The factor R in the denom I nator of Eq. 4-2 ts an emp Ir I ca 1 response 
reduction factor intended to account for both dall1)1ng and the ductility 
Inherent tn the structural system at displacements great enough to sur
pass Initial yield and approach the ultimate load displacement of the 
structural system. Thus, for a I lghtly dall1)ed but ldfng structure of 
brittle material that would be unable to tolerate any appreciable 
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deformation beyond the elastic range, the factor R would be close to I 
( 1 • e. , no reduct I on from the 1 i near e 1 ast I c response wou Id be a 11 ow
ed). At the other extreme, a heavily damped building structure with a 
very ducttle structural system would be able to withstand deformations 
consfderably In excess of lnlttal yteld and would, therefore, Justify 
the assignment of a larger response reduction factor R. Table 3-2 In 
the Provisions stipulates R coefficients for different types of build
ing systems using several different structural materials. The coeffi
cient R ranges In value from a minimum of 1-1/4 for an unreinforced 
masonry bear Ing wa 11 system to a max I mun of 8 for a Spec I a 1 '1oment 
Frame system. The basts for the R-factor values specified In Table 3-2 
was explained in the "Chapter 3 Conmentary." 

In establ lshfng Eq. 4-1 for determining the design base shear of a 
building, the use of a factor (such as an occupancy factor) related to 
the Seismic Hazard Exposure Group was discussed. After lengthy con
sideration It was decided that arbitrarily Increasing the seismic base 
shear Is generally Ineffective In Improving but ldtng safety. Good 
connections and construction details, quality assurance procedures, and 
ltmitatlons on building deformation or drift will significantly Improve 
the capabl 1 lty for maintenance of function and safety In critical 
facilities and those with a high-density occupancy. Accordingly, after 
c~rlng the design effects resulting from the preliminary version of 
the Provisions (ATC 3-06) wf th previous design codes, it was decided 
that the specified force levels provide an adequate force function for 
des I gn of a 11 bu I 1 d I ngs. However, to -Improve the capabl 1 f ty for 
meeting the more restrictive requirements for higher Seismic Hazard 
Exposure Group bui !dings, bul ldlng design categories were specified 
and appropriate special detailing requirements added. The reduction In 
the damage potential of critical facilities (Group Ill) was handled by 
using more conservative drift controls (Sec. 3.8) and by providing spe
cial design and detailing requirements (Sec. 3.6) and materials 11mita
t1ons (Chapters 9 through 12). 

•• 3 VERTICAL DISTRUIITION fE SEISIUC FORCES 

The distribution of lateral forces over the height of a but ldlng ts 
generally quite complex because these forces are the result of super
position of a number of natural modes of vibration. The relative 
contributions of these vibration modes to the total forces depends on a 
number of factors Inc I ud Ing the shape of the earthquake response 
spectrum, the natural periods of vibration of the but I ding, and the 
shapes of vibration modes that, In turn, depend on the mass and stiff
ness over the he I ght ( see Sec. 3. 4) • The bas Is of th Is method Is 
discussed below. In buildings having only minor Irregularity of mass 
or stiffness over the height, the accuracy of the lateral force dis
tribution as given by Eq. 4-6a ts much Improved by the procedure 
described In the last portion of Sec. 3.5 of the Chapter 3 Conmentary. 
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The lateral force at each 1eve1, x, (Ffgure C4-4) due to response In 
the first (fundamental) natural mode of vibration Is: 

wx•xl (C4-2) 
n 
I w1• 11 

f=l 

where Vi Is the contribution of this mode to the base shear, Wf Is the 
weight lumped at the Ith level, and +t Is the amplitude of the first 
mode at the 1th level. This Is the same as Eq. 5-4 and 5-4a In Chapter 
5 of the Prov1s1ons, but ft Is specialized for the ffrst mode. If Vi 
Is replaced by the total base shear, V, these equatfons become ldentf
cal to Eq. 4-6 and 4-6a with k = I If the ff rst mode shape Is a 
straight line and with k = 2 ff the first mode shape fs a parabola with 
Its vertex at the base. 

Force Fn - Level n 

Story n 

Force Fn-1 evel n-1 - L 

A, I 
Force Fx+l~ 

r 
I L evel x+I 

Story x+l 

Force Fx -P L evel x 

Story x 

Force Fx-1 ~ L 

I 
eve! x-1 

---.--------.,i-------
Force 

1 
- ,_ ___________ """'!I Level I 

Story 1 

FIGURE C4-4 
Description of story arw::t level. 1he shear at Story x <Yx> ts 

the SUI of all the lateral forces at and above Story x (Fx th~ Fn>• 
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It ts well known that the Influence of modes of vibration higher than 
the fundamental mode fs small fn the earthquake response of short-per
iod buf ldfngs and that, fn regular bufldfngs, the fundamental vibration 
mode departs little from a straight line. This, along with the matters 
discussed above, provides the basis for Eq. 4-6a with k • 1 for build
ings having a fundamental vibration period of 0.5 seconds or less. 

It has been demonstrated that although the earthquake response of long
per I od bu f 1 d I ngs I s pr i mar I 1 y due to the fundamenta 1 natuf a 1 mode of 
vibration, the Influence of higher modes of vibration can be signifi
cant and, i n regu 1 ar bu i 1 d I ngs , the f undamenta 1 vi brat f on mode 1 I es 
approximately between a straight line and a parabola with the vertex at 
the base. Thus, Eq. 4-6a with k = 2 f s appropriate for bul ldfngs 
hav Ing a fundamenta 1 per I od of v I brat f on of 2. S · seconds or 1 onger. 
Linear variation of k between 1 at a 0.5 second period and 2 at a 2.5 
seconds per I od provides the s I mp 1 est poss I b 1 e trans 1 t I on between the 
two extreme values. 

4.4 IGIZDNTAL SHEAR DISTRIBUTION 

The story shear In any story Is the sllft of the lateral forces acting at 
all levels above that story. Story x fs the story Immediately below 
Leve 1 x. ( See Ff gure C4-4. ) Reasonab 1 e and cons I stent assumpt Ions 
regarding the stiffness of concrete and masonry elements may be used 
for analysis in distributing the shear force to such elements connected 
by a horizontal dlaphragn. Similarly, the stiffness of moment or 
braced frames will establish the distribution of the story shear to the 
vertical resisting elements In that story. 

4.4.1 Torsion 

The torsional moment to be considered In the design of elements In a 
story consists of two parts: 

• Ht, the moment due to eccentricity between centers of 111ass and 
res f stance ~or that story, f s to be co,q::,uted as the story 
shear times the eccentricity perpendicular to the direction of 
applied earthquake forces. 

• Hta, conwnon 1 y ref erred to as "ace I denta 1 tors I on," is to be 
co,q::,uted as the story shear t f mes the "ace I denta 1 eccentr 1-
c f ty," equal to 5 percent of the dimension of the bufldfng, In 
the story under consideration perpendicular to the dfrectfon 
of the applied earthquake forces. 

C001)utat f on of Hta i n th f s manner f s equ i va 1 ent to the procedure f n 
Sec. 4. 4 wh f ch f mp 1 f es that the dfmensf on of the bufldf ng f s the 
d I mens I on f n the story where the tors f ona 1 moment f s be Ing computed 
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and that all the masses above that story should be assuned to be dis
placed fn the same direction at one time (e.g., first, all of them to 
the left and, then, to the right). 

Dynamic analyses assuming llnear behavior Indicate that the torsional 
moment due to eccentricity between centers of mass and resistance may 
significantly exceed Ht (Newmark and Rosenblueth, 1971). However, such 
dynamic magnification ts not Included In the Prov1s1ons, partly because 
its significance fs not well understood for bulldlngs designed to 
deform well beyond the range of llnear behavior. 

The tors Iona I moment Ht ca I cu I ated f n accordance w f th th f s prov f sf on 
wou Id be zero f n those stor f es where centers of mass and res I stance 
co f nc I de. However, dur Ing v f brat I on of the bu f I d.l ng, tors Iona I moments 
would be Induced In such stories due to eccentricities between centers 
of mass and resistance fn other stories. To account for such effects, 
ft is recormiended that the torsional moment fn any story be not smaller 
than the following two values (Newmark and Rosenblueth, 1971): 

• The story shear times one-half of the maximum of the computed 
eccentrf cftf es in al 1 stories below the one befng analyzed 
and 

• One-half of the maximum of the computed torsional moments for 
all stories above. 

Accidental torsion fs Intended to cover the effects of several factors 
that have not been expl let tly considered f n the Provisions. These 
factors Include the rotational component of ground motion about a 
vertical axis; unforeseeable differences between c~ed and actual 
values of stiffness, yield strengths, and dead-load masses; and unfore-
seeable unfavorable dfstrfbutfons of dead- and live-load masses. I 
There are Indications that the 5 percent accidental eccentricity may be 
too sma 11 I n some bu 11 d I ngs s I nee they may deve 1 op tors f ona 1 dynam f c 
lnstabf 1 tty. Some examples are the upper storl es of tal I but ldl ngs 
having 1 lttle or no nominal eccentrfclty, those structures \lfflere the 
calculations of relative stiffnesses of various elements are particu-
larly uncertain (e.g., those that depend largely on masonry walls for 
lateral force resistance or those that depend on vertical elements made 
of different materials), and nominally synwnetrfcal structures that 
utilize core elements alone for seismic resistance or that behave 
essentfally like elastlc nonlinear systems (e.g., some prestressed con-
crete frames). The ampl lffcatlon factor for torsionally Irregular 
buildings (Eq. 4-8) was Introduced In the 1988 Edition as an att~t to 
account for some of these problems fn a controlled and rational way. 
Raising the ratio of the power of two was done In recognftfon of the 
magnification effects on torsion that occur with changes In stiffness 
of resisting elements. 
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The way In which the story shears and the effects of torsional moments 
are distributed to the vertical elements of the seismic resfstfng 
system depends on the stiffness of the diaphragms relative to vertical 
elements of the system. 

Where the diaphragm st ff fness In its own p 1 ane is sufff cf ent I y hf gh 
relative to the stiffness of the vertical components of the system, the 
diaphragm may be assumed to be indefinitely rigid for purposes of this 
section. Then, fr, accordance with compatibility and equilibrium 
requ I rements, the shear In any story Is to be d I str I buted among the 
vertical components in proportion to their contributions to the lateral 
stl ffness of the story while the story torsional moment produces 
additional shears In these components that are proportional to their 
contributions to the torsional stiffness of the story about Its center 
of resistance. This contribution of any component Is the product of 
Its lateral stiffness and the square of ·1ts distance to the center of 
resistance of the story. Alternatively, the story shears and torsional 
moments may be distributed on the basis of a three-dimensional analysis 
of the structure, consistent with the assl.lq)tfon of linear behavior. 

Where the diaphragm In its own plane Is very flexlb -le rel at Ive to the 
vertical components, each vertical component acts almost Independently 
of the rest. The story shear shou 1 d be d fstr I buted to the vert I ca 1 
components considering these to be rigid supports. Analysis of the 
diaphragm acting as a continuous horizontal beam or truss on rfgld sup
ports leads to the dfstrfbutfon of shears. Because the properties of 
the beam or truss may not be accurately computed, the shears fn ver
tical elements should not be taken to be less than those based on 
"tributary areas." Accidental torsion may be accounted for by adjust
Ing the position of the horizontal force with respect to the supporting 
vertical elements. 

There are some conmon situations where It Is obvious that the diaphragm 
can be aasumed to be either rigid or very flexible In Its own plane for 
purposes of distributing story shear and considering torsional mo
ments. For example, a solid monotlthlc reinforced concrete slab, 
square or nearly square In plan, In a but ldfng with slender moment 
re_s I st I ng frames may . be regarded as r I g Id. A 1 arge p 1 ywood d 1 aphragm 
with widely spaced and long, low masonry waits may be regarded as very 
fl ex f b I e. In I ntermed I ate st tuet f ons, the des I gn forces shou 1 d be 
based on an analysis that explicitly considers diaphragm deformations 
and satisfies equilibrium and c~tlbfllty requirements. Alternative
ly, the design forces should be the envelope of the two sets of forces 
resulting from both extreme assUf'l1)tfons regarding the diaphragms--rlgfd 
or very flexible. 

Where the horizontal diaphragm Is not continuous, the story shear can 
be distributed to the vertical components based on their tributary 
areas. 
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4.5 OVERTURN I NG 

Th f s sect f on requ I res that the bu f 1 d f ng be des f gned to res f st over
turn f ng moments stat f ca 11 y cons f stent w f th the des I gn story shears, 
except for reduct f on factor IC f n Eq. 4-9. There are sever a I reasons 
for reducing the statfca11y computed overturning moments1 

• The distribution of design story shears over height computed 
from the lateral forces of Sec. 4.2 fs Intended to provide an 
envelope sfnce the shears fn all stories do not attafn thefr 
maximum slllkJltaneously. Thus, the overturning moments com
puted stat f ca 11 y f rem the enve 1 ope of story shears w f 11 be 
overestfmated. 

• It Is Intended that the desfgn shear envelope, which Is based 
on the sf111>1e dfstrtbutfon of forces specified In Sec. 4.3, be 
conservat f ve. If the shear f n a spec t ff c story Is c 1 ose to 
the exact value, the shears In almost all other stories are 
almost necessarily overestimated. Hence, the overturning 
moments statf cal ly conshtent with the design story shears 
will be overestfmated. 

• Under the action of overturnfng moments, one edge of the foun
dation may 11ft from the ground for short duratfons of time. 
Such behav I or 1 eads to substant fa 1 reduct I on f n the se f sm I c 
forces and, consequently, In the ·overturnfng moments. 

The overturning moments computed statfcally from the envelope of story 
shears may be reduced by no more than 20 percent. This value ts slmf-
1 ar to those obta t ned from resu I ts of dynamt c ana I ys f s tak f ng t nto 
account for the first two reasons presented above. No reductfon ts 
permitted In the uppermost 10 stories primarily because the statically 
computed overturnfng moment In these stories may err on the unsafe side 
( Newmark and Rosenb 1 ueth, 1971) • In any case, there ts hardly any 
benefit fn reducing the overturning moments In the stories near the top 
of bu 11 d I ngs because des I gn of vert I ca 1 e 1 ements f n these stor f es f s 
rare 1 y governed by overturn Ing moments. For the e 1 eventh to the 
twent I eth stor f es from the top, I I near var fat I on of 1C prov f des the 
sl111>lest transition between the minimum and 111axfnun values of 0.8 and 
1.0. 

In the design of the foundation, the overturning moment may be calcu
lated at the foundatfon-sofl Interface usfng Eq. 4-9 with ic = 0.75 for 
all bufldfng heights. This fs approprfate because a slfght uplifting 
of one edge of the foundat f on dur Ing v f brat f on 1 eads to reduct I on f n 
the overturn Ing moment and because such behavior does not normally 
cause structural distress. 

Formerly many building codes and design recomnendatlons, Including the 
1968 SEAOC recommendat f on_s, a 11 owed more drast I c reduct I on t n over-
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turning moments relative to their value statically consistent with the 
des I gn story shears. These reduct Ions appeared to be excess Ive In 
1 f ght of the damage to bu I 1 d f ngs dur Ing the 196 7 Caracas earthquake 
where a number of co 1 umn fa f 1 ures were due pr I mar f 1 y to effects of 
overturn Ing moment. In 1 ater vers Ions of the SEAOC reconwnendat f ons 
(1973), no reduction was allowed. The moderate reduction permitted In 
Sec. 4.5, which ts consistent wi"th results of dynamic analyses (Ne~rk 
and Rosenb I ueth, 1971 ) , Is more appropr I ate because use of the fu I 1 
statically determined overturning moment cannot be Justified fn lfght 
of the reasons mentioned above. 

~-6 DRIFT DETEAtUNATION ANO P-DELTA EFFE~S 

This section defines the design story drift as the difference of the 
deflections, ax• at the top and bottom of the story under considera
tion. The deflections, ax, are determined by multiplying the deflec
tions, axe (determined from an elastic analysts), by the deflection 
amplfflcatlon factor, Cd, gfven fn Table 3-2. The elastic analysts ts 
to be made for the set smlc resisting system using the prescribed 
seismic design forces and considering the building to be fixed at the 
base. Stiffnesses other than those of the selsml c resisting system 
should not be Included since they may not be rel fable at higher In
elastic strain levels. 

The deflections are to be determined by combining the effects of Joint 
rotation of members, shear deformations between floors, the axial 
deformations of the overall lateral resisting elements, and the shear 
and f 1 exura 1 deformat Ions of shear wa 11 s and braced frames. The de
f 1 ect Ions are determined Initially on the basts of the distribution of 
lateral forces stipulated In Sec. 4.3. For frame structures, the axial 
deformations from bending effects, although contributing to the overall 
bu I 1 d Ing d ts tort I on, may or may not affect the story-to-story 
drift; however, they are to be considered. Centerline dimensions be
tween the frame elements often are used for analysts, but clear span 
dimensions with consideration of Jofnt panel zone deformation also may 
be used. 

For determining compliance with the story drift limitation of Sec. 3.8, 
the def 1 ect Ions, ax, may be ca 1 cu 1 ated as Ind f cated above for the 
se Ism f c res f st f ng system and des I gn forces correspond 1 ng to the fun
damenta 1 period of the but ldfng, T (calculated without the 1 imft r , 
CaTa spec I fied In Sec. 4.2.2), may be used. The same model of the 
se I sm f c res I st 1 ng system used f n determ In Ing the deflections must be 
used for determining T. The waiver does not pertain to the calculation 
of drifts for determining P-delta effects on ment>er forces, overturning 
moments, etc. If the P-delta effects determined In Sec. 4.6.2 are 
significant, the design story drift must be increased by the resulting 
Incremental factor. 
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The P-delta effects In a given story are due to the eccentricity of the 
gravfty load above that story. If the story drift due to the lateral 
forces prescribed In Sec. 4.3 were 6, the bending moments In the story 
would be augmented by an amount equal to 6 times the gravity load above 
the story. The ratio of the P-delta moment to the lateral force story 
moment Is designated as a stability coefficient, 8, In Eq. 4-11. If 
the stab I 1 lty coefff cf ent 8 Is less than 0.10 for every story, the 
P-delta effects on story shears and moments and member forces may be 
Ignored. If, however, the stabllfty coefficient 8 exceeds ' 0.10 for any 
story, the P-delta effects on story drifts, shears, member forces, 
etc., for the whole building must be determined by a rational analysis. 

An acceptable P-delta analysis, based upon elastic stability theory, fs I 
as fol lows: 

1. Compute for each story the P-delta ar11Jllflcatlon factor, ad= 
8 / (1-8) • ac:t takes I nto ac:count the mu 1 tip ti er effect due to 
the Initial story drift leading to another Increment of drift 
that would lead to yet another Increment, etc. Thus, both the 
ef feet Ive shear in the story and the computed eccentr I c I ty 
would be augmented by a factor 1 + 8 + 82 + 83 ••• , which Is 
1/(1-8) or (l + ad>• 

2. Multiply the story shear, Vx, In each story by the factor (1 + 
ad) for that story and recompute the story shears, overturning 
moments, and other set sml c force effects correspond Ing to 
these au!JIM!nted story shears. 

This procedure effectively checks the static stability of a structure 
based upon Its Initial elastic stiffness. Some have argued that a 
better estimate of the stability would be found using the secant 
stiffness, which can be lq,lemented by deleting the term Cd from the 
denominator of Eq. 4-11. Both approaches are rooted In static stabil
ity considerations. The real problem of dynamfc stability Is complex. 
The procedure f n the Prov 1 s 1 ons may not be conservat i ve, and It I s 
recommended that designs producing a value of 8 exceeding 0.25 be 
examined very carefully, particularly If the structure resent>les an 
Inverted pendulum. 

Any of a nllllber of rat Iona 1 ana 1 yses cou 1 d be used. Some pub 1 I shed 
computer programs take P-delta effects Into account. 
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Chapter 5 Co•entary 

lllOAL ANALYSIS PROCEDURE 

5.1-5.2 GENERAL and tD>ELING 

Hoda 1 ana 1 ys ts ( Newmark and Rosenb 1 ueth, 1971 ; C 1 ough and Penz ten, 
1975; Thomson, 1965; Wtegel, 1970) generally Is appl f cable for calcu
latf ng the lfnear response of complex, multf-degree-of-freedom struc
tures and Is based on the fact that the response Is the superposition 
of the responses of lndfvldual natural modes of vlbratfon, each mode 
responding with fts own particular pattern of deformation, the mode 
shape, with Its own frequency, the modal frequency, and with Its own 
modal damping. The response of the structure therefore can be modeled 
by the response of a m.anber of sf ng 1 e-degree-of-freedom osc 111 ators 
with propertfes chosen to be representatfve of the mode and the degree 
to wh f ch · the • mode f s exc t ted by the earthquake mot I on. For certa f n 
types of ~Ing, thfs representation fs -mathematically exact and, for 
bufldfng structures, numerous full-scale tests and analyses of earth
quake response of structures have shown that the use of modal analysis, 
w f th v f scous 1 y damped s Ing 1 e-degree-of-freedom osc f 11 ators descr f bf ng 
the response of the structural modes, fs an accurate approximation for 
analysis of linear response. 

Nodal analysts Is useful fn design. The formulas descrfbing seismic 
coeffl'cf ents (e.g., Eq. 4-2) are sfq:>ly expansions of acceleration 
desfgn spectra and therefore can be used to determfne the maxlmun 
response of each mode of a complete buf ldfng. Thf s maxfmum modal 
response can be expressed In several ways. For the Prov1s1ons, ft was 
decided that the modal forces and thefr dfstrfbutfons over the struc
ture should be gf ven prfmary emphasf s to hfghl fght the slmf larfty to 
the equfvalent statfc methods tradttfonal In bufldfng codes (the SEAOC 
reconmendatfons and the USC) and the ELF Procedure fn Chapter 4. Thus, 
the coefflcfent Csm fn. Eq. 5-1 and the dfstrfbutfon equatfons, Eq. 5-4 
and 5-4a, are the counterparts of Eq. 4-1, 4-6, and 4-6a. This corre
spondence he 1 ps c I ar f fy the fact that the sf 111=> 1 If I ed moda 1 ana 1 ys Is 
contained fn Chapter 5 ts sfq:>ly an attempt to specffy the equivalent 
lateral forces on a buf ldfng In a way that dfrectly reflects the 
indf vfdual dynamfc characterfstfcs of the but ldfng. Once the story 
shears and other response variables for each of the f111JQrtant modes are 
determined and combfned to produce design values, the desfgn values are · 
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used f n bas f ca 11 y the same manner as the equ f va 1 ent 1 atera 1 forces 
gfven In Chapter 4. 

The Hodal Analysts Procedure specified fn Chapter 5 Is sfmplfffed from 
the general case by restrfctfng consideration to lateral motfon fn a 
plane. As noted fn Sec. 5.2, only one degree of freedom Is requfred 
per floor for thf s type of motion. The effects of the horizontal 
component of ground mot f on perpend f cu 1 ar to the d f rect f on under con
sider at f on, the vertical c~ent of ground motion, and the torsional 
motions of the building are all considered fn the same simple manner as 
in the ELF Procedure. 

5.3 NODES 

Thfs section deffnes the number of modes to be -used In the analysts. 
For many structures, Including low-rl se bul ldfngs and structures of 
moderate hefght, three modes of vibratfon In each dfrectlon are nearly 
always sufffcfent to determine design values of the earthquake response 
of the building. For buildings of only one or two stories, a nlM'ltler of 
modes equal to the number of stories sufffces for purposes of design 
and, hence, the last phrase. For hfgh-rlse structures, however, more 
than three modes may be required to adequately determine the forces for 
des I gn. In th Is case, a 11 modes hav f ng nature 1 per f ods 1 arger than 
0.40 second are to be used. For very tal 1 or very flexible struc
tures, ft may be necessary to consider sfx or more modes In each 
direction. 

A 1 though th I s sect I on I s I ntended to spec If y the m f n f mum nlM'ltler of 
modes to be considered, there may be Instances In which the designer 
should Include addltfonal modes In the analysts In order to obtafn· a 
more rel fable lndfcatfon of the possfble earthquake response of the 
structure. 

5.4 PERIODS 

Natural periods of vfbratfon are requfred for each of the modes used fn 
the subsequent calculations. These are needed to determine the modal 
coefficients Csm from Eq. 5-3. Because the periods of the modes 
contemplated In these provisions are those associated with moderately 
large, but still essentfally linear, bufldlng response, the perfod cal
culations should Include only those elements that are effective at 
these amplftudes. Such periods may be longer than those obtafned from 
a small-amplftude test of the bufldfng when COl11)1eted or the response 
to small earthquake motions because of the stlffenfng effects of non
structural and architectural c~ents of the bufldfng at small ampli
tudes. Our f ng response to strong ground-shak f ng, however, measured 
responses of bulldfngs have shown that the periods lengthen, fndfcatfng 
the loss of the stiffness contrfbuted by those components. 
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There exists a wide variety of methods for calculatlon of natural 
periods and associated mode shapes, and no one particular method Is 
required by the Provisions. It Is essential, however, that the method 
used be one based on genera I I y accepted pr Inc Ip I es of mechan I cs such 
as those given f n we 11 known textbooks on structura I dynamics and 
vi brat f ons (Clough and Penzf en, 1975; Newmark and Rosenbl ueth, 1971; 
Thomson, 1965; WI ege I , 1970) • A I though It f s expected that In many 
cases c0111)uter programs, whose accuracy and reliability are docunented 
and widely recognized, wfll be used to calculate the required natural 
perfods and associated mode shapes, their use fs not required. 

5.5 ttOOAL BASE SHEAR 

A central feature of modal analysis Is that the earthquake response Is 
considered as a cont>inatlon of the independent responses of the build
Ing vibrating In each of Its fq,ortant modes. As the bufldlng vfbrates 
back and forth In a particular mode at the associated period, It ex
periences maximum values of base shear, lnterstory drffts, floor 
displacements, base (overturning) moments, etc. In this section, the 
base shear In the mth mode Is specified as the product of the modal 
seismic coefficient Csm and the effective wefght Wm for the mode. The 
coefffcfent Csm Is determined for each mode from Eq. 5-3 usfng the 
associated period of the mode, Tm, In addition to the factors Av, S, 
and R, which are discussed elsewhere In the Comaentarv. An exceptfon 
to this procedure occurs for higher modes of those buildings that have 
periods shorter than 0.3 second and that are founded on Type 53 or 54 
soils. For such modes, Eq. 5-3a Is used. Equation 5-3a gives values 
ranging from 0.8 Aa/R for very short periods to 2.0 Aa/R for Tm= 0.3. 
Coq:,ar Ing these va I ues to the I Im ft Ing va 1 ues of Cs of 2. 0 Aa/ R for 
Type 53 soils as specified following Eq. 5-3, ft fs seen that the use 
of Eq. 5-3a, when applicable, reduces the modal base shear. This Is an 
approximation Introduced In consideration of the conservatism embodied 
In ustng the spectral shape specified by Eq. 5-3 and Its 1 lmltlng 
values. The spectral shape so defined Is a conservative approximation 
to average spectra that are known to first ascend, level off, and then 
decay as period Increases. Equation 5-3 and Its limiting values con
servatively replace the ascending portion for small periods by a level 
portion. For Type s1 and S2 soils, the ascending portion of the spec
tra Is c0111)1eted by the time the period reaches a small value near 0.1 
or 0.2 second. On the other hand, for soft soils the ascent may not 
be c0111)1eted until a larger period Is reached. Equation 5-3a Is then a 
replacement for the spectral shape for Type S3 and 54 soils and short 
per f ods that Is more cons I stent w I th spectra for measured acce 1 era
t Ions. It was Introduced because ft was Judged unnecessarily conserva
tive to use Eq. 5-3 for modal analysis In the case of Type S3 or 54 
soils. The effective modal gravity load given In Eq. 5-2 can be Inter
preted as spec I f y I ng the port I on of the we I ght of the bu I 1 d Ing that 
participates In the vibration of each mode. It Is noted that Eq. 5-2 
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gfves values of Wm that are fndependent of how the modes are normal
fzed. 

The ffnal equatfon of thfs sectfon, Eq. 5-3b, Is to be used ff a modal 
period exceeds 4 seconds. It can be seen that Eq. 5-3b and 5-3 coln
c I de at Tm = 4 seconds so that the effect of us f ng Eq. 5-3b Is to 
provfde a more rapfd decrease In Csm as a function of the known charac
terfstlcs of earthquake respanse spectra at Intermediate and long 
per f ods. At I ntermed I ate per I ods, . the average ve 1 oc I ty spectrum of 
strong earthquake motions from large (magnitude 6.5 and larger) earth
quakes Is approx f mate 1 y constant, wh I ch I q, 11 es that Csm shou 1 d de
crease as I/Tm· Equat f on 5-3 decreases as I/Tm 213 for reasons d ls
cussed In Sec. 4.2 of the "Chapter 4 Conmentary," and thfs slower rate 
of dee rease, If extended to very 1 ong per f ods, · wou 1 d resu 1 t f n an 
unba 1 anced degree of conservat f sm In the moda 1 force for very ta 11 
bufldlngs. In addition, for very long periods, the average displace
ment spectrum of strong earthquake motions becomes constant which 
lq,1 I es that Csm, a form of acceleration spectrum, should decay as 
l/Tm2

• The period at which the displacement response spectrum becomes 
constant depends on the sfze of the earthquake, befng larger for .great 
earthquakes, and a representat f ve per I od of 4 seconds was chosen to 
make the transition. 

5.6 NODAL FORCES, DEFLECTIONS, AND DRIFTS 

This section specifies the forces and displacements associated with 
each of the lq,ortant modes of respanse. 

Nodal forces at each level are given by Eq. 5-4 and 5-4a and are ex
pressed In terms of the gravity load assigned to the floor, the mode 
shape, and the modal base shear Vm· In applying the forces Fxm to the 
bul ldlng, the direction of the . forces Is control led by the algebraic 
sfgn of +xm• Hence, the modal forces for the fundamental mode will all 
act In the same direction, but modal forces for the second and higher 
modes wfll change direction as one moves up the building. The form of 
Eq. 5-4 fs somewhat different from that usually ~loyed In standard 
references and shows c'l ear 1 y the re 1 at I on between the rROda 1 forces and 
the modal base shear. It therefore Is a convenient form for calcula
tion and highlights the similarity to Eq. 4-6a In the ELF Procedure. 

The modal deflections at each level are specified by Eq. 5-5. These 
are the d I sp 1 acements caused by the moda 1 forces F xm cons I dered as 
static forces and are representative of the maximum 8111)11tudes of modal 
response for the essentially elastic motions envisioned wfthfn the 
concept of the se fsm f c response mod I ff cat I on coeffl cf ent R. Th Is Is 
also a logical point to calculate the modal drifts, which are required 
In Sec. 5.8. If the mode under consideration dominates the earthquake 
respanse, the modal deflection under the strongest motion conteq,lated 
by the Prov 1 s 1 ons can be est I mated by mu 1 t Ip 1 y Ing by the defl ect I on 
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amplfffcatfon factor Cd· It should be noted also that 4xm fs propor
tional to +xm (this can be shown with algebraic substitution for Fxm In 
Eq. 5-6) and will therefore change direction up and down the structure 
for the higher modes. 

5.7 tllDAL STORY SHEARS AND tOtENTS 

This section merely specifies that the forces of Eq. 5-4 should be used 
to calculate the shears and moments for each mode under consideration. 
In essence, the forces from Eq. 5-4 are appl led to each mass, and 
I I near static methods are used to ca 1 cu 1 ate story shears and story 
overturning moments. The base shear that results from the calculation 
should check with Eq. 5-1. 

5.8 DESIGN VALUES 

This section specifies the manner fn which the values of story shear, 
moment, and drift quantities and the deflection at each level are to be 
comb f ned. The method used, In wh f ch the des f gn va 1 ue Is the square 
root of the sum of the squares of the modal quantities, was selected 
for Its simplicity and fts wide famlllarfty (Clough and Penzien, 1975; 
Newmark and Rosenblueth, 1971; Wfegel, 1970). In general, It gives 
satisfactory results, but ft fs not always a conservative predictor of 
the earthquake response Inasmuch as more adverse combinations of modal 
quantities than are given by this method of combination can occur. The 
most comnon f nstance where comblnatfon by use of the square root of 
the sum of the squares Is unconservat Ive occurs when two modes have 
very nearly the same natural period. In this case, the responses are 
highly correlated and the designer should consider combining the modal 
quantftfes more conservatfvely (Newmark and Rosenblueth, 1971). 

Th f s sect f on a 1 so 1 fmfts the reduct Ion of base shear that can be 
achieved by modal analysis co,q:>ared to use of the ELF Procedure. Some 
reduction, where ft occurs, Is thought Justfffed because the modal 
analysis gf ves a somewhat more accurate representatfon of the earth
quake response. Some 1 f m It to any such poss I b 1 e reduct f on that may 
occur from the calculation· of longer natural periods Is necessary 
because the actua 1 per I ods of v I brat I on may not be as 1 ong, even at 
moderately large aq>lltudes of motion, due to the stiffening effects of 
e 1 ements not a part of the se Ism I c res 1st Ing system and of nonstruc
tura 1 and architectural components. The limit Is Imposed by co,q:>arlson 
to the ELF Procedure with a 20 percent Increase In the factor Ca. 

5.9 HORIZONTAL SHEAR DISTRIBUTION AND TORSION 

This section requires that the design story shears calculated In Sec. 
5.8 and the torsional moments prescribed In Sec. 4.4 be distributed to 

123 



Sec. 5.9/Sec. 5.ll 

the vertical eiements of the seismic resisting system as specified In 
Sec. 4.4 and as elaborated on In the corresponding section of the 
"Chapter 4 Conwnentary." Th f s Is cons I stent w I th the assumpt f on of 
planar motion used In this simplified version of modal analysts and Is 
Intended to provide resistance against torsional response. 

However, lateral and torsional motions may be strongly coupled If the 
building is Irregular In Its plan configuration (see Sec. 3.4) or ff 
the building, although regular In plan and even with nearly' coincident 
centers of mass and resistance, has Its lower natural frequencies 
nearly equal. The designer should account for the effects of torsfon 
in such bu 11 d I ngs In a more accurate manner us Ing methods of moda I 
analysis capable of at least three degrees of fr~edom per floor (two 
trans lat tonal and one torslonal). (See Sec. 3.4 of the "Chapter 3 
Conmentary.") 

5.10 FOIN>ATION OVERTURNING 

Because story moments are calculated mode by mode (properly recognizing 
that the direction of forces fxm is controlled by the algebraic sign of 
+xm> and then combined to obtain the design values of story moments, 
there is no reason for reducing these design moments. This Is In con
trast with reductions permitted In overturning moments calculated from 
equivalent lateral forces In the · analysis procedures of Chapter 4 (see 
Sec. 4.5 of the "Chapter 4 Conmentary"). However, in the design of the 
f oundat I on, the overturn I ng moment ca 1 cu 1 ated at the f oundat I on-so f 1 
f nterf ace may be reduced by 10 percent for the reasons ment I oned In 
Sec. 4.5 of the "Chapter 4 Conwnentary." 

5.11 P-DELTA EFFEClS 

Section 4.6 of the "Chapter 4 Conmentary" applies to this section. In 
addition, to obtain the story drifts when using the modal analysis pro
cedure of Chapter 5, the story drift for each mode should be Indepen
dently determined In each story (Sec. 5.8). The story drift should not 
be determined from ~he differential combined lateral building deflec
t Ions s I nee th Is 1 atter procedure w 111 tend to mask the h I gher mode 
effects In longer period structures. 
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SOIL-STRUCTURE INTERACTION 

GENERAL 

For the 1988 Ed ft f on of the Prov 1 s 1 ons , the deta f I ed procedures for 
fncorporatfng the effects of sofl-structure tnteractlon in the deter
mination of design earthquake forces are tncluded as the "Appendfx to 
Chapter 6." Use of these procedures tn the design of most bufldfngs fs 
considered to be unnecessary; therefore, ft was decfded that they were 
too specialized to be fncluded fn the Prov1s1ons proper. 

6A. l BAQ(GROtll) AND SCOPE Of Tl£ •APPENDIX TO CHAPTER 6• 

Stateaent of the Problea 

Fundamental to the desfgn provfsfons presented fn Chapters 4 and 5 fs 
the ass~tfon that the motfon experfenced by the base of a structure 
dur f ng an earthquake fs the same as the free-ff e Id ground mot f on, a 
term that refers to the motfon that would occur at the level of the 
foundat f on If no structure was present. Str f ct I y speak f ng, th Is as
s~t f on I s true on 1 y for structures supparted on es sent fa 11 y r f g f d 
ground. For structures supported on soft sofl, the foundatfon motfon 
genera JI y f s d f ff erent from the free-ff e 1 d mot f on and may f nc I ude an 
1q,ortant rockfng component fn 8ddft1on to a lateral or translatfonal 
component. The rockfng component may be partfcularly sfgnfflcant for 
tall structures. 

A f 1 ex I b 1 y supported structure a I so d I ffers from a r I g Id 1 y supported 
structure In that a substantial part of fts vlbratlonal energy may be 
dissipated Into the supportf ng medhn by radfatlon of waves and by 
hysteret f c act f on f n the so f I • The f q,ortance of the I atter factor 
f ncreases wfth f ncreaslng f ntenslty of ground-shaking. There fs, of 
course, no counterpart of thfs effect of energy dlssfpatfon fn a 
rfgfdly supported structure. 

The effects of sofl-structure fnteractlon accounted for fn the "Appen
d Ix to Chapter 6" represent the d I ff erence In the response of the 
structure computed by ass\Mllfng the motfon of the foundation to be the 
same as the free-ff e 1 d ground mot f on and cons f der f ng the mod f ff ed or 
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actua I mot I on- of · the f oundat ton. This difference depends on the 
characteristics of the free-field ground motion as well as on the 
properties of the structure and the supporting medium. 

The Interaction effects provided for herein should not be confused with 
the so-ca 11 ed "s I te effects." The 1 atter effects refer to the fact 
that the characteristics of the free-field ground motion Induced by a 
dynamic event at a g I ven st te are funct Ions of the propert I es and 
geo 1 og I ca 1 features of the subsurface soi 1 and rock. The 'interact f on 
effects, on the other hand, refer to the fact that the dynamic response 
of a structure built on that site depends, In addition, on the Interre
lationship of the structural characteristics and the properties of the 
local underlying soil deposits. The site effects are reflected In the 
values of the seismic design coefficients efl1)1oyed in Chapters 4 and 5 
and are accounted for only implicitly fn the "Appendix to Chapter 6." 

Possible Approaches to the Problem 

Two df fferent approaches may be used to assess the effects of sol 1-
structure Interaction. The first involves modtfylng the stipulated 
free-field design ground motion and evaluating the response of the 
given structure to the modified motion of the foundation whereas the 
second Involves modifying the dynamic properties of the structure and 
eva 1 uat Ing the response of the mod If I ed structure to the prescr I bed 
free-field ground motion (Veletsos, 1977). When properly Implemented, 
both approaches 1 ead to equ Iva 1 ent resu I ts. However, the second ap
proach, i nvo 1 v Ing the use of the free-fl e Id ground mot I on, fs more 
convenient for design purposes and provides the basts of the provisions 
presented fn the "Appendix to Chapter 6." 

Characteristics of Interaction 

The Interaction effects In the approach used here are expressed by an 
Increase In the fundamental natural period of the structure and a 
change (usually an Increase) In Its effective damping. The Increase In 
period results from t~e flexibility of the foundation soil whereas the 
change In damping results mainly from the effects of energy dissipation 
fn the soil due to radiation and material damping. These statements 
can be clarified by comparing the responses of rigidly and elastically 
supported systems subjected to a harmonic excitation of the base. Con
sider a linear structure of weight W, lateral stiffness k, and coeffi
cient of viscous ~Ing c (shown fn Figure C6A-1) and assume that It 
Is supported by a foundation of weight W0 at the surface of a homogene
ous, elastic halfspace. The foundation mat Is Ideal lzed as a rigid 
circular plate of negligible thickness bonded to the supporting medium, 
and the columns of the structure are considered to be weightless and 
axially Inextensible. Both the foundation weight and the weight of the 

- structure are assumed_ to be uniformly distributed over circular areas 
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of radfus r. The base excftatfon fs specfffed by the free-ffeld motion 
of the ground surface. Thf s is taken as a horfzontal ly directed, 
simple harmonic motion with a period T0 and an acceleration amplitude 
Sm• 

,, 

d(t) 
• ,.. 

FIGUAE 6A-I 
Staple syst• Investigated. 

The conff gurat f on of th Is ·system, wh f ch has three degrees of freedom 
when fl ex f b 1 y supparted and a sf ng 1 e degree of freedom when f I xed at 
the base, fs specfffed by the lateral displacement and rotation of the 
foundatfon, y and e, and by the displacement relative to the base of 
the top of the structure, u. The system may be v f ewed e f ther as the 
direct model of a one-story buf ldf ng frame or, more generally, as a 
model of a multistory, multlmode structure that responds as a single
degree-of-freedom system f n fts ffxed-base condftfon. In the latter 
case, h must be Interpreted as the distance from the base to the cen
troid of the I nertla forces associated with the fundamental mode of 
v I brat I on of the f I xed-base structure and W, k, and c must be Inter
preted as fts generalized or effective weight, stiffness, and dar1')fng 
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coefficient, respectively. The relevant expressions for these quanti
ties are given below. 

The solid lines In Figures C6A-2 and C6A-3 represent response spectra 
for the steady-state ~lltude of the total shear In the colunns of the 
system ·cons I dered f n FI gure C6A-l • Two d I fferent va 1 ues of h/r and 
several different values of the relatlve flexibility parameter for the 
soil and the structure, +o• are considered. The latter parameter Is 
defined by the equation: 

(C6A-l) 

In which h Is the height of the structure as previously Indicated, Vs 
Is the velocity of shear wave propagation In the halfspace, and T Is 
the fixed-base natural period of the structure. A value of • • O 
corresponds to a rigidly supported structure. 

The results In Figures C6A-2 and C6A-3 are displayed In a dimensionless 
form, with the abscissa representing the ratio of the period of the 
excitation, T0 , to the ffxed-base natural period of the system, T, and 
the ordinate representing the ratio of the ~lltude of the actual base 
shear, V, to the ~lltude of the base shear induced In an Infinitely 
st ff f, r f g Id 1 y supported structure. The 1 atter quant I ty Is g I ven by 
the product mam, In which m = W/g, g Is the acceleration of gravity, 
and 8m I s the acce 1 erat I on ~ 1 I tude of the free-fl e 1 d ground mot f on. 
The Inclined scales on the left represent the deformation ~lltude of 
the superstructure, u, normalized with respect to the displacement am
plitude of the free-field ground motion: 

dm = smT~/4,r2. (C6A-2) 

The daq)lng of the structure In Its fixed-base condition, 8, ts consi
dered to be 2 percent of the critical value, and the additional parame
ters needed to characterize c~letely these solutlons are Identified 
In Veletsos and Heek (1974), from which these figures have been repro
duced. 

~rlson of the results presented In these figures reveals that the 
effects of soll-structure Interaction are most strikingly reflected In 
a shift of the peak of the response spectrun to the right and a change 
In the magnitude of the peak. These changes, whfch are partlcularly 
promf nent for taller structures and more flexible sol ls ( Increasing 
va 1 ues of • 0 ) , can conven I ent 1 y be expressed by an I ncrease In the 
natural period of the system over fts fixed-base value and by a change 
In Its daq)lng factor. 

Also shown In these figures fn dotted lines are response spectra for 
single-degree-of-freedom (SDF) oscillators, the natural period and 
damping of which have been adjusted so that the absolute maxlnun (reso
nant) va I ue of the base shear and the assoc fated per I od are In each 
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case I dent I ca 1 to those of the actua 1 Interact Ing systems. The base 
motion for the replacement osclllator fs considered to be the same as 
the free-field ground motion. With the properties of the replacement 
SDF osclllator determined fn this manner, ft fs Important to note that 
the response spectra for the actual and the replacement systems are fn 
exce 11 ent agreement over w I de ranges of the exc It Ing period on both 
sides of the resonant peak. 

.:::L 
mom1 

0.1 

--- Exact Solution 
_______ Replacement 

SDF Oscillator 

,WEA~QliZ.J • »,.W3' 

h 
-=I 
r 

0.011,..,,A,LL..IL..&.I.,...__.__ ................. ....._ ............... ____ ___. ___ ...................... ...__ 
I 10 0.1 

T0/T 

FIGURE C6A-2 
Response spectra for systall vlth h/r • l (Veletsos Md tleek, 1974). 
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FIGURE C6A-3 
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Response spectra for systeas 
vtth_h/r • 5 (Veletsos and Neek, 1974). 

10 

In the context of Fourfer analysts, an earthquake motion may be viewed 
as the result of superposition of harmonfc motfons of dffferent periods 
and ampl ltudes. Inasmuch as the components of the excitation wfth 
per f ods c 1 ose to the resonant per I od are 1 I ke 1 y to be the dom I nant 
contr I butors to the response, the maxi mun responses of the actual 
system and of the replacement oscl 1 lator can be expected to be In 
satisfactory agreement for earthquake ground motfons as well. This 
expectation has been conffrmed by the results of comprehensfve compara
tfve studfes (Veletsos, 1977: Veletsos and Neek, 1974; Veletsos and 
Nafr, 1975). 
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It follows that, to the degree of approximation involved In the repre
sentation of the actual system by the replacement SOF oscillator, the 
effects of I nteractlon on maximum response may be expressed by an 
Increase In the fundamental natural perfod of the fixed-base system and 
by a change In fts ~f ng value. In the fol low Ing sectjons, the 
natural perfod of replacement oscf 1 lator fs denoted by T and the 
assocfated 'dampfng factor, by a. These quantities wl 11 also be re-
ferred to as the ef feet Ive natura 1 per f od and the effect f ve damp Ing 
factor of the Interacting system. The relatfonshfps between T and T 
and between Band Bare considered fn Sec. 6A.2.l.l and 6A.2.l.2. 

Basis of Provisions and Asstaptlons 

Current knowledge of the effects of soil-structure Interactions fs de
rfved mafnly from studies of systems of the type referred to above In 
whfch the foundation Is Idealized as a rigid mat. For foundations of 
thfs type, both surface-supported and embedded structures resting on 
unfform as well as layered soil deposits have been investigated (Biel
ak, 1975; Chopra and Gutterrez, 1974; Jennings and Bielak, 1973; Liu 
and Fagel, 1971; Parmelee et al., 1969; Roesset et al., 1973; Veletsos, 
1977; Veletsos and Meek, 1974; Veletsos and Nafr, 1975). However, only 
a small amount of Information Is available concerning the Interaction 
effects for structures supported on spread footfngs or pile foundations 
(Blaney et al., n.d.; Novak; 1974; Ratner, 1975b). The provisions 
proposed In the "Appendix to Chapter 6" f'or the latter cases represent 
the best I nterpretat I on and Judgnent of the deve I opers of the prov 1-
s Ions regarding the current state of knowledge. 

Fundamenta 1 to these prov ts Ions fs the ass\.111Jt I on that the structure 
and the underlying soil are bonded and remafn so throughout the perfod 
of ground-shakfng. It Is further assumed that there Is no sof 1 in
stabf 1 lty or large foundation settlements. The design of the founda
tion In a manner to ensure satisfactory sol 1 performance (e.g., to 
avoid sot 1 fnstabf 1 tty and settlement assocfated with the compaction 
and ltquefactfon of loose granular sofls), Is beyond the scope of the 
"Append f x to Chapter 6. " F Ina 11 y, no account I s taken of the i nter
act ton effects among nefghborlng structures. 

Nature of Interaction Effects 

Oependfng on the characterfstlcs of the structure and the ground motion 
under consfderatton, soil-structure Interaction may Increase, decrease, 
or have no effect on the magnitudes of the maximum forces Induced In 
the structure Itself (Bielak, 1975; Jennings and Bielak, 1973; Velet
sos, 1977; Veletsos and Meek, 1974; Veletsos and Nair, 1975). However, 
for the conditions stipulated In the development of the provisions for 
rigidly supported structures presented In Chapters 4 and 5, sot 1-
structure Interact I on w 111 reduce the des I gn _va 1 ues of the base shear 
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and moment from the levels applicable to a rigid-base condition. 
These forces therefore can be evaluated conservatively without the 
adjustments reconmended In the "Appendix to Chapter 6." 

Because of the Influence of foundatfon rockfng, however, the horizontal 
displacements relative to the base of the elastfcally supported struc
ture may be larger than those of the corresponding fixed-base struc
ture, and this may Increase both the required spacing between buildings 
and the secondary destgn forces assocfated wtth the P-delta effects. 
Such Increases generally are small. 

Scope 

Two procedures are used to Incorporate effects of the so I 1-structure 
lnteractfon. The first fs an extensfon of the Equivalent Lateral Force 
Procedure presented f n Chapter 4 and I nvo 1 ves the use of equ f va 1 ent 
1 atera 1 stat I c forces. The second Is an extens I on of the s I mp 1 If I ed 
Hoda 1 Ana 1 ys f s Procedure presented f n Chapter 5. In the 1 atter ap
proach, the earthquake-fnduced effects are expressed as a linear com
bination of terms, the nunt>er of which Is equal to the nuroer of stor
fes Involved. Other more cOl1')1ex procedures also may be used, and 
these are outlined brfefly at the end of this conmentary on the "Appen
d Ix to Chapter 6. " However, It I s be 1 I eved that the more I nvo 1 ved 
procedures are Justified only for unusual buildings of extreme Impor
tance and only when the resu 1 ts of the spec If I ed s I mp 1 er approaches 
have revealed that the Interaction effects are Indeed of definite 
consequence fn the design. 

6A.2 EQ,IIVALENT LATERAL FORCE PROCEDURE 

Thfs procedure 1s slml lar to that used In the older SEAOC reconmenda
tfons except that It Incorporates several IQ>rovements (see the "Chap
ter 4 Conmentary"). In effect, the procedure considers the response of 
the structure In fts fundamental mode of vibration and accounts for the 
contributions of the higher modes fmplfcftly through the chofce of the 
effective wefght of the structure and the vertfcal dlstrlbutfon of the 
lateral forces. The effects of soil-structure lnteractfon are ac
counted for on the assumption that they Influence only the contribution 
of the fundamental mode of vibration. For but ldlng structures, this 
assumpt I on has been found to be adequate (BI e 1 ak, 1976; Jenn I ngs and 
Bielak, 1973; Veletsos, 1977). 

6A.2.I Base Sheer 

With the effects of soil-structure Interaction neglected, the base 
shear Is defined by Eq. 4-1 (Chapter 4): 
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(4- l) 

In which W Is the total dead weight of the building and of appllcable 
portions of the design live load (as specified In Sec. 4.2) and Cs ts 
the dlmenslonless seismic design coefficient (as defined by Eq. 4-2). 
The coefficient Cs depends on the seismic zone under consideration, the 
propert f es of the s I te, and the character f st I cs of the bu I Id Ing It
se 1 f. The 1 atter character i st I cs Inc 1 ude the ff xed-base fundamenta 1 
natural period of the structure, T; the associated damping factor, 8; 
and the degree of perm I sslble Inelastic deformation. The damping 
factor does not appear explicitly In Eq. 4-2 because a constant value 
of 8 = 0.05 has been used for all structures for which the Interaction 
effects are negligible. The degre~ of permissible Inelastic action Is 
reflected in the choice of the reduction factor, R. 

It fs convenient to rewrite Eq. 4-1· in the form: 

V = Cs<T,8) W + Cs(T,B)[W - W], (C6A-3) 

where W represents the generalized or effective weight of the structure 
when vibrating In fts fundamental natural mode. The terms In paren
theses are used to ernphaslze_the fact that C5 depends upon both T and 
8. The relatlonshfp between Wand W ts given below. The first term on 
the right side of Eq. C6A-3 approximates the contribution of the funda
menta 1 mode of v I brat f on whereas. the second term approx f mates the 
contrf but f ons of the hf gher natural modes.· 

Inasmuch as soil-structure Interaction may be considered to affect only 
the contribution of the fundamental mode and Inasmuch as this effect 
can be expressed by changes In the fundamental natural period and the 
associated damping of the system, the base shear for the Interacting 
system, V, may be stated tn a form analogous to Eq. C6A-3: 

9 = Cs<f,i> g + Cs<T,B)[W - W]. (C6A-4) 

The value of Cs In the first term of this equation should be evaluated 
for the natural period and ~Ing of the elastically supparted system, 
f and i, respectively, and the value of Cs In the second term should be 
eva I uated for the correspond f ng quant It t es of the r f g Id 1 y supported 
system, T and 8. 

Before proceed t ng wt th the eva I uat f on of the coeff f cf ents Cs t n 
Eq. C6A-4, ft fs desirable to rewrite this formula In the same form as 
Eq. 6A-l. Making use of Eq. 4-1 and rearranging terms, the following 
expression for the reduction fn the base shear Is obtained: 

6V = [Cs(T,8) - Cs<T,8)] W. (C6A-5) 

Within the ranges of natural period and dan1)1ng that are of Interest In 
studies of bul ldlng response, the values of Cs corresponding to two 
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different dampf-ng values but the same natural perfod (e.g., T), are re
lated approximately as follows: 

- ~ ~ ~ o-~ Cs (T,8) = CsCT,8) (8/8) . (C6A-6) 

Thfs expression, whfch appears to have been first proposed In Arfas and 
Husfd (1962), is In good agreement with the results of recent studies 
of earthquake response spectra for systems having different ~Ing 
values (Newmark et al., 1973). 

Substitution of Eq. CGA-6 In Eq. C6A-5 leads to: 

6V = (Cs (T,8} - C9 CT,8) C8/i) 0 "~] W, (C6A-7) 

where both values of Cs are now for the damping factor of the rigidly 
supported system and may be evaluated from Eq. 4-2. If the values 
corresponding to the periods T and Tare denoted more sfmply as Cs and 
Cs, respectively, and if the damping factor 8 fs taken as 0.05, 
Eq. C6A-7 reduces to Eq. 6A-2. 

Note that Cs In Eq. 6A-2 Is smaller than or equal to Cs be£_ause Eq. 4-2 
Is a non I ncreas f ng funct I on of the natura 1 per f od and T Is greater 
than or equal to T. Furthermore, since the mlninun value of ifs taken 
as 8 = 8 = 0.05 (see statement following Eq. 6A-9), the shear reduction 
6V is a non-negative quantity. It follows that the design value of the 
base shear for the e 1 ast I ca 11 y supported structure cannot be greater 
than that for the associated rigid-base structure. 

The effective weight of the building, W, fs defined by Eq. 5-2 (Chapter 
5), In which +1m should be Interpreted as the displacement amplitude of 
the 1th floor when the structure Is vibrating fn fts fixed-base funda
mental natural mode. It should be clear that the ratfo W/W depends on 
ttfe detailed characteristics of the structure. A constant value of W s 

0.7 W fs recommended In the interest of sf~lfcfty and because it fs a 
good approxfmatfon for typical but ldfngs. As an example, ft Is noted 
that for a tall building for whfch the wefght fs uniformly distributed 
along the height and for which the fundamental natural mode increases 
11 near 1 y from the base to the top, the exact va 1 ue of W = 0. 75 W. 
Naturally, when the full wefght of the structure fs concentrated at a 
single level, W should be taken equal to W. 

The maxfmun permfssfble reduction fn base shear due to the effects of 
sofl-structure fnteractfon fs set at 30 percent of the value calculated 
for a rfgfd-base condftfon. It Is expected, however, that this lfmlt 
will control only Infrequently and that the calculated reduction, In 
most cases, wlll be less. 
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6A.2.I.I Effective Building Period 

Equation 6A-3 for the effective natural period of the elastically sup
ported structure, T, Is determ t ned from ana I yses in wh t ch the super
structure is presumed to respond tn Its fixed-base fundamental mode and 
the foundation weight Is considered to be negltglble In c0111)arlson to 
the weight of the superstructure (Jennings and Bielak, 1973; Veletsos 
and Heek, 1974). The first term under the radical represents the I 
pert od of the fixed-base structure. The fl rst port ton 6f the second 
term represents the contribution to T of the translational flexibility 
of the foundation, and the last portion represents the contribution of 
the corresponding rocking flexibility. The quantities k and h repre-
sent, respectively, the effective stiffness and effective height of the 
structure, and Ky and Ke represent the translattonal and rocking 
stiffnesses of the foundation. 

Equation 6A-4 for the structural stiffness, k, 
known expression for the natural period of the 

T = 2Tl✓(l/g)(W/k). 

is deduced from the well 
fl xed-base system: 

(C6A-8) 

The effective height, h, is defined by Eq. 6A-13, In which +11 has the 
same meaning as the quantity +tm in Eq. 5-2 (Chapter 5) when m = 1. In 
the interest of sl~ltctty and consistency with the approximation used 
in the def In It I on of W, however, a constant va I ue of h = O. 7 hn i s 
recommended where hn is the total height of the structure. This value 
represents a good approximation for typical buildings. As an ex~le, 
it ts noted that for tall buildings for which the fundamental natural 
mode increases linearly with height, the exact value of h ts 2/3 hn· 
Naturally, when the gravity load of the structure ts effectively con
centrated at a single level, hn must be taken as equal to the distance 
from the base to the level of weight concentration. 

Foundation stiffnesses depend on the geometry of the foundation-sot I 
contact area, the properties of the sofl beneath the foundation, and 
the character I st t cs of the foundat I on mot I on. Host of the ava I 1 ab I e 
Information on this subject Is derived from analytical studies of the 
response of harmonically excited rigid circular foundations, and ft is 
desirable to begin with a brief review of these results. 

For circular mat foundations supported at the surface of a homogeneous 
halfspace, stiffnesses Ky and Ke are given by: 

and 
Ky= (8 ay)/(2 - v)Gr 

Ke= (8 09/3(1 - v)]Gr 3
, 

(C6A-9) 

(C6A-10) 

where r ts the radius of the foundation; G Is the shear modulus of the 
halfspace; v is Its Poisson's ratio; and ay and 09 are dimensionless 
coef f I c i ents that depend on the pert od of the exc I tat I on, the d t men-
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stons of the foundatton, and the prapertfes of the supportfng medh.n 
(Luco, 1974; Veletsos and Verbfc, 1974; Veletsos and Wef, ·1911). The 
sheEir'modulus fs related to the shear wave velocfty, Vs• by the fonnu
la: 

(C6A..;. l l) 

In which y Is the unit weight :of the materfal. The values of G, Vs, 
and v shou 1 d be t nterpreted as average va 1 ues for the reg f on of the 
soil that fs affected by the forces acting on the foundation· and should 
correspond 1:o the cond It Ions deve 1 aped dur f ng the des I gn earthquake. 
The evaluation of ' these quantities is considered further fn subsequent 
sect f ons. For stat I ca 11 y 1 oaded foundations, the st tffness coef
ficients ay and ae are unity, and Eq. C6A-9 and C6A-10 reduce to: 

and 
Ky= 8 Gr/(2 - v) 

Ke a 8 Gr3 /3(1 ~ ~). 

(C6A-12) 

(C6A-13) 

Studfes of the Interaction effects in structure-soil systems have shown 
that, within ~the ranges of parameters of f nterest for bul ldfng struc
tures · subjected to ·earthquakes, the results are Insensitive to the 
period-dependency of ay and ae and that ft fs sufffcfently accurate for 
practical purposes to use the static stiffnesses, deffned by Eq. C6A-12 
and C6A-13. · 

Foundation embeanent has the effect of Increasing the stiffnesses Ky 
and Ke. For embedded foundat Ions · for wh f ch there is pos ft f ve contact 
between . the s I de wa 11 s and the surround f ng so f 1 , Ky and Ke may be 
determined from the followfng approximate formulasz 

and 
Ky :ar J8 G!"/(2 - v)J[l + (2/3)(d/r)] 

Ke :ar [8 Gr3 /3(- v)][I + Z(d/r)], 

(C6A-14) 

(C6A-15) 

In wh I ch d f s the depth of ent>eanent. These formu 1 as are based on 
f 1. n I te e_l ement so 1 ut Ions ( B 1 aney et a 1 • , n. d. ) • 

Both analyses and aval 1ab1e test data (Erden, 1974) Indicate that the 
effects of foundation einbedment are sensitive to the condition of the 
backf111 and 'that judgment must be exercised In usfng Eq. C6A-14 and 
C6A-'f5 • . For ex8111)1e, If a str-ucture Is ent>edded In such a way that 
there I s · no pos It I ve contact between the so I 1 and the wa 11 s of the 
structure, or when any ex I st f ng contact cannot reasonab 1 y be expected 
to remain effective during the stipulated design ground motfon, stiff
nesses Ky and Ke should be determined from the formulas for surface
supported . f oundat Ions. More genera 11 y, the quant I ty d In Eq. C6A-l 4 
and C6A-15 should be Interpreted as the effective depth of foundation 
embedment for the conditions that would prevaf I during the desfgn 
earthquake. 

138 



S,C, §A.2,l,l 

The forrwlas for Ky and Ke presented above are strictly val Id only for 
foundations supported on reasonably uniform sol I deposits. When the 
foundation rests on a stratum of soft soll underlaln by a 111.1ch stiffer, 
rock-llke deposit with an abrupt Increase In stiffness, K and Ke may 
be determined from the two general lzed fort'Mllas In which G ~s the shear 
modulus of the soft sofl and Ds Is the total depth of the stratum. 

First, using Eq. C6A-16, Ky• 

(8 Gr/(2 - v)][l + (2/3)(d/r)][l + (1/2)(r/Ds>l[l + (5/4)(d/Ds)]. 

Second, using Eq. C6A-17, Ke• 

(8 Gr3 /3(1 - v)][l + 2(d/r)][l + (l/6)(r/Ds>l[l + 0.7(d/Ds)]. 

These fort'Mllas are based on analyses of a stratun supported on a rigid 
base (Elsabee et al.,1977; Kausel and Roesset, 1975). 

The Information for circular foundations presented above may be applled 
to mat foundations of arbitrary shapes provided the fol lowlng changes 
are ffl8de1 

1. The radius r In the expressions for Ky In Eq. 6A-7 Is re
placed by the quantity• 

ra • IA0 /w, 

which represents the radius of a disk that has the area, A0 , 
of the actual foundation. 

2. The radius r In the expressions for Ke In Eq. 6A-8 Is re
placed by the quantity• 

rm• 110 /w, 

which represents the radius of a disk that hlls the ....nt of 
Inertia, 10 , of the actual foundation. 

For footing foundations, stiffnesses~ and Ke are cOl'IIPUted by SUllllfng 
the contributions of the fndfvfdual ,.-ootfngs. If ft 11 assUNd that 
the foundation behaves as a rigid body and that the fndlvfdual footings 
are widely spaced so that they act as Independent units, the following 
forrwlas are obtained• 

and 
Ky• tkyl (C6A-18) 

(C6A-19) 

The quantity k I represents the horlzontal stiffness of the 1th foot
I nsu kx1 and let represent, respectively, the corresponding vertical 
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and rocking stiffnesses; and Yf represents the normal distance from the 
centroid of the 1th footing ·to the rocking axfs of the foundation. The 
sumnatfons are considered to extend over all footings. The contribu
tion to Ke of the rockfng stiffnesses of the fndfvldual footfngs, k81, 
generally ts small and may be neglected. 

The stiffnesses ky1, kx1, and ket are defined by the formulas: 

and 

kyf = [8G1r8 1/(2 - v)][I + 2/3d1/r 8 1J, 

kxf = [4G1ra1/(I - v)][l + 0.4d1/ra], 
3 

ket = [8Gtrm1/2(1 - v)](l + 2d1/rm1_J, 

(C6A-20) 

(C6A-21) 

(C6A-22) 

fn which dt Is the depth of effectfve embedment for the 1th footing; G1 
ts the shear modulus of the sotl beneath the 1th footing; r 81 = ✓Aotl• 
fs the radius of a cfrculat footing that has the area of the 1th foot 
ing, A0 1; and rm1 equals /410 1/w = the radius of a circular footing, 
the moment of f nertfa of whf ch about a horizontal centrofdal axis Is 
equal to that of the 1th footing, 10 1, fn the direction In whfch the 
response Is being evaluated. 

For surface-suppc,rted footfngs and for embedded footings for which the 
side wall contact with the soil cannot be consfdered to be effective 
during the stipulated design ground motion, dt fn these formulas should 
be taken as zero. Furthermore, the values·of Gt should be consistent 
with the stress levels expected under the footings and should be evalu
ated with due regard for the effects of the dead loads Involved. This 
matter ts considered further fn subsequent sections. 

For closely spaced footings, consfderatfon of the coupl fng effects 
among footfngs will reduce the c~ted value of the overall foundation 
s"t'f ffness. This reduction wf 11, fn turn, Increase the fundamental 
natural period of the system, T, and decrease the value of AV, the 
amount by whf~h the base shear ts reduced due to sofl-structure fnter
actfon. It follows that the use of Eq. C6A-18 and C6A-19 wfll err on 
the conservat f ve s f de f n th f s case. The degree of conservat I sm f n
vo l ved, however, wt11. partly be coq,ensated by the presence of a 
basement slab that, even when ft ts not tied to the structural frame, 
wfll Increase the overall stiffness of the foundation. 

The va 1 ues of Ky and Ke for pf 1 e foundat Ions can be c°""uted f n a 
manner analogous to that described fn the preceding section by evalu
atfng the horfzontal, vertical, and rocking stiffnesses of the fndf
vfdual pfles, kyt• kxt and k91, and by combining these stiffnesses fn 
accordance with Eq. C6A-18 and C6A-19. 

The fndfvfdual pfle stiffnesses may be determined from ffeld tests or 
analytf cal ly by treating each pt le as a beam on an elastic subgrade. 
N\fterous formulas are available In the literature (Nair et al., 1969) 

140 



Sec. 6A. 2 • l. l 

that express-these stiffnesses fn terms of the modulus of the subgrade 
reaction and the properties of the pfle Itself. Although they differ 
1n appearance, these formulas lead to practically similar results. 
These stiffnesses are typfcally expressed In terms of the stiffness of 
an equ Iva 1 ent freestandf ng cant i 1 ever, the physf cal propert f es and 
cross-sectional dimensions of which are the same as those of the actual 
pfle but the length of which 1s adjusted appropriately. The effective 
1 engths of the equ Iva I ent cant I 1 evers for hor 1 zonta I mot I on and for 
rocking or bending motion are slightly different but are often assumed 
to be equal. On the other hand, the effective length In vertical 
motfon 1 s generally considerably greater. For further detal ls, the 
reader Is referred to Nair et al. (1969). 

The soil properties of Interest are the shear modulus, G, or the as
sociated shear wave velocity, vs; the unit weight, y; and Pol sson's 
ratio, v. These quantities are likely to vary from point to point of a 
construction site, and it Is necessary to use average values for the 
sol 1 region that Is affected by the forces acting on the foundation. 
The depth of significant Influence Is a function of the dimensions of 
the foundat f on base and of the d f r·ect f on of the mot f on I nvo 1 ved. The 
effective depth may be considered to extend to about 4ra below the 
foundation base for horizontal and vertical motions and to about l.Srm 
for rocking motion. For mat foundations, the effective depth ts re
lated to the tota I p 1 an d f mens Ions of the mat whereas for but Id I ngs 
supported on widely spaced spread footings, ft is related to the dimen
sions of the fndf vfdual footings. For -closely spaced footings, the 
effect f ve depth may be determf ned by superpos ft f on of the "pressure 
bulbs" Induced by the forces acting on the Individual footings. 

Since the stress-strain relations for soils are nonlinear, the values 
of G and v5 also are functions of the strafn levels Involved. ·In the 
formulas presented above, G should be Interpreted as the secant shear 
modu 1 us correspond f ng to the s 1 gn f fl cant stra f n 1 eve 1 In the affected 
reg I on of the f oundat f on so I 1 • The approx f mate re 1 at f onsh I p of th I s 
modulus to the modulus G0 corresponding to small amplitude strafns (of 
the order of 10-3 percent or less) Is given In Table 6A-I. The back
grounds of this relationship and of the corresponding relationship for 
Vs/vso are Identified below •. 

The low a~litude value of the shear modulus, Go, can most conveniently 
be determined from the associated value of the shear wave velocity, 
Vso• by use of Eq. C6A-ll. The latter value may be determined approx
imately from ~frfcal relations or more accurately by means of fleld 
tests or laboratory tests. 

The quantities G0 and Vso depend on a large nunt>er of factors (Hardin 
and Black, 1968; Hardin and Drnevlch, 1972; Richart et al., n.d.), the 
most Important of whf ch are the void ratio, e, and the average con
fining pressure, a0 • The value of the latter pressure at a given depth 
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beneath a parttcular bulldtng foundation may be expressed as the sum of 
two terms as follows: 

(C6A-23) 

ln which 005 · represents the contribution of the weight of the soll and 
a0 b represents the contribution of the superlff'3()sed weight of the 
building and foundation. The first term Is defined by the formula: 

- , 
a0 s = (1 + 2 K0 /3)y x, (C6A-24) 

In which xis the depth of the soil below the ground surface, y' ts the 
average effective unit weight of the soil to the depth under considera
tion, and K0 Is the coefficient of hortzontal earth pressure at rest. 
For sands and grave I , K0 has a va_l ue of 0. 5 to 0. 6 whereas for soft 
c I ays, K0 =- 1 • 0. The pressures aob deve I oped by the we I ght of the 
bu I Id Ing can be est I mated from the theory of e I ast I c I ty ( Pou I os and 
Davis, 1974). _In contrast to a0 s which Increases linearly with depth, 
the pressures aob decrease with depth. As already noted, the value of 
Vso should correspond to the average value of a0 In the region of the 
sot I that fs affected by the forces acting on the foundation. 

For c I ean sands and grave I s hav I ng e < 0. 80, the I ow.;..amp I f tude shear 
wave velocity can be calculated approximately from the formula: 

(C6A-25) 

In which c1 equals_78.2 when a fs In lb/ft 2 and v50 Is In ft/sec; c1 
equa Is 160.: 4 when a f s f n kg/cm2 and Vso Is In m/sec; and c 1 equa Is 
51.0 when a Is fn kN/m2 and v50 Is ln 'm/sec. 

For angular-grained coheslonless soils (e > 0.6), the followlng emptrt
cal equation may be used: 

(C6A-26) 

In which c2 equals 53.2 when a Is In lb/ft 2 and v50 Is In ft/sec; c2 
equals 109:7 when a·ts In kg/cm2 and Vso ts In 11/sec; and c2 equals 
34.9 when a Is In kN/m2 and v90 Is In m/sec. 

Equation C6A-26 also may be used to obtain a 
Vso for normally consolidated cohesive sotls. 
shear modulus, G0 , for such soils may also be 
tlonshfp: 

G0 = 1,000 Su, 

first-order estimate of 
A crude estimate of the 
obtained from the rela-

(C6A-27) 

In which Su ts the shearing strength of the soil as developed In an 
unconfined c0ft1)resston test. The coefficient 1,000 represents a typl-
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cal value, which varied from 250 to about 2,500 for tests on different 
soils (Hara et al., 1974; Hardin and Drnevlch, 1972). 

These e111>lrlcal relations may be used to obtain preliminary, order-of
magnitude estimates. for more accurate evaluations, fleld and/or lab
oratory determinations may be required. 

field evaluations of the variations of Vso throughout the construction 
site can be carried out by standard seismic refraction methods or by 
the cross-hole method. The cross-hole method (Bal lard and McLean, 
1975; Stokoe and Woods, 1972). prov I des I nformat ton from und t sturbed 
soils below the proposed locatlon of a particular building foundation. 
The method perm Its eva 1 uat I on of v so I n 1 aye red_ so 11 s and I s not a f
f ected by the presence of water In the so 11 • The I ow-amp 11 tude pro
cedure Is relatlvely Inexpensive and easy to use. The disadvantage of 
this method ts that Vso Is determined only for the stress conditions 
ex I st f ng at the t I me of the test ( usua 11 y a90 ) • The ef feet of the 
changes fn the stress conditions caused by construction must be con
sidered by use of Eq. C6A-23 and Eq. C6A-25 or C6A-26 to adjust the 
field measurement of Vso to correspond to the prototype situations. 
The Influence of 1arge-8111)11tude shearing strains may be evaluated from 
laboratory tests or approximated through the use of Table 6A-l. This 
matter Is considered further In the next two sections. 

laboratory tests to evaluate v50 are usually carried out with resonant 
co 1 umn dev Ices (RI chart et a 1 • , n. d. ) • · Such tests may be used to 
assess the effects of changes In confining pressures, shearing strain 
aq:,lftudes, stress histories, temperature, and other variables. Conse
quently, they can easily simulate variations in prototype loading 
conditions. They are particularly useful In establishing the effects 
of changes In confining pressures. In fact, Eq. C6A-25 and C6A-26 were 
developed from the results of such tests. 

An Increase In the shearing strain ~1 ltude ts associated with a 
reduction In the secant shear modulus, G, and the corresponding value 
of vs • Extens Ive 1 aboratory tests (see, for ex~ •• e, Anderson and 
Richart, 1976; Hardin and Drnevlch, 1972; Kurlbayashl et al., 1974) 
have established the magnitudes of the reductions In Vs for both sands 
and clays as the shearing strain a111>lltude Increases. 

The results of such tests form the basis for the Information presented 
In Table 6A-l. for each severity of anticipated ground-shaking, 
represented by the effective peak acceleration coefficients A8 and Av, 
a representative value of shearing strain a111>lltude was developed. A 
conservative value of Vs/Vso that Is appropriate to that strain 8111)11-
tude then was established. It should be ~sized that the values In 
Tab 1 e 6A-:-l are ff rst order approx I mat Ions. t1ore prec fse eva 1 uat Ions 
would require laboratory tests on undisturbed s~les from the site and 
studies of wave propagation for the site to determine the magnitude of 
the soll strains Induced. 
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It fs satisfactory to assume Poisson's ratio for sol ls as: v = 0.33 
for c I ean sands and grave I s, v = O. 40 for st I ff c I ays and cohes f ve 
soils, and v = 0.45 for soft clays. The use of an average value of v = 
0.4 also wfll be adequate for practical purposes. 

Regarding an alternative approach, note that Eq. 6A-5 for the period T 
of buildings supported on mat foundatfons was deduced from Eq. 6A-3 by 
making use of Eq. C6A-12 and C6A-13, with Poisson's ratio taken as v = 
0.4 and with the radius r Interpreted as ra In Eq. C6A-12 and as rm In 
Eq. C6A-13. For a nearly square foundation, for which ra ~rm~ r, Eq. 
6A-5 reduces to: 

(C6A-28) 

The value of the relative weight parameter, a, Is lfkely to be In the 
neighborhood of 0.15 for typfcal bufldfngs. 

6A.2.l.2 Effective Oanplng 

Equation 6A-9 for the overal I damping factor of the elastlcal ly sup
ported structure, 8, was determined from analyses of the harmonic 
response at resonance of simple systems of the type considered In 
Figures C6A-2 and C6A-3. The result fs an expression of the form {Bi
elak, 1975; Veletsos and Nair, 1975): 

~ ~ 3 B = B0 + 8/(T/T) , (C6A-29) 

fn which Bo represents the contribution of the foundation damping, con
sfdered In greater detall In the following paragraphs, and the second 
term represents the contribution of the structural damping. The latter 
damping ts assumed to be of the viscous type. Equation 6A-9 corres
pOhds to the value of 8 = 0.05 used in the development of the response 
spectra for rlgldly supported systems ~loyed in Chapter 4. 

The foundation damping factor, B0 , incorporates the effects of energy 
dlsslpatfon in the soil due to the following sources: the radiation of 
waves away from the f~ndatton, known as radiation or geometric damp
ing, and the hysteretfc or inelastfc action in the soil, also known as 
sot 1 material damping. This factor depends on the geometry of the 
foundation-soil contact area and on the propertfes of the structure and 
the underlying soil deposits. 

For mat foundations of cfrcular plan that are supported at the surface 
of reasonably uniform sot ls deposits, the three most Important para
meters which affect the value of 80 are: the ratio T/T of the funda
mental natural periods of the elastically supported and the fixed-base 
structures, the ratio h/r of the effective height of the structure to 
the radius of the foundation, and the ~Ing capacity of the sol I. 
The latter capacity Is measured by the dimensionless ratio AWs/Ws, in 
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whf ch AWs Is the area of the hysteresis loop fn the stress-strafn 
d f agram for a so f 1 spec f men undergo Ing harmon I c shear f ng def ormat I on 
and w, f s the strain energy stored In a I I nearly elastic mater I al 
subjected to the same maxtmum stress and strain (I.e., the area of the 
triangle In the stress-strafn dtagram between the orlgfn and the point 
of the maximum induced stress and strain). This ratio Is a function of 
the magnitude of the Imposed peak strain, Increasing with Increasing 
Intensity of excitation or level of strain. 

The variation of Bo with T/T and h/r Is given In figure 6A-l for two 
1 eve 1 s of exc I tat 1 on. The dashed 1 I nes , wh I ch are recomnended for 
values of the effective ground acceleration coefficient, Av, equal to 
or less than 0.10, correspond to a value of AWs/Ws ~ 0.3, whereas the 
so 1 Id 11 nes, wh I ch are recomnended for Av va 1 ues equa 1 to or greater 
than 0.20, correspond to a value of AW5 /W9 ~ 1. These curves are based 
on the results of extensive parametric studies (Veletsos, 1977; Velet
sos and Heek, 1974; Veletsos and Nair, 1975) and represent average 
values. For the ranges of parameters that are of Interest In practice, 
however, the dispersion of the results is small. 

For mat foundations of arbitrary shape, the quantity r In Figure 6A-l 
should be Interpreted as a characteristic length that Is related to the 
length of the foundation, Lo, In the direction in which the sgucture 
Is be Ing ana 1 yzed. For short, squatty structures for wh I ch h/L0 , 

0.5, the overal I damping of the structure-foundation system Is domi
nated by the trans 1 at Iona 1 act I on of the foundat I on, and It Is rea
sonab I e to Interpret r as ra, the radius of a dfsk that has the same 
area as that of the actua 1 foundat I on ( see Eq. 6A-7) • On the other 
hand, for structures with h/L0 l. I, thE! lnteractton effects are dom
inated by the rocking motion of the foundation, and It Is reasonable to 
define r as the radius rm of a dtsk whose static moment of fnertla 
about a horizontal centroldal axis ts the same as that of the actual 
f oundat f on norma 1 to the d I rect I on f n wh I ch the structure Is be Ing 
analyzed (see Eq. 6A-8). 

Subject to the qua I fffcatlons noted In the fol lowing section, the 
curves In Figure 6A-l also may be used for embedded mat foundations and 
for foundations lnvolvf ng spread footf ngs or pf Jes. In the latter 
cases, the quantftles Ao and I0 fn the expressions for the characterfs
t I c foundat f on I ength, r, shou 1 d be i nterpreted as the area and the 
moment of Inertia of the load-carrying foundation. 

In the evaluation of the overal 1 ~Ing of the structure-foundation 
system, no distinction has been made between surface-supparted founc:ta
t f ons and embedded f oundat Ions. SI nee the effect of embedment Is to 
Increase the damping capacity of the foundation (Bielak, 1975; Novak, 
1974; Novak and Beredugo, 1972) and since such an increase Is associ
ated w f th a reduct I on In the magn I tude of the forces f nduced I n the 
structure, the use of the reconmended prov f s Ions for embedded struc- · 
tures wfll err on the conservative sfde. 
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There Is one additional source of conservatism in the application of 
the reconmended provisions to buildings with ent>edded foundations. It 
results from the assumption that the free-field ground motion at the 
foundation level Is Independent of the depth of foundation embedment. 
Actual l y, there Is evidence to the ef feet that the sever I ty of the 
free-field excitation decreases with depth (Seed et al., 1977). This 
reduction Is Ignored both In the "Appendix to Chapter 6" and In the 
provisions for rigidly supported structures presented In Chapters 4 and 
5. 

Equations 6A-9 and C6A-29, In combination with the Information pre
sented in Figure 6A-l, may lead to damping factors for the structure-
sol 1 system, a, that are smaller than the structural damping factor, 
B. However, s I nee the representat Ive value of B · = O. 05 used In the 
development of the design provisions for rigidly supported structures 
is based on the results of tests on actual buildings, it reflects the 
damping of the full structure-soil system, not merely of the component 
contributed by the superstructure. Thus, the value of a determined 
from Eq. 6A-9 should never be taken less than 8, and a low bound of B = 
B = 0.05 has been iq::,osed. The use of values of B > 8 Is justified by 
the fact that the exper i menta 1 va 1 ues correspond to extreme 1 y sma 11 -
amplitude motions and do not reflect the effects of the higher sol 1 
damping capacities corresponding to the large sol 1 strain levels 
associated with the design ground motions. The effects of the higher 
soil damping capacities are appropriately reflected In the values of 80 
presented in Figure 6A-l. 

There are, however, some exceptions. For foundations Involving a soft 
sol 1 stratum of reasonably uniform properties underlain by a much 
stiffer, rock-like material with an abrupt Increase In stiffness, the 
radiation damping effects are practically negligible when the natural 
period of vibration of the stratum In shear, 

(C6A-30) 

Is smaller than the natural period of the flexibly supported structure, 
f. The quantity Os In this formula represents the depth of the stra
tum. It fo 11 ows that the va 1 ues of 80 presented In FI gure 6A- l are 
applicable only when: 

Ts/T = 4Ds/v5T ~ l. (C6A-31) 

For 

- -Ts/T = 4Ds/v5T < 1, (C6A-32) 

the effective value of the foundation damping factor, 80, Is less than 
80 , and it Is approximated by the second degree parabola defined by Eq. 
6A-10. 
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For Ts/T = 1~ Eq. 6A-10 leads to Bo= Bo whereas for Ts/T = o, ft leads 
to B0 = O, a va I ue that c I ear 1 y does not provide for the effects of 
material soil dal11)1ng. It may be expected, therefore, that the com
puted values of Bo corresponding to small values of T9/T will be con
servative. The conservatism Involved, however, is partly compensated 
by the requirement that B be no less than i = B = 0.05. 

6A.2.2-6A.2.3 Vertical Distribution of Sel•lc Forces and Other Ef-
fects 

The vertical distributions of the equivalent lateral forces for flexi
bly and rigidly supported structures are generally different. However, 
the differences are Inconsequential for practical purposes, and ft Is 
recommended that the same distribution be used In both cases, changing 
only the magnitude of the forces to correspond to the appropriate base 
shear. A greater degree of refinement In this step would be inconsis
tent with the approximations embodied In the provisions for rigidly 
supported structures. 

With the vertical distribution of the lateral forces established, the 
overturning moments and the torsional effects about a vertical axis are 
computed as for rigidly supported structures. 

Equation 6A-ll for the lateral floor displacements relative to the base 
Is s Im i 1 ar to that spec I ff ed for r f g id 1 y supported structures except 
that ft Includes the contrfbutfon of the foundation rotation 80 • This 
rotation Is defined by the equation: 

80 = H0 /Ke = CV/V) CM0 /Ke>, (C6A-33) 

In which i10 Is the overturning moment at the base of the fixed-base 
structure computed from the modified or reduced sefsmfc forces and H0 
is the corresponding moment c0111)uted from the unmodified forces. The 
latter moment should not Include the reduction permitted fn the design 
of the foundation. The quantity 4x In Eq. 6A-ll represents the deflec
tion at level hx c0111)uted in accordance with the provisions of Chapter 
4 us Ing the unmod I ff ed se tsm.1 c forces. 

Story drifts and P-delta effects should be evaluated as for structures 
without Interaction using the displacements that Include the contribu
tion of the foundation rotation. 

6A.3 ttOOAL ANALYSIS PROCEDUA£ 

Studies of the dynamic response of elastically supported multf-degree
of-freedom systems (Bielak, 1976; Chopra and Gutierrez, 1974; Veletsos, 
1977) reveal that, within the ranges of parameters that are of Interest 
f n the design of but I ding structures subjected to earthquakes, sot 1-
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structure lnte~actlon affects substantially only the response component 
contr f buted by the fundamenta 1 mode of v f brat I on of the superstruc
ture. In thfs section, the fnteractfon effects are considered only fn 
eva 1 uat f ng the contr I but I on of the fundamenta 1 structura 1 mode. The 
contributions of the higher modes are computed as ff the structure were 
f I xed at the base, and the max I mum va I ue of a response quant I ty Is 
determined, as for rigidly supported structures, by taking the square 
root of the sum of the squares of the maxfnun modal contributions. 

The interaction effects associated with the response In the fundamental 
structural mode are determined fn a manner analogous to that used In 
the analysts of the equivalent lateral force method, except that the 
effective weight and effective height of the structure are computed so 
as to correspond exactly to those of the fundamental natural mode of 
the fixed-base structure. Hore specifically, W is computed from: 

(C6A-34) 

which is the same as Eq. 5-2, and h Is computed from Eq. 6A-13. The 
quantity • 11 in these formulas represents the displacement amplitude of 
the 1th floor level when the structure is vibrating In Its fixed-base 
fundamental natura I mode. The structura I st f ffness, k, h obta f ned 
from Eq. 6A-4 by taking W = W1 and using for T the fundamental natural 
period of the fixed-base str~cture, T1. The fundamental natural period 
of the Interacting system, T1, Is then computed from Eq. 6A-3 (or Eq. 
6A-5 when applicable) by taking T = T1• The effective damping fn the 
first mode, a, is determined from Eq. 6A-9 (and Eq. 6A-IO when appllca
b le) In combi nat I on wl th the f nformat I on gl ven In Ff gure 6A-I. The 
quantity h In the latter figure is computed from Eq. 6A-13. 

WI th the va 1 ues of l 1 and BI estab 1 I shed, the reduction In the base 
shear for the_flrst mode, ~V1, Is computed from Eq. 6A-2. The quantl
t-tes Cs and Cs in this formula should be interpreted as the sef smfc 
coefflcf ents · corresponding to the periods T1 and T1, respectively; ii 
should be taken equal to 81; and W should be determined from Eq. 
C6A-34. 

The sections on lateral forces, shears, overturning moments, and 
displacements follow directly from what has already been noted In this 
and the preced Ing sect Ions and need no e 1 aborat I on. It may on 1 y be 
pointed out that the ffrst term within the brackets on the right side 
of Eq. 6A-14 represents the contribution of the foundation rotation. 

6A.3.3 Desi~ Values 

The des I gn va I ues of the mod I fled shears, moments, deflect Ions, and 
story drifts should 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 
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moment at the foundation-soil Interface determined In this manner may 
be reduced by 10 ~ercent as for structures without Interaction. 

The effects of tors I on about a vert f ca 1 ax Is shou 1 d be eva 1 uated In 
accordance with the prov I s Ions of Sec. 4. 4 and the P-de 1 ta effects 
shou 1 d be eva I uated f n accordance w f th the prov I s Ions of Sec. 4. 6. 2, 
using the story shears and drifts determined In Sec. 6A.3.2. 

OTHER NE1ltOOS OF aleSIOERING THE EFFECTS OF SOIL-STRUCTIH INTERACTION 

The procedures proposed In the precedfng sectfons for lncorporatfng the 
effects of sof I-structure interaction provide ~ufffclent flexlbl 1 fty 
and accuracy for practical applfcatfons. Only for unusual structures 
of major I 111)0rtance, and on 1 y when the prov Is Ions Ind I cate that the 
Interact ton effects are of deft nfte consequence In design, would the 
use of more elaborate procedures be Justfffed. 

Some of the poss f b 1 e ref f nements, 1 f sted f n order of more or 1 ess 
Increasing c~lexfty, are: 

t. Improve the estimates of the static stiffnesses of the founda
tion, Ky and K9, and of the foundation damping factor, B0 , by 
cons Ider Ing In a more precl se manner the foundat f on type 
Involved, the effects of foundation embedment, variatfons of 
soil properties with depth, and hysteretlc action fn the 
soil. Solutions may be obtafned In some cases with analytical 
or semi-analytical formulations and In others by application 
of ffnlte difference or finite element techniques (Blaney et 
al., 1974; Luco, 1974; Novak, 1974; Veletsos and Verb1c, 
1973). It should be noted, however, that these solutions In
volve approximations of their own that may offset, at least In 
part, the apparent Increase In accuracy. 

2. Improve the estimates of the average properties of the founda
tion sol ls for the stipulated desfgn ground motion. This 
wou 1 d requ f re both 1 aboratory tests on und I sturbed s~ 1 es 
f ram the s I te and stud I es of wave propagat I on for the sf te. 
The laboratory tests are needed to establish the actual vari
ations wfth shearing strain aq>lftude of the shear modulus and 
~Ing capac I ty of the so I 1 , whereas the wave propagat I on 
studies are needed to establish reallstlc values for the pre
dominant soil strains Induced by the design ground motion. 

3. Incorporate the effects of Interaction for the higher modes of 
vibration of the structure, either approximately by applica
tion of the procedures reconmended In Bielak (1976), Roesset 
et al. (1973), and Tsai (1974) or by more precise analyses of 
the structure-soil system. The latter analyses may be Imple
mented either in the tfme domain by application of the Impulse 
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resPonse funct Ions presented In Ve I et sos and Verb I c ( 197 4) • 
However, the frequency domain analysis Is limited to systems 
that resPond within the elastlc range while the approach In
volving the use of the lq,ulse resPonse functions Is limited, 
at present, to sol 1 dePoslts that can adequately be repre
sented as a uniform elastic halfspace. The effects of yield
Ing In the structure and/or suppartlng medllM'II can be consider
ed on I y approx I mate 1 y In th I s approach by represent Ing the 
supPort Ing med I um by a ser I es of spr I ngs and dasliPots whose 
properties are Independent of the frequency of the motion and 
by Integrating numerically the governing equations of motion 
(Parmelee et al., 1969). 

4. Ana 1 yze the structure-so 11 system by fl n I te e 1 ement method 
(Seed et al., 1974 and 1977; Valsh and Chopra, 1974), taking 
due account of the nonlinear effects In both the structure and 
the suppartlng medium. 

It should be erq:>hastzed that, while these more elaborate procedures may 
be appropriate In special cases for design verification, they Involve 
the I r own approx I ffl8t Ions and do not e 1 Im I nate the uncerta I nt I es that 
are Inherent In the model Ing of the structure-foundation-sol 1 system 
and In the speclflcatfon · of the design ground motion and of the proper
ties of the structure and soil. 
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7.1 

Chapter 7 Caaentary 

FOlN>ATION DESIGN REQUIRENENTS 

GENERAL 

The minimum foundation design requirements that might be suitable when 
any consideration must be given to earthquake resistance are set forth I 
In Chapter 7. It Is difficult to separate foundation requirements for 
minimal earthquake rest stance from the requirements for resisting 
normal vertical loads. In order to have a minimum base from which to 
start, this chapter assumes c~lfance with all basic requirements 
necessary to provide support for vertical loads and lateral loads other 
than earthquake. These basic requirements Include, but are not limited 
to, prov Is Ions for the extent of invest I gat I on needed to es tab 1 I sh 
er f ter I a for ff 11 s , s 1 ope stab f 1 f ty, expans f ve so f 1 s , a 11 owab 1 e soi 1 
pressures, footings for specialized construction, drainage, settlement 
control, and pile requirements and capacities. Certain detail require-
ments and the a11owab1e stresses to be used are provided in other 
chapters of the Prov1s1ons as are the additional requirements to be 
used In more seismically active locations. 

7.2 S1RENG1lt OF CONPONENTS ANO FOUNDATIONS 

The resisting capacities of the foundations must meet the provisions of 
Chapter 7. 

7.2.1 Structural Naterlals 

The strength of foundation components subjected to seismic forces alone 
or In combination with other prescribed loads and their detailing re
quirements must be as determined In Chapters 9, 10, 11, or 12. 

7.2.2 Sol I tapacltles 

This sect ton requires that the but ldlng foundation without set smlc 
.forces app1 led must be adequate to support the bul ldlng gravity load~ 
When seismic effects are considered, the sol I capacities can be ln-

155 



Sec. 7.2.2/Sec. 7. 4.l 

creased considering the short time of loading and the dynamic proper
ties of the soil. 

7.3 SEISttlC PERfORttAHCE CATEOORIES A AND 8 

There are no special seismic provisions for the design of foundations 
for buildings assigned to Categories A and B. 

7.4 SE I Sit IC PERfORMNCE CATEGORY C 

Extra precaut f ons are requ f red for the seismic d~s I gn of foundat f ons 
for buildings assigned to Category C. 

7.4.1 Investigation 

The Regulatory Agency may require a formal foundation Investigation and 
a wr f tten report. Potent i a 1 site hazards such as s 1 ope f nstab i 1 f ty, 
I fquefaction, and surface rupture due to faulting or lurching as a 
result of earthquake motions should be investigated when the Regulatory 
Agency feels the size and importance of the project so warrants or when 
there may be reason to suspect such potent i a 1 hazards. A sunwnary of 
the various types of ground fat lure that may occur during an earth
quake, f nc 1 ud i ng a genera 1 discuss I on of ana 1 ys i s techniques i s pre
sented by the Earthquake Engineering Research Institute (1986). 

One potentially serious form of ground failure is liquefaction. lique
faction can substantially reduce the shear strength of some types of 
soils, particularly loose, saturated sands. As a result of lfquefac
tfon, foundation soil bearing capacity and frictional capacity between 
tt'le sofl and the foundation can be reduced. A dramatic ex~le of the 
effects of 1 fquefactfon on foundation soi 1 capacity was the severe 
sett l ement and t f 1 t f ng of bu f 1 d I ngs that occurred dur f ng the 1964 
earthquake fn Nlfgata, Japan. Bu11dfngs supported on both spread foot
ings and piles were affected. other effects of liquefaction that have 
been observed during _ earthquakes Include lateral spreads and flow 
s l ides, fl oat i ng of l i ghtwe i ght ent>edded structures, and Increased 
lateral pressures on retaining walls. 

It is recommended that the sof I engl neer assess the potential for 
1 i quef action dur Ing the geotechn f ca 1 f nvest f gat ion for the bu f 1 d f ng 
project. When a significant liquefaction hazard is found, ft should be 
considered in arriving at an appropriate foundation solution, develop
ing foundation design parameters, and evaluating performance. 

Recent publications describing the lfquefactfon hazard and methods for 
eva l uat Ing it inc 1 ude those by Seed and I dr fss (1982) , Seed et a I • 
( 1983) , Nat Iona 1 Research Counc f 1 ( 1985) , Koester and Frank 11 n ( 1985) , 
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and Earthquake Engfneering Research lnstftute (1986). Addltfonal 
helpful references on this topfc are cited at the end of this "Chapter 
7 Conmentary." 

A wfdely accepted and economfcal method for evaluating 1 fquefactlon 
potentfal Is the procedure developed by Seed and his co-workers (Seed 
et a 1 • , 1983) that re 1 ates 1 I quefact I on potent i a 1 to the standard 
penetration resistance (SPT) blow count obtained In soil borings. This 
procedure Is based on the actual performance of soil deposits during 
earthquakes and ft makes use of the type of data that are usua 11 y 
obtained during the course of a foundation Investigation for a build
Ing. An a 1 ternat Ive approach I s to perform und I sturbed sa~ 1 Ing and 
cycl I c test Ing of 1 fquefactfon-susceptlble soi ls (Seed and Idriss, 
1982). Although this approach Is appropriate In some situations, the 
former approach using SPT blow count generally Is preferred because of 
the d ff f I cu 1 t I es and expense i nvo 1 ved In undisturbed Saff1) 11 ng and 
cyclic testing of soils. 

7.4.2 Pole-Type Structures 

The use of pole-type structures Is permitted. 

7.4.3 F c:uidat ton Tl es 

One of the prerequisites of adequate performance of a building during 
an earthquake Is the provision.of a foundation that acts as a unit and 
does not permit one colUIM or wall to move appreciably with respect to 
another. A conmon method used to attain this Is to provide ties be
tween footings and pl le caps. This Is especially necessary where· the 
surface soils are soft enough to require the use of pfles or caissons. 
Therefore, the pl le caps or caissons are tied together with nominal 
ties capable of carrying, In tension or compression, a force equal to 
Av/4 times the larger pile cap or column load. 

A conmon practice In some multistory buildings Is to have major colums 
that run the full height of the building adjacent to 9ffl811er colunns In 
the basement that support ·on 1 y the ff rst f 1 oor s 1 ab. The coef f I c I ent 
applies to the heaviest column load. 

Alternate methods of tying foundations together are permitted (e.g., 
using a properly reinforced floor slab that can take both tension and 
c~resslon). Lateral soil pressure on pile caps Is not a reconmended 
method because the motion Is Imparted from soil to structure (not In
versely as Is conmonly assumed), and ff the soil Is soft enough to re
quire piles, little reliance can be placed on soft-sol I passive pres
sure to restrain relative displacement under dynamic conditions. 
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If piles are to support structures In the air or over water (e.g., In a 
wharf or pier), batter piles may be required to provide stability or 
the pl les may be required to provide bending capacity for lateral 
stability. It ts up to the foundation engineer to determine the fluid
ity or viscosity of the sol I and the point where lateral buck I Ing 
support to the pile can be -provided (I.e., the point where the flow of 
the soil around the piles may be negligible). 

7.4.4 Special Pile Requirements 

Special requirements for concrete or composite concrete and steel piles 
are given In this section. The pl les must be connected to the pl le 
caps with dowels. 

Although unreinforced concrete piles are conmonly used In certain areas 
of the country, their brittle nature when trying to conform to ground 
deformations makes their use In earthquake-resistant design undeslra
b l e • Nom I na 1 1 ong t tud Ina 1 re I nf ore Ing ts spec If I ed to reduce th I s 
hazard. The reinforcing steel should be extended Into the footing to 
t ,le the elements together and to assist In load transfer at the tcp of 
pile to the pile cap. Experience has shown that concrete piles tend to 
h Inge or shatter I nmedt ate 1 y be 1 ow the ptl e cap so t I e spac Ing ts 
reduced In this area to better contain the concrete. In the case of 
the metal-cased pl le, ft Is assumed that the metal casing provides 
containment and also a nominal amount of longitudinal reinforcement In 
the lower portion of the pile. 

Bending stresses· In pl les caused by transfer of seismic motions from 
ground to structure need not be considered unless the foundation en
gineer determines that It ts necessary. It has been a convenient 
analytical ass~tlon to assume that earthquake forces originate In the 
building and are transmftt-,ct Into and resisted by the ground. Actually 
the force or motion COINS from the ground--not the structure. This 
makes the necess I ty of Interconnect Ing foot I ngs more Important, but 
what ts desired ts stabtltty--not the Introduction of forces. 

Possibly the simplest Illustration Is shown In Figure C7-I. Consider a 
small structure subjected to an external force such as winds the piles 
must res I st that force In lateral pressure on the I ee s I de of the 
piles. However, If the structure Is forced to move during an earth
quake, the wave motion Is transmitted through the firmer soils, causing 
the 1 ooser so f 1 s at the surf ace and the bu I l d f ng to move. For most 
structures, the structure we I ght Is neg 1 I g I b 1 e In compar I son to the 
weight of the surroundf .ng surface sol ls. If an unloaded pf le were 
placed In the sol 1, ft would be forced to bend sfmt lar to a pl le 
supporting a butldtng. 
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The primary requirement ts stabl l lty. and thts Is best provided by 
piles that can support their . loads while still conforming to the ground 
motions and. hence. the need for ductility. 

7.5 SE I SIUC PERFORMANCE CAlEOORI ES D AND E 

for Category D or E construction. al 1 the preceding provisions for 
Categories A. B. and C apply for the foundations. but the' earthquake 
deta I 1 Ing I s more severe and demand Ing. Adequate p 11 e duct 11 I ty Is 
requl red and provision must be made for additional reinforcing to 
ensure. as a minimum. full ductility In the upper portion of the pile. 

7 .5.1 Investigation 

While the normal pressures on basement walls and retaining walls under 
normal or static conditions may be assumed to be predlctable. the data 
for 1 oads on wa 11 s dur f ng earthquakes are meager. Ana 1 yses based on 
the normal assumptions Indicate rather high pressures. but general 
experience In earthquakes Indicates that failures have not usually 
res u 1 t ed • There Is ev I dence. however , that under some cond it f ons • 
especlal ly In softer sol ls. these high pressures may occur. Con
sequently, after considering the size and l~rtance of the project and 
the particular soll conditions. It Is left for the foundation engineer 
to determine the design lateral pressure under dynamic conditions. 

7.5.2 f<Uldatton Ties 

The add It Iona 1 requ I rement Is made that spread foot I ngs shou 1 d be 
Interconnected by ties. The reasoning explained above under Sec. 7.4.3 
also applies here. 

7.5.3 Spectal Pile ~lr--1:s 

Addltlonal pile relnf.orclng over that specified for Category C build
ings Is required. The reasoning explained above under Sec. 7.4.4 also 
applies here. 

Also, special cons~deratlon Is required In the design of concrete piles 
subject to significant bending during earthquake shaking. Bending can 
become crucial to pl le design where portions of the foundation pf Jes 
may be supported In soils such as loose granular materials and/or soft 
so f 1 s that are suscept I b 1 e to 1 arge deformat Ions and/or strength 
degradation. Severe pl le bending problems may result from various 
combf nations of sol I conditions during strong ground shaking. For 
example: 
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• Soll settlement at the pile-cap Interface either from consoll
dat I on of soft so I 1 pr I or to the earthquake or from so I 1 
compactf on durf ng the earthquake can create a free-standing 
short column adjacent to the pile cap. 

• Large deformations and/or reduction in strength resulting from 
1 I quef act I on of 1 oose granu 1 ar mater I a 1 s can cause bend Ing 
and/or conditions of free-standing columns. 

• Large deformations In soft soils can cause varying degrees of 
pf le bending. The degree of pl le bending wl 11 depend upon 
thf ckness and strength of the soft sol l layer(s) and/or the 
properties of the soft/stiff soil lnterface(s). 

Such conditions can produce shears and/or curvatures fn piles that may 
exceed the bending capacity of conventionally designed piles and result 
In severe damage. 

It Is prudent to design piles to remain functional during and following 
earthquakes In view of the fact that It Is difficult to repair founda
tion damage. The desired foundation performance can be accomplished by 
proper selection and detal 1 Ing of the pl le foundation system. Such 
design should acconmodate bending from both reaction to the building's 
i nert I a 1 loads and those Induced by the mot Ions of the so 11 s them
se 1 ves. Examples of designs of concrete piles Include: 

• Use of a heavy spiral reinforcement and 

• Use of exter for stee 1 1 I ners to conf I ne the concrete in the 
zones with large curvatures or shear stresses. 

These provide proper confinement to ensure adequate ductility and main
tenance of functionality of the confined core of the pile during and 
after the earthquake. 
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Chapter 8 Cc entary 

ARCHITECTURAL. ttECHANICAL. Ml> ELECTRICAL COIFONENTS 

BAO<GROlN) TO ARCHITECTURAL OONSIDERATIONS 

W f th respect to arch I tectura 1 systems, the prfmary Intent was to 
fnvestlgate and develop selsmfc design standards for the performance of 
these buf ldfng systems and thefr c~nents of a bul ldfng as they 
affect life safety. This "Chapter 8 Conmentary" dfscusses the general 
attftudes and concepts adopted fn approachfng the subject. Of secon
dary but stf 11 crftfcal iq,ortance was the examfnatfon of the damage 
contro 1 aspects of those er ft f ca 1 fac f 1 ft f es most necessary for the 
survival and recovery of the general pub If c fnmedfately fol lowf ng a 
major earthquake. 

A methodology was devised to relate the following three basic Items: 

• Architectural C~nents--An orderly classlffcatfon was estab-
1 f shed for arch f tectura 1 c~nents and systems that encom
passes broad genera 1 areas but f s def f n It f ve enough to g f ve 
guidance for sfmf lar condftfons not specfffcal ly spel l_ed out 
or covered. 

• Occupancy Classfffcatfon--Current bulldfng code occupancy 
classifications are based primarily on ffre safety and as such 
do not necessarily or appraprlately relate to sefsmfc needs. 
Accordf ngly, provlsfons were developed to relate occupancy 
classfflcatlon to the respectfve hazards of their seismic ex
posure. See Sec • l • 4. 2 of the "Chapter l Conlnentary" for a 
detailed explanation. 

• Performance Standards--lt was deemed desirable to develop per
formance standards and not to re 1 y on mathemat I ca 1 coef
f I c I ents as has been the norm In standards of thfs type. For 
example, the desfgn of a suspended ce11fng In a hospftal 
should have a hfgher level of performance capabllfty than the 
same system fn a warehouse In order to provide for life safety 
and mafntenance of operability. On the other hand, forcer
tain systems or c~nents such as e~terlor wall panels, the 
concern for 1 f fe safety requires slmf lar performance of the 
system regardless of the occupancy i nvo 1 ved. However, th f s 
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objective could not be fulfflled and the end result ts slmflar 
to the traditional approach using numerical factors. 

The objective was to study the effects of sefsmlcal Jy Induced forces 
and deformatfons on the nonstructural (specfffcal ly, archftectural) 
components In all types of building uses. Appre>prlate guidelines and 
design provisfons for architectural systems and COfl1J()nents were to be 
developed from a life safety standpoint. Each architectural c0fl1J()nent 
was to be examined as a f unct I on of expected performance, bu I 1 d Ing 
occupancy and function, and Its placement or locatfon as a c0fl1J()nent of 
the but ldlng system. Final Jy, consideration was to be given to the 
architectural plannfng and design process as a means of improving the 
man-built envirorvnent from a life safety standpoint . relative to seismic 
hazards. 

The but !ding designer has a responsibl I tty to consider the relative 
levels of damage experienced by a buildfng during an earthquake. These 
levels are a direct functfon of: 

• The arch I tectura I concept as expressed by the des I gn of the 
bul ldlng, 

• The resfstance of the materials of constructfon, and 

• The fntenslty of the ground motfon. 

The fnltfal overall archftectural concept has a direct bearing on the 
sefsmlc resistance of a building and a consfderable effect on the 
potential mltlgatfon of hazards resulting from seismic forces. For the 
architect, certafn principles and responslbllftfes hold Just as true fn 
desfgnlng systems and components for earthquake-resistant buildings as 
In the creation of any functfonal object. The designer, In addition to 
conceiving a rational design concept of the total bulldfng for sefsmfc 
load Ing, must artf cu late al 1 COfl1J()nents f nto a logical system I nte
grated as a unit rather than as a series of unconnected parts. 

Architectural systems may be affected directly by the seismic forces or 
Ind I rect 1 y by Interact I on w I th the structura 1 fram Ing system or other 
architectural or mechanical and electrical systems. Fabrication meth
ods used to connect the component parts to the structure or to each I other are therefore as. crftfcal as the prelfmfnary desfgn. Attachment 
detafls therefore requfre specfflc attentfon sfnce a dfslodged roofing 
tile unft falling from a building could be as lethal to an Individual 
as the failure of a primary girder. The life safety aspect of falling 
bufldlng debrfs associated with earthquake dam9ge fs related to a 
serfes of variables that include: 

• The re 1 at f onsh i p of the 1 ocat I on of the earthquake w I th re
spect to densely pe>pulated urban centers, 

166 



Architectural Cons1derat1ons/ftechan1cal and Electrical Cons1derat1ona 

• The-tfme of day (nlJlt>er of people In the area), and 

• The design and construction characteristics of the bul ldtng 
occupied by or lnmedtately adjacent to people. 

Depend Ing on the t I me of day and the amount of act I v f ty w I thout and 
within the but ldlng, fall Ing debris from the bul ldlng may cause as 
great a number of casualties to pedestrians or motorists as to building 
occupants. It was w I th such potent I a 1 exterior hazards In m Ind that 
the City of Los Angeles enacted a "parapet ordinance" In 1949 that re
quires the strengthening or removal of hazardous parapets and appen
dages to buildings. The potential hazard was demonstrated during the 
1971 San Fernando earthquake when the only f ata 1 I ty f n downtown Los 
Angel es, approximately 20 ml les from San Fernando, occurred when a 
pedestr I an was struck by debr I s from a co 11 aps f ng parapet of an un
strengthened old building. 

BAO<GROlN> TO NECHANICAL AND ELECTRICAL CONSIDERATIONS 

With respect to mechanical and electrical systems, the objective was to 
develop se Ism f c er f ter fa for the des I gn and construct f on of these 
bu I l d Ing systems and equ f pment and the Ir attachments to the bu 11 d Ing 
structure so as to Increase the protection of life and public welfare. 
A secondary objective was to define an acceptable level of damage. In 
so doing, consideration was given to the occupancy and function of the 
but ldf ng. 

Traditionally, mechanical and electrical systems for but ldlngs have 
been designed with little, if any, regard to stability when subjected 
to seismic forces. Exceptions are to be found In nuclear power plant 
design and other special-purpose and high-risk structures. Equipment 
supports have been genera.1 ly des I gned for gravity loads only, and 
attachments to the structure Itself were often deliberately designed to 
be flexible to allow for vibration Isolation or thermal expansion. , 

Few building codes, even In regions with a history of seismic activity, 
have con tat ned prov Is Ions govern Ing the behav I or of mechan I ca 1 and 
electrl cal systems. Orie of the ear ·1 test references to seismic bracing 
can be found In NFPA P8111)hlet 13, Sprinkler Systems. This pamphlet has 
been updated periodically since 1876, and seismic bracing requirements 
have been Inc 1 uded s I nee about 1940. Unt I 1 recently, few data were 
aval lable regarding damage to mechanical and electrical equipment. 
Reports on the 1964 Alaskan earthquake and the 1971 San Fernando 
earthquake, however, document damage to mechanical and electrical 
systems and highlight the problem (Ayres et al., 1964 and 1972; Sharpe 
et al., 1972). These reports lndl cate that some but ldlngs with only 
minor structural damage became uninhabitable due to failures of mechan
ical and electrical systems. 
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As a result of the San Fernando earthquake, legislation establ lshlng 
seismic criteria for health care facf 1 ltles was passed In Cal ffornla 
(SB 519, 1972). This bill, which was In essence an extension of the 
Field Act (California State Educat1on Code) to health care facilities, 
Included for the first time seismic requirements for mechanical and 
electrical equipment and systems. The resulting regulations (Cal1for
n1a Administrative Code) apply to al 1 health care fact 1 itles con
structed in the state after April 1, 1974. The Intent of the law Is 
that those f ac I 1 It I es that "must be reasonab 1 y capab 1 e of prov Id Ing 
services to the publ le after a disaster" should be "designed and 
constructed to ' res f st, insofar as pr act f ca 1 , the forces generated by 
earthquake, gravity, and winds." The regulations require that mechani
cal and electrical systems be anchored so as to remain In place and be 
designed to remain operable after an earthquake. Another example of a 
code that was changed to include requirements for mechanical and elec
trical equipment is the April 1973 edition of the U.S. Department of 
Defense Tri-Service Seismic Design Hanua 1 ( 1973) • Th f s document was 
used in the development of the amplification factor used tn the provi
sions of Chapter 8. 

In assessing the level of "acceptable damage," secondary effects were 
considered to a 1 Im I ted extent. FI res and exp 1 os ions resu 1 ting from 
damaged mechanical and electrical equipment represent secondary effects 
of earthquakes; these were not considered, however, except as covered 
under Sec. 8. 3. 5. Further, the · potent I a 1 danger of secondary damage 
from falling architectural and structural components (which could in
flict major damage to adjacent equipment and render ft unusable) should 
be carefully assessed by building designers. 

These secondary effects can represent a considerable hazard to the 
building, Its occupants, and Its contents. Steam and hot water boilers 
and other pressure vesse 1 s can re 1 ease flu Ids at hazardous tempera
tures. Hot water bo I 1 ers operat Ing above 212 °F pose a part I cu 1 ar 
hazard since the sudden decrease In pressure caused by a rupture of the 
vessel can result In Instantaneous conversion of superheated hot water 
to steam with explosive disintegration of the remainder of the vessel. 
Mechanical systems often Include piping systems filled with flanmable, 
tox I c, or nox I ous subs:tances such as anrnon i a or other ref r I gerants. 
Some of the nontox I c ha 1 ogen ref r I gerants used In air cond ft I on i ng 
apparatus can be converted to a poisonous gas (phosgene) upon contact 
with open flame. The hot parts of disintegrating boilers (e.g., 
portions of the burner, firebrick) are at high enough t~eratures to 
Ignite cont>ustlble materials with which they might come In contact. 

It was concluded that, while secondary effects should eventually be 
Included fn building regulations, the provisions of Chapter 8 represent 
a sufficiently drastic departure from current design practices and the 
inclusion of secondary effects should be left for the future develop
ment of seismic code provisions. This basic philosophy underlies much 
of the assignment of performance levels to different occupancies. 
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DESI Qt a>NOITIONS 

Four aspects of seismic safety were considered as follows: 

• General life safety, 

• Property damage affecting life safety, 

• Functional l~lrment of crttlcal facl 1 ltles affecting post
d I saster recovery ( I oss of ut I 11 t I es, e 1 evators, 1 if e safety 
elements, etc.), and 

• Safety of emergency personnel such as fir~ and rescue teams. 

These four objectives are closely Interrelated because property damage 
resu 1 t f ng from the consequences of an earthquake can be a def Inf te 
cause of lffe loss. As In the case of fire, the relative hazards to 
1 lfe safety are also directly related to the occupancy load and the 
actual use of the bul I ding. The greater the occupancy load, the 
greater the potent I a I I I fe 1 oss dur Ing an earthquake. An unoccupied 
building does not present a hazard to life safety within the structure 
during an earthquake. 

Earthquake damage studf es have shown that the placement of nonstruc
tural elements on or fn a bulldfng ~an slgnfficantly modify the seismic 
response of the structure. Heretofore this aspect of building design 
has received llttle attention. For example, prior seismic design 
ph I I osophy I mp I I ed that I I tt I e structure 1 damage shou Id occur dur Ing 
moderate ground mot I on but some damage was expected to nonstructura I 
components of the bulldfng. Thus, one could Infer that as long as the 
poss I bl I tty of structural col lapse was minima), there was 1 fttle 
concern In design for earthquake-Induced forces acting upon architec
tural and other nonstructural c~nents. Recent earthquakes have 
demonstrated that the cost of damage to such c~nents can be exces
sive. 

Four sources of forces were considered with regard to the nonstructural 
components or systems:, 

• Se I sm f c-1 nduced forces act Ing d I rect 1 y on the c~nent or 
system, 

• Se I sm I c-1 nduced forces act Ing d I rect I y on the c~nent or 
system Joints or attachments, I 

• Seismic-Induced deformation of the structural frame generating 
forces acting directly on the c~nent or system, and 

• Seismic-Induced deformation of the structural frame generating 
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forces acting directly on the c~nent or system Joints or 
attachments. 

In deve 1 op Ing these prov Is f ons, ft was necessary to ana I yze a 11 non
st ructura 1 c~nents for consequences to I lfe safety and bul ldlng 
function. Initially, all architectural c~nents of a building were 
cons I de red and those determ I ned I nconsequent I a I to 11 f e safety were 
excluded. The remainder were assessed as to their Potential effect on 
people and expected performance. The architectural c~nents and sys
tems considered were: 

Building accessfbflfty (Including ground floor egress) 
Exterior nonstructural walls (Including parapets and large-scale 

veneers) 
Veneers (small-scale ceramic mosaics, Venetian tile, etc.) 
Canopies (except as means of egress) 
Roofing units (tlle, metal panels, slate, etc.) 
Containerized and mlscellaneous elements (planter boxes, etc.) 

Fire detection systems 
Fire suppression systems 
Life safety conmunfcatlons systems 
Smoke removal systems 

Stairs 
E 1 evators ( operat l·on on I y) 
Vertical shafts (fncludfng elevator shafts) 
Horizontal exits (only where otherwise required) 
Public corridors 
Private corridors 

Full-height area and separation partitions 
Full-height structural fireproofing 
Full-height other partitions (Including screens) 
Partfal-hefght partitions (Including screens) 

Ceilings, fire membrane 
Ceilings, nonffre membrane 

Equipment, cell Ing mounted 
Equipment, wall mounted 
Equipment, freestanding unstable 
Equipment, freestanding.stable 

Furniture, unstable 
Furniture, stable 

170 



l 
' Scope/Sec. 8.l - 8.l.l 

Art work, celllng mounted 
Art work, wall mounted 
Art work, freestanding unstable 
Art work, freestanding stable 

Thfs lfst Includes most of the architectural components of a buildfng 
that cou 1 d present a hazard to the pub I fc. Si ml 1 ar 1 fst f ngs were 
prepared for the mechanf cal and electrical components and systems. 
Inftlal consideration was given to 172 lndlvldual mechanical and elec
trical components fn 37 occupancy classifications fn an effort to 
arr f ve at conmon character f st i cs. Subsequent 1 y, these were conso I i -
dated, resu I t f ng f n 19 component groups f n the three se ism f c hazard 
exposure groups listed In Table 8-3. Although not all butldfngs 
contain al I the components 1 lsted, the 1 f st does represent a fairly 
c0111) 1 ete c~ f 1 at f on of components and systems, some or a 11 of wh 1 ch 
are usua11y present fn typical or atypical but ldtngs. Practical 
conslderatlons--most notably enforcement--resulted in the modification, 
con so 1 f dat ion, and reduct f on in the n~er and type of components 
subject to sefsmfc desfgn requirements as specified fn Tables 8-2 and 
8-3. It f s assumed that but ldfng designers wt 11 work as a team to 
provide for the required performance levels. 

8.1-8.l.l GENERAL REQUIRENENTS and INTERRELATIONSHIPS Of 
COtlPONENTS 

The general requirements establish mfnfmum desfgn levels for ,archftec
tura I , mechan f ca 1 , and e 1 ectr f ca 1 systems and components recognizing 
occupancy use, occupant load, need for operational continuity, and the 
t nterre 1 at f on of structura 1 and arch I tectura 1 , mechan I ca 1 , and e 1 ec
t r I ca 1 components w I th the fo 11 ow Ing except I on: Those systems or 
c0f11)0nents designated In Table 8-2 or 8-3 for L performance level that 
are In bulldlngs assigned to. Seismic Hazard Exposure Group I and are 
located In areas with the coefficient Av less than 0.15 or that are In 
buildings assigned to Seismic Hazard Exposure Group II and are located 
In areas with the coefficient Av less than 0.05 are not subject to the 
prov Is Ions of Chapter 8. • 

Seismic Hazard Exposure Groups are determined In Sec. 1.4 (Chapter 1). 
Multiple use requirements also are presented In that section. 

The se f sm f c force on any c0111)0nent sha 11 be app 1 f ed at the center of 
gravity of the component and shall be assumed to act In any horizontal 
direction. Vertical forces on architectural COl11)0nents are specfffed 
fn Sec. 8.2.2. For vertlcal forces on mechanlcal and electrlcal compo
nents, see Table 8-3, Footnote b. 

Although the COl11)0nents and systems Included In Tables 8-2 and 8-3 are 
I I sted separate 1 y, s t gn t ft cant I nterre 1 at 1 onsh I ps ex 1 st between them 
and shou Id not be over I ooked. For examp 1 e, exter I or, nonstructura I , 
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Sec. 8.1 - 8.l.l/Sec. 8.1.2 

spandrel walls may shatter and fall on the streets or walks below 
seriously halll)erlng accessibility and egress functions. Further, the 
rupture of one component could lead to the failure of another that Is 
dependent on the f I rst. Accord Ing 1 y, the co 11 apse of a s Ing 1 e com
ponent may ultimately lead to the failure of an entire system. Wide
spread collapse of suspended ceflfngs and light fixtures In a building 
may render an llll>Ortant space or major exit stairway unusable. 

Cons I de rat I on a 1 so was gl ven to the des lgn requl rements for these 
components to determine how well they are conceived for their Intended 
functions. Potential beneficial and/or detrimental Interactions with 
the structure were examined. The Interrelationship between cOlll)Onents 
or systems and their attachments were surveyed. At~entlon was given to 
the performance re 1 at Ive to each other of arch f tectura 1 , mechan f ca 1 , 
and electrical components; building products and finish materials; and 
systems within and without the building structure. It should be noted 
that the modification of one component In Table 8-2 or 8-3 could affect 
another and, In some cases, such a modfflcatlon could help reduce the 
risk associated with the Interrelated unit. For example, landscaping 
barriers around the exterior of certain buildings could decrease the 
rfsk due to falling debris although this should not be Interpreted to 
mean that all buildings must have such barriers. 

The des f gn of systems or COlll)Onents that are f n contact w f th or f n 
close proxfml ty to structural or other nonstructural systems or com
ponents must be gf ven special study to avoid damage or fat lure when 
sefsmlc motion occurs. If a celling supports a wall, the Intersection 
must be detal led to acconmodate dffferentlal movements between them. 
Another ex811l)le ts where an llll)Ortant element of a system, such as a 
motor-generator unit for a hospital, Is adjacent to a nonload-bearfng 
partition. The failure of the partftlon might Jeopardize the 
motor-generator unft and, therefore, the wall should be designed for a 
performance level sufficient to ensure Its stability. 

Where nonstructural wall systems may affect or stiffen the structural 
system because of their close proximity, care must be exercised fn se
lecting the wall materials and In designing the Intersection details to 
ensure the des I red perfo.rmance of each system. 

8.1.2 

It Is required that components be attached to the building structure 
and that all the required attachments be fully detailed In the design 
documents. These details should take Into account the force levels and 
anticipated deformations expected or designed Into the system. (See 
also Sec. 8.2.3.) 

If an architectural component or system were to fall during an earth
quake, the mode of failure would probably be related to: 
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• Faulty design of the c00¥J()nent, 

• Interrelationship with another component that fat ls, 

• Interaction wtth the structural framing system, 

• Deficiencies In its type of mounting, or 

• Inadequacy of Its attachments or anchorage. 

The last is perhaps the most critical when considering seismic safety. 

Building c00¥J()nents designed without any intende~ structural function-
such as In-fill walls--may Interact with the structural framing system 
and be forced to act structura 11 y as a resu It of excess Ive bu I Id i ng 
de format I on. The bu I I dup of stress at the connecting surfaces or 
Jo I nt s may exceed the I Im I ts of the mater I a ls. Spat I a I to 1 erances 
between such c0111X)nents thus become a governing factor. These provl
s Ions therefore emphas t ze the duct i 1 I ty and strength of the attach
ments for exterior wall elements and the Interrelationship of elements. 

Traditionally, mechanical equipment that does not Include rotating or 
reciprocating components (e.g., tanks, heat exchangers) ts rigidly an
chored to the building structure. Mechanical and electrical equipment 
containing rotating or reciprocating components often Is isolated from 
the structure by vibration Isolators (rubber-In-shear, springs, air 
cushions). Heavy mechanical equipment (e.g., large boilers) Is often 
not restrained at all, and electrical equipment other than generators, 
which are normally I so lated to d~en vibrations, ts usually rigidly 
anchored (e.g., switchgear, motor control centers). The Installation 
of unattached mechanical and electrical equipment should be virtually 
eliminated for buildings covered by the provisions. 

Friction cannot be counted on to resist seismic 
been observed that equipment and fixtures often 
rock Ing when subjected to earthquake mot Ions. 
tuated by the vertical ground motions. Because 
cannot be re 11 ed upon, . pos It Ive restra Int must 
system or c0111X)nent. 

8. l .3 Perforaance Criteria 

forces because It has 
tend to "walk" due to 
Th I s I s of ten accen
f r I ct Iona l resistance 
be prov I ded for each 

Each type of COl11X)nent or system subject to these provisions was evalu
ated as to Its expected performance level. The goal of designing for 
several performance levels, which was established for Initial guidance, 
Is contained In Table ce-1 and ce-2. Levels of expected performance 
were assessed against levels of potential hazards to life safety ac
cording to the location and function of the c~ent. Life safety was 
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Sec. 8.l.3 

the overrfdfng crfterfon for developfng the levels of performance for 
each nonstructural c~nent. 

TABLE CS-1 
Perfonmnce Criteria for Architectural Ca">ooents aid Systems 

llatrlx: Ranking : Perfor1111ce: 
Letter: PerforNnce: Character-: 
Sy11>ol: Level No. : lstlc : Design Goal 

s 

6 

Superior 

2 Good 

laxl11a resistance to lateral force design criteria; design ll•lted to 
cos•etlc dalage; all operating functions to be unl1P1lred; •lnl•lze 
glass breakage (safety glass •ay crack)I no loss of any fire rating or 
protection; syste• or co•ponent shall be Ible to handle 1.5 tl •es the 
design deflections of any structural •e•ber to which It Is attached or 
could have loads laposed on It due to structural Nlber design 
•ove•ent. 

I Average resistance to lateral force design criteria; no •aJor fall-off 
: of 11111 or cell Ing c01PORents al loved; no glass fallout except for 
I teapered glass frag•ents; all operating functions noraally operable or 
: readlly repaired on site In I ll•lted nu•btr of vorklng days; fire 
: ratings 75 percent (this does not •ean 75 percent of unit Is Intact; 
: It •eans that 1 4-hour wall shall have 3-tlour, etc.); •lnor dllqe to 
: syste• or co•ponent structure Is allowed; syste• or COIPOflent sllll I be 
: able to handle I.D tl•es the design deflectlons of any structural 
: •e•ber to which It Is attached or could have loads laposed on It due 
I to structural •ove•ent. 

---------------------1---- ---------------------------------------·-.. . . . -- ·------· 
L l I Low : Low resistance to lateral forces; glass fallout per1ltted1 ceilings 

I and I lghtlng fixtures •ay fat I down; •aJor cOIP(lflents •st 

N : 4 I None 

: substantially stay In place but not operable untl I repaired; syste• or 
I coaponent structural dlllge •ay occur1 fire ratings lll)llred1 syste• 
I or cOlpOnent slllll be ale to handle 1.5 ti•• the design deflections 
I of any structural •elber to which It Is attached or could have loads 
I l1P01ed on It due to structural •elber design •oveaent. 

I .No perfor1111ce standlrds required. 
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TABLE C&-2 
Perforance Criteria for ttechanlcal/Electrlcal ~ts and System 

Perforaance: I 
Criteria I Perforaance: 
factor I level : Design Goal 

1.5 I Superior (S)l High resistance to static and dyna•lc sets• lc forces;,all operating 

1.0 

0.5 

o.o 

I Good (G) 

I low (l) 

: None (NJ 

: functions unlapalred; no broken piping regardless of size; no 
: Interruptions of utility services other than noraal transfer 
: functions to alternate sources. 

I Noderate resistance to static and dyna• lc forces; all aajor equlp•ent 
: noraatly operable or easily repaired on site; no broken aaln 
: distributing piping or vessel; no shorted/broken electrical circuits. 

I low resistance to static and dyna• lc sels•lc forces; aaJor equlpaent 
I •ust substantially stay in place; broken aaln distribution piping and 
I vessels tolerated; fallout of lighting fixtures tolerated. 

: Ho perforaance standards required. 

NOTE z The des I gn goa 1 s 1 f sted above do not represent ab
so 1 ute levels. The complexity of ~chanfcal and electrical 
equipment, piping and duct systems, electrical distribution 
systems, etc., together with the unfque magnitude and tfme 
spectrum characteristics of each seismic event make this 
f~sslble. It Is believed that the above design goals are 
achfevable and that equfpment and systems desfgned to these 
criteria will result In an acceptable mtnlnun percentage of 
failures and danger to the public. 

Once a performance criteria ts established for a COl11)()nent or system, 
It should be designed to operate or function at that level. Specific
a 11 y, performance er I ter I a are ut I 11 zed to def I ne standards aga Inst 
which expected performance Is to be measured In terms of life safety. 

The performance characteristic levels, P, given In Table 8-l resulted 
from ·consideration of a combination of factors Including performance 
and value Judgnent based on personal experience. In the development of 
the P va 1 ues, the formu 1 as ut I 1 I z Ing th Is factor are based on broad 
assumptions. Therefore, the differences In performance levels are 
sizeable. It should be noted that 1.0 ts considered the base perfor
mance value for most c0111)()nents. 

The factor, P, Is a dimensionless modifier of the design force level on 
a c0111)()nent or system based upon Its Interrelationship with Seismic 
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Sec. 8.1.3/Sec. 8.2.1 

Hazard Exposure Group ( occupancy or use group) for the bu 11 d Ing In 
which It Is located. These are shown In Tables 8-2 and 8-3. 

8.2 

8.2.1 

ARCHITECTURAL DESIGN AEQUI RENENTS 

General 

The architectural design requirements provide that calculations, cri
teria, or other substantiation be prepared and Included as part of the 
design documentation. The use of standard designs for certain building 
c001J0nents, based upon conservat Ive va 1 ues for var I ab 1 es, may be ap
p 1 f cab 1 e to most buildings. 

The locatfon of a building Is Important from three viewpoints: 

• Site-related effects of ground-shaking Including landslide and 
liquefaction, 

• Relationship to densely populated areas, and 

• Linkage to site plan. 

Locatfon and geographic distribution of buildings have a direct rela
tionship to potential 1 ffe loss·. In areas of high-Intensity ground
shak f ng, the poss f b I 1 i ty of sf gn f f1 cant fa f 1 ure of arch I tectura 1 and 
other nonstructura 1 systems Increases. Wh f I e hazard to 1 If e ·safety 
within a building remains constant, potential life loss can be sfgnf
ffcantly fncreased ff the building fs also located fn a densely popu
lated urban area. The time of day also can be of Importance because of 
the possfbflfty of a large number of persons befng fnsfde or adjacent 
to the exterior of the building. 

The placement of bul ldlngs on a site can sfgnlffcantly affect the 
Impact that col lapse, or fat lure, of architectural and nonstructural 
components can have on: 

l. The entrance or egress of occupants to the building, 

2. The blocking of streets, and 

3. Accessibility to the building by fire and rescue teams. 

Accordingly, gufdelfnes were established to cover the respective haz
ards and their relationships to both Interior occupancies and exterior 
cf rcu 1 at I c;m. 

Many variables exist In but ldf ng 1 fnkages to the site plan. Perhaps 
the most obvious constraint Is the effect of lot size and/or location. 
Few optfons exfst for either the architect or engl neer to position 
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bul ldlngs on smal 1 lots or restricted sites In congested urban cen
ters. However, 1 n the case of 1 arge bu 11 d Ing sites, such as those 
found In regional shopping complexes surrounded by large parking areas, 
hazard m 1 t 1 gat 1 on can be proper 1 y cons 1 de red. For examp 1 e, as noted 
previously, properly placed landscaping around the exterior of a build
ing can provide a protective barrier from falling hazards. Accessibil
ity to a damaged building for fire and rescue teams is essential and, 
therefore, the entrance and egress to the bu i 1 d f ng shou 1 d be protec
ted. All space surrounding a building does not necessarily affect 
accesslblllty--only those areas that are associated with accessibility 
to the building site and entrance to and egress from each building. 

Accessibility for Group Ill occupancies Is most _Important. (See Sec. 
1 • 4. 2. 5. ) Exper I ence has shown that access can be 1 ost or ser I ous 1 y 
compromised by debris fal 1 Ing from both the building involved and 
adjacent structures. In order to assure that future i ~rovements on 
adjacent property do not Jeopardize this accessibility, the provisions 
require that adequate protection of such access be provided. The 
slq:,lest means of resolving this adjacent property problem would be to 
restrict the location of the access to at least 10 feet from any 
adjacent property 1 I ne. If there Is an existing bu1 ldlng on the 
adjacent property and 1 t Is, for examp 1 e, constructed of reinforced 
masonry, the arch I tect shou 1 d ser I ous 1 y consider providing a greater 
degree of protected access. This would avoid the potential hazard that 
the existing adjacent structure may present. Although not covered by 
these provisions, the designer also should consider the possible loss 
of access along streets, highways, or bridges adjacent to the site. 

8.2.2 Forces 

The design seismic force ts dependent upon the weight of the system or 
component, the seismic coefficient for the locality, the seismic coef
f i ct ent for the component, and the requ I red performance character ts
t t c. The term Av Is a variable parameter dependent on local earthquake 
history and probability of occurrence. The maps In Chapter l specify 
values for locations across the United States. The performance charac
ter f st t c re 1 ates to the occupancy group and the component or system 
Involved per Table 8-2. · 

Certain design requirements for architectural components in areas of 
low setsmfclty are eliminated by the exceptions of this section. How
ever, the designer may wish to provide for some Increased safeguards in 
order to lessen the potential cost to hf s cl lent for architectural 
components. This Is not mandated In the provisions. 

It should be noted that the mfnfnun lateral design force usually speci
fied for Interior partitions (I.e., the 5 pounds per square foot crf
ter 1 a found In most codes) may exceed the forces deve 1 oped from Eq ~ 
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8-1, thereby ei lmf natfng the need for desfgn for seismic forces, but 
not detailing, of these walls. 

The Cc factor in Table 8-2 was origfnal ly based on the use of the 
working stress design and was slmf lar to the C factors specified In 
the Uniform Building Code and Title 24 of the ca'fitornia Administrative 
Code. In some cases, these va I ues were mod I ff ed s 11 ght 1 y based upon 
experience and judgment. In the case of exterior nonbearfng wall pa
rapets, the Cc value was consfderably reduced since the de~elopers of 
the prel imfnary version (ATC 3-06) of the Provisions dfd . not bel feve 
they could Just I fy a difference between a parapet and a cantf lever 
portion of an exterior wall. The poor history of unreinforced masonry 
parapets, which was the basts of prior high Cc values, should not be 
transferred to newer and properly designed systems. 

When the dee Is f on was made to use stresses approach Ing y f e 1 d f n the 
provisions, the Cc values were modfffed so as to be In accordance wfth 
these higher allowable stresses; the ff nal proposed Cc factors (and 
ext sting code Cp factors) are somewhat arbitrary and, consequently, 
need cont I nued rev few and further research. It I s hoped that future 
fnvestfgatfons wfll distinguish between a faflure to meet the numerical 
coefficients of a standard and a faf lure based on nonc~l fance with 
the basic intent of a standard and will thereby result In more rational 
values of these factors. 

The modifications that resulted In the Cc values presented in Table 8-2 
were developed from comparative c~utatlons and application of subjec
tive judgnent. 

From prior codes: 

Fp = ZC~Wp, 

and from Eq. 8-1: 

(C8-1) 

(C8-2) 

where F~ = the force at working stress level, Fp = the force at yield, 
Z = the seismic zone factor, Av= the effective peak velocity-related 
acceleration coefficient, C~ = the prior c~nent factor, Cc= the new 
COQ)Onent factor,~ and We= the weight of c~nent, and P = the per
formance factor. The ratio of yield stress to working stress has been 
accepted as approximately 1.60. In working stress design, there Is an 
allowance for a design stress Increase of 33 percent for seismic load
ings. These factors have been combined to develop the relation: 

Fp = (l.6/l.33)Fp or 1.2 Fp, (C8-3) 
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For ex~le, assumfng Z = 1, Av= 0.4 and P = 1, then: 

Fp = 1.2[(1)(Cp)(Wp)l, 

and 

Fp = 0.4 (CcWc>• 

If C~ = 0.2 for a partitfon, and takfng We= Wp then: 

1.2(0.2 We>= 0.4 CcWc 

and 

Cc= 0.6. 

(C8-4) 

(C8-5) 

(C8-6) 

(CS-7) 

The ~ 1 ff f cat f on effects due to bu f 1 d Ing he I ght were not cons I de red 
significant because of the manner In which the values were assigned to 
Cc and P, the relatfvely light weight of typical c~nents or systems 
(as compared to the buf ldfng wefght), and the desire to maintain a 
simple form for Eq. 8-1. 

8.2.3 Exter tor "811 Pane 1 Attactaent 

I 

I 

Th Is sect I on requ I res duct f 1 i ty and rotat f ona 1 capac f ty for exterior 
panels. To ensure that the attachment Is ductile, care must be taken I 
In its detai 1 i ng. To mfnfmfze the poss I bl l lty o'f a brittle-type 
fa f 1 ure, the attachments to the structure 1 frame must be des I gned to 
accomnodate (by bendfng or rotatfon) the potentfal dffferentfal motions 
between the c~nent and the structural frame. 

8.2.4 CtllllilOlleflt Defonllllt Ion 

Earthquake motfons fnduce deflectfons at each floor level. The dfffer
ence f n the deflect f ons of the top and bottom of each story fs the 
story drfft. Wal ls, partitions, glazing, etc., In each story of a 
but ldf ng must be capable of acconmodatlng the story drift wfthout 
causing a life safety hazard. The larger story drffts resulting from 
the Inherently more-flexfble steel or reinforced concrete moment frame 
buf ldf ngs may cause damage to floor-t~floor partftfons and other 
nonstructural systems (e.g., stairs, elevator shafts) unless proper 
design considerations are provided. Such nonstructural damage as 
evidenced in past earthquakes can exceed 50 percent of the replacement 
value of a bufldfng and can also endanger the occupants. In c~rt
son, shear wa 11 bu 11 d f ngs are usua 11 y more r f g f d than moment frame 
structures and therefore have smaller story drifts. 

179 



I 

I 

Sec. 8.2.4/Sec. B.2.5 

Arch I tectura I des I gn cons I derat Ions must take Into account the com
ponents of deformat I on that · can occur: 

• Direct deformation In the component or system Itself, 

• Direct deformation In the Joints or attachments of the compo
nent or systems, 

• Deformation of the component or system produced by structural 
frame or structural wall movements, 

• Deformation In the Joints or attachments of the component or 
system produced by structural frame or structural wall move
ments. 

The drift values to be considered In the design of components are those 
der I ved I n Sec • 4 • 6. 1 • These va 1 ues can be reduced by one-ha 1 f for 
components with a required performance characteristic level of L. 

I Al 1 architectural systems or components attached to or framed within 
the structural system must be capable of acconmodatlng a story drift of 
6 without failure or should be separated from the structure to prevent 
the deformations of the structure from affecting the architectural 
system or component. Such Isolation can be accomplished by providing a 
degree of separation at least equal to the calculated drift from Sec. 
4.6.1. Rfgfd elements (e.g., stairways, masonry walls) should be given 
spec I a 1 cons I derat I on s I nee not on 1 y are they subject to damage and 
loss of function from structural deformations but also, of equal l~r
tance, their stiffness may significantly affect the structural system 
to which they are connected. In each Instance both structural and fire 
resistance requirements have to be reconciled. 

Dffferentlal vertical movement between horizontal cantilevers In adja
cent stories ( f .e., cant I levered floor slabs) has occurred In past 
earthquakes. The possibility of such effects should be considered In 
the design of exterior walls. 

8.2.5 Out-of - Plane Bending 

'1ost walls are subject to out-of-plane forces when a building Is sub
jected to an earthquake •. These forces and the bending they Induce must 
be considered In the design of wal 1 panels. This Is particularly 
l~rtant for systems composed of brittle materials and/or low flexural 
strength materials. The conventional limits based upon deflections as 
a proport .1 on of the span may be used w I th the app 1 ·1 ed force as der I ved 
from Eq. 8-1 and Table 8-2. 
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8.2.6 Raised Access Floors 

ANSI A58.1-1982 may serve as a gutde for the weights supported by 
ra 1 sed access f 1 oors. ' 

8.3 

8.3.1 

NECHANICAL AND ELECTRICAL DESIGN REQUIREMENTS 

General 

The mechanical and electrical destgn forces are assumed to be fmposed 
from any horizontal directton. The vertical forces as noted fn Foot
note b of Table 8-3 are assumed to be one-thfrd of the maxfmum horizon
tal forces. The designer Is allowed an optfon of Justifying a reduc
tfon fn the sefsmfc forces requfred by this. chapter. Such Justfffca
t 1 on may be made by perform f ng a dynam I c ana 1 ys f s based upon estab-
1 f shed prfncfples of structural dynamics. 

8.3.2 Forces 

Equat f on 8-2 shou 1 d be used for the des I gn of components and the fr 
attachments. The method of attachment for mechan I ca 1 and e 1 ectr I ca 1 
components must be either by ffxed or direct attachment to the build
Ing or by attachment w f th a res I 1 I ent mount f ng system. Re I I ance on 
friction to resist seismic forces is not permitted. 

If an Item of mechanical or electrical equipment Is rigfdly anchored to 
the building structure, selsmfc forces are transmftted dfrectly to the 
equ f pment. The des I gn force is dependent on the performance rat f ng 
assfgned to the particular pfece of equfpment. 

-Where ff xed (rl gfd) attachments are used for components with perfor
mance levels of Sor G In areas wfth coefffclent Av equal to or greater 
than 0.15, certlffcatlon must be obtained from the component manufac
turer that the component ts capable of withstanding the design forces 
w 1 thout susta f n Ing damage. Shak Ing-tab 1 e tests or three-d I mens Iona 1 
shock tests may be used for certification If an analysis Is too dif
ficult to perform. C~nents frequently can withstand considerable 
force In one horizontal direction but may fall ff a concurrent force fs 
applied from another horizontal dfrectfon. 

Hechan f ca 1 equ f pment such as rec I procat f ng or rotat f ng mach I nery 
t rad ft Iona 11 y has been mounted on res I 1 f ent mount f ng systems, par
t f cu 1 ar 1 y when f nsta 11 ed on upper f 1 oors of structures. The pr I mary 
reason for th I s type of mount f ng system f s to dampen or I so 1 ate the 
v f brat f on emanat f ng f ran the equ f pment and thereby I nh I bf t sound and 
vfbratton transmission through the bulldfng structure. 
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The structural system and the resilient mounted equipment form a com
plex dynamic system. To account for this, the afl1)11flcatlon Introduced 
by the re 1 at f onsh Ip of the equ I pment support per I od and the bu I 1 d Ing 
period should be included If the equipment Is to survive the earthquake 
as required for Sor G performance criteria levels. It Is recognized 
that a rigorous solution of this problem requires a detailed c0111)uter 
dynamic analysis. The designer Is given the option of making a rigor
ous dynam f c ana 1 ys is of the equipment and I ts support Ing system by 
establ I shed principles of structural dynamics to qual ffy 'the equip
ment. As an alternate, the Trf-Servfce Seismic Design Hanual includes 
a method based on an approximation of the system as a single-degree-of
freedom system. This method was adapted to be the general methodology 
f o 1 lowed In these prov Is ions as one method of qua l I fy Ing the equ Ip
ment. ,, An attempt was made to determ I ne whether techn I ques are ava f 1-
ab 1 e at present to conduct a mean I ngf u l dynam I c ana 1 ys is of el ast I c 
restraining systems. The state-of-the-art appears to be as follows: 

• On 1 y one conmerc I al l y ava f lab le computer program Is known to 
be svai lable that provides a form of dynamic analysis of 
elastic restraining systems. Because of the absence of actual 
earthquake data, th Is program makes ass~t Ions regard f ng 
frequency c0111)0nents and their duration and limits Itself to 
frequenc I es In the range of O. 1 to 16 Hz. The program was 
deve 1 oped by the Ca 1 i forn I a Inst I tute of Techno 1 ogy for a 
manufacturer of resilient support systems and access Is avail
able only through that manufacturer. 

• There are sensors and record Ing systems aval lab le that can 
measure and record directly on magnetic tape the various para
meters during a seismic event. The data could form the basis 
for an Improved dynamic analysis program and make possible Im
proved design techniques for resilient mounting systems. 

• There Is a need for the fnstallat,on of full dynamic response 
sensors at exist Ing strong-motion I nstrunentat ion stat Ions. 
There Is also a need for the development of adequate C0111)uter 
programs that can be made available to all qualified designers 
In this field. , 

Resilient mounting attactvnents must be designed to decelerate movement 
of the c0111)0nent or system at a rate that will not generate forces In 
excess of those .calculated from Eq. 8-2. The rest l tent mounting 
systems can Include such Items as stable springs, pneumatic restraining 
devices, or elastic restraining devices; however, any device used must 
be capable of withstanding the forces determined from Eq. 8-2. It was 
decided that the equation for calculating the seismic forces on mechan
ical and electrical equipment should Include two variable parameters in 
add I t I on to those requ I red I n Sec. 8. 2 • The ref ore, two add It Iona 1 
factors--ac (an amplification factor for resiliently mounted equipment) 
and ax (an amplification factor to Increase the applied forces depen-
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dent on the hefght of the equfpment fn the bufldfng)--are fncluded fn 
Eq. 8-2. The ·values of the vartous factors and coefficients were 
determfned as indicated below. 

~c Factor Determinations 

lnftfally, Cc was defined as: 

Cc= a/g, (C8-8) 
2 . 

where g = acceleration du! to gravity (ft/sec ) and a = estimated 
destgn acceleratfon (ft/sec). The quantity "a" represented an ampli
ffcation of the effective peak acceleratfon coeff .fclent for the coeffi
cient Av equal to or greater than 0.20. The amount of amplification 
was related to similar factors In the California regulations (SB 519, 
1972). In order to bring Cc into conformance with other sections of 
the prov I sf ons, the concept was changed to def I ne Cc as a numer f ca 1 
dlmensf onl ess factor related to the mechanfcal and electrical com
ponents In Table 8-3. The numerical values as shown In Table 8-3 were 
developed by using an analogy to the Cp values In Table T17-23-3 of 
Tftle 24 of the California Administrative Code as fndfcated below. 

From Tit 1 e 24: 

where 

and from Eq. 8-2: 

where 

Fp' = the design force, 

Cp' = the Cp value from Table Tl7-23-3, and 

Wp = weight of component 

Fp = the design force, 

(C8-9) 

(C8-10) 

Av = Effective Peak Velocity-Related Acceleration 
Coefficient (EPV), 

ax = (for comparison purposes), 

ac = (for comparison purposes), 

We = Wp = weight of component, and 
p = 1.5 (for a hospital). 

Fp was set equal to 1.2 Fp' because the desfgn in these provisions Is 
based on yield strength and not on working strength as In Tftle 24. 
Thus: 
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AvCca~acWcP = 1.2 Cp
1

Wc. 

Substftuttng Av= 0.40 and cancelling We: 

0.4 CcAxAa 1.5 = 1.2 Cp
1 

or 

(CS-11) 

(CS-12) 

(CS-13) 

Table Tl7-23-3 prescribes Cp' = 1.0 for essential mechanical· equipment, 
and, thus, Cc= 2.0 for comparable mechanical and electrical components 
with an S performance 1 eve 1 . Va 1 ues for other equ f pment were then 
scaled to the above. 

g 

Structure Arrpl lflcatfon Factor (ax>. 

The use of the but ldfng ampl tf1catfon factor ax required similar 
cons f der at I on s to those above. A rev i ew of the 1 f terature (U.S. De
partment of Defense, 1974; Fagel et al., 1973) as wel 1 as a desf re to 
motivate designers to locate heavy mechanical or electrical equipment 
In the lower levels of the building prompted the use of such a factor. 
One method of accounting for thfs effect fs to use a formula based on 
the distribution factor Cvx from Eq. 4-6a. The use of this formula 
requires cross-referencing to Chapter 4 and Involves concepts that may 
be unfamf I far to mechanical 'and electrical engineers. In addition, ft 
tends to resu 1 t f n va I ues f n excess of those cons f dered reasonab I e. 
Therefore, ft was decided to use an approach derived from information 
contained In the Tri-Service Manual but differing from ft as follows: 
The equation used fn the Tri-Service Manual gives directly the acceler
ation due to set sml c forces (as a fract f_on of gravfty) at each level of 
the building. This number fs then combined with a soil constant such 
that the product of the structure ampl tffcatton factor and the sol ls 
ccmstant (AhCs) represents a number comparable to the product of the 
EPV coefff cf ent (Av) , the Cc factor, and the structure amp 1 f fl cation 
factor CAvCcax>. 

It was judged that a l 00 percent t ncrease for the top 1 eve 1 of the 
building was reasonable and, thus, Ax= 1 + Chx/h0 ). 

Equipment Anpllftcatfon Factor <acl 

A relationship for determining this amplification factor was developed 
by assuming that the response of the buf ldlng at the equipment level 
can be approximated by a sinusoidal loading of the form P sln(~t). The 
amp I I fl ca~ f on factor for th f s type of mot I on ts then re 1 ated to the 
acceleration resulting from the Increase In the equipment response due 
to the building response. Whenever the period of the building and that 
of the equ f pment are approx I mate 1 y equa 1 , resonance occurs. The 
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equat I on f s cased on the theory of harmonic mot I on (TI moshenko and 
Young, 1955) and Is used to compute the amplification factor: 

ac s 11/c1 - (wlwal2 ]
2 + [2Awlwa]2 , (CB-14) 

where ac Is the amplification factor, w Is the natural frequency of the 
equipment (rad/sec), and w8 Is the natural frequency of the structure 
(rad/sec), and A= the percent of critical ~Ing of equipment. 

The Tri-Service Manual has selected a value of A equal to 2 percent. 
Sub st I tut I on of the va 1 ue 2w /T for w, and 2w /Tc for Cata produces the 
curve shown on Figure C8-l which Indicates a magnification factor of 25 
at resonance. This was reduced to a factor of 2 for per·lod rates 
between 0.6 and 1.4 seconds with al 1 other pe'r"fod ratios having a 
factor of 1 for the following reasons: 

• The damping coefficient A ts not constant at 2 percent during 
a seismic event. 

• The building period ts also not a constant because of deforma
tion of the structure. 
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• The magnfflcatfon factor graphs fn the Trf-Servfce Hanual are 
based on an approxfmation of the system as a single-degree-of
freedom type system. This Is not considered to be representa
tive of actual conditions. It should be noted, however, that 
period ratfos In the range of 0.8 to 1.2 may result In con
siderably higher magnification and this must be considered In 
the design. 

Component Attachment Period (Tc> 

Equation 8-4 Is derived from the basic 11ass respon~e equation (Tri-Ser
vice Manual): 

w = ktt1me, (CB-15) 
where 

the circular frequency (rad/sec), 

Hme = the mass of mechan i ca 1 or e 1 ectr f ca 1 equ f pment 
(lb-sec 2 /ln.), and 

T = 2tr/w (sec). 

Combining the above equations: 

where 
T = 2tr/W/Kg, (CS-16) 

2 
g = the acceleration due to gravity (in./sec) and 

W = the weight of equipment (lb). 

~quatlon 8-4 results after substituting 2w//g • 0.32. 

8.3.5 utility and Service Interfaces 

Special hazards to the building and Its occupants are created by the 
failure of utility systems. It was felt necessary to give some consid
eration to secondary effects of a seismic event as an exception to the 
general rule followed elsewhere. Possible secondary effects are leak
age of fossl 1 fuels from broken lines or electrical short-circuit 
currents In excess of normal protective device capabilities. For this 
reason, for Se Ism f c Hazard Exposure Groups 11 and 111 In areas w I th 
the coef f I cf ent Av equa 1 to or greater than 0. 15, protect Ive dev Ices 
are required that will automatically stop fuel flows or Interrupt 
current In the event earthquake motions greater than a designated 
I ntens I ty occur. Interrupt I on of gas or h I gh ten1)erature energy 
supplies to buildings can be acc~llshed by lnstallfng selsmfc valves 
at the service connection to a bul ldf ng. . Interruption of electrl cal 
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serv f ce can -be ach 1 eved by shunt-tr f pp 1 ng the ma 1 n c 1 rcu 1 t breakers 
when activated by a sensor that can detect excessive ground motion. 

The rapid growth of urban electric dfstrfbutfon networks also was 
considered fn development of the prov1sfons. In many Instances, util
ity companies have Increased their distribution networks such that the 
f au 1 t current potent I a 1 s that ex fsted when a bu I 1 d Ing was or I g Ina 11 y 
constructed have Increased manyfold. This Is particularly the case in 
urban areas where secondary network concepts are ut 11 f z·ed~ These net
works, by adding transformer capacity, have reduced the reactance 
needed to 11m1t fault current. In some cases, electrical faci 1 ftles 
lnltfa11y providing less than 25,000 amperes fnterrupttng current now 
exceed 200,000 amperes or more, and Incoming service equipment and 
dlstrfbutlon equipment within the structure are · Inadequate to handle 
such 1 oads. Th Is prob 1 em Is of concern because phase-to-phase or 
phase-to-ground faults can develop during a seismic event In equipment 
not adequate 1 y des I gned and cou 1 d comp 1 ete 1 y cons\Mne the serv Ice 
entrance equ I pment, servf ce protectf on equipment, and dfstrlbut Ion 
equ f pment and represent a sf gn ff I cant source of f I re. The potent fa 1 
energy release of these fault currents Is such that 1/4 In. by 4 In. 
cross-section bus bars, utl 1 lzed fn switchboards singly or In multi
ples, would melt as If In an electric arc furnace, and the molten 
copper would flow along the floor Igniting any cont>ustlble material ft 
encountered. The resolution of thts problem Is not within the scope of 
these provisions. 

For essential facilities, equipment and systems requiring an S perfor
mance character f st t c 1 eve 1 must rema t n In operat f on after the d I sas
t er. For this reason, auxfl fary on-site mechanical and electrical 
ut I 1 f ty sources, or secondary ut f I f ty sources , are recommended. No 
reference to this situation fs Included In the provisions because In 
most cases ext st t ng but 1 d t ng regu I at f ons usua I 1 y C()nta f n such prov I -
sfons. It ts reconmended that an appropriate clause be Included ff the 
exfstfng codes for the Jurfsdfctfon do not presently provide for ft. 

Sec. 8.3.5.2 requires flexible connections for utflttfes at the fnter
f ace of movab 1 e port Ions of the structure to acconrnodate ant I ct pated 
displacement. Base Isolation ts addressed by the Prov1s1ons only as a 
warning. It affects architectural and mechantcal/electrfcal fittings 
only In a limited manner (where water and energy lines pass through the 
Interface) • 

CHAPTER 8 TA81..ES1 
OCCUPANCY-CONPO£NTS-PERFORIIANCE RELATIONSHIPS 

The deft n It tons of arch f tectura 1 components and systems, occupancy 
group types (Tables C8-3 and CB-4), and criteria for performance stan
dards (Tables C8-l and C8-2) were discussed above. It ts apparent that 
Interrelationships exist between the Items and have a direct 1111)8ct on 
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TABLE CS-3 
Initial General Grouping of Occupancies 

Group : 
Letter :c1assiflcatlon 

A 

B 

C 

D 

E 

F 

:Typical public 

:special public asselbly 
I 

:Education (caapus opera
:tlons only; does not in
:clude I to 3 rooa adult 
:school operation) 

:confined facilities 

:Hazardous storage and 
'fact I I ties 

:General 

:subgroup: 
:code No. :Occupancy Description 

I 
I 

:Load of 100 or mre (Including asselbly drinking/dining 
:establlshaents) 

:open air only (not covered by roof)--stadlu•s, reviewing 
:stands, park structures, etc. 

:-------- :------------------------------------------------------------
2 :Regional shopping centers with enclosed shopping ulls 

:so or •ore persons through 12th grade 
:-------- :------------------------------------------------------------
: 2 lless than 50 persons through 12th grade 

I 
I :Nental, Jalls, prisons, restrained IIWltes 
:-------- :------------------------------------------------------------
: 2 :Nurseries for child care only, nona•tlulatory 
:-------- 1------------------------------------------------------------

3 :Nursing hoaes, child care of kindergarten age or over, 
IHbulatory 

:-------- :-----------------------------------------------------------
: 4 :Hospitals 

lHazardous/flllllble storage 
:-------- :------------------------------------------------------------
: 2 :Less hazardous/fl-.ble storage 
:-------- :------------------------------------------------------------

3 :woodworking, shops, factories: loose cOlbustlble fibers/dust 
1--------:------------------------------------------------------------
1 4 :Repair garages 
:-------- :------------------------------------------------------------

5 :Aircraft repair hangers 

I la :Regular gas/service stations, ccaerclal nonvltal vehicle 
!storage garages I 

I 

·:-------- 1------------------------------------------------------------
lb lStorage/parklnt of •rgency vehicles (e.g., a•bulances, 

I lutl llty trucks) 
1--------:------------------------------------------------------------

21 lwtlolesale stores, general warehouses 
:-------- 1------------------------------------------------------------

Zb !Retail stores (Including drinking/dining establlslmnts with 
la load of under IOI) 

: . ------:------------------------------------------------------------
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Group I 
Letter !Classification 

G 

" 

!Special facilities (in
lcludlng existing lov 
!fire hazard) 

INotel/apart•ent houses 

IDwel lings 

Chapter B Tables 

TABLE CS-3 Continued 

:subgroup I 
ICode No. !Occupancy Description 

2c !Office buildings, lov rise, up to 75-ft height 
I----• •- • ---••---••-••--•-••- ·•-•-•••-•------•-•••••••••••-••-•••-I I 

: 2d !Office buildings, high rise, over 75-ft height 
:-------:-----·------------------------... ---------------·-------
: 2e !Print shops, factories, Industrial plants 
:-------:------------------------------------------------------

2f !Police/fire stations, coainlcatlon centers 
:--------:-------------------·-·--------·-----·----·-·-----------------------

2g !Warehouses, eaergency supplies storage (e.g., •edlcal, 
lfood, che•lcals) 

·-------- '-----------------• ·---------------------------------------' I 

3 !Aircraft hangers, OPen parking garages 

llce plants, factories, vorkshOPs using nonco•bustibles, 
:nonexplosives 

:---- · ·- ~-- ---- ------- -----· ·----------------------------------- •--

: 2 !Lifeline facilities, utilities, power plants 

I 
I :Hotels, convents, •onasterles 
: -------1------------------------------------------------------· ---

2 IApart•ents, low rise, up to 75-ft height 
·-------- ·----------------------------------------------------------1 t 

I 3 IApartaents, high rise, over 75-ft height 

IDwellfngs, lodging houses, sheds 
:--------r--------------------------------------------------
1 2 lfences over 6-ft height, tanks, towers 

NOTE: This 1nlt1al grouping was developed using the 1973 UBC as a 
pofnt of departure; IIIOdlflcatlons and additions were made to occupancy 
group types. 
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Chapter 8 Tables 

TABLE ca-, 
Conso 11 dated Occupancy Grcq, I nglJ 

Group : Description 

Ill Buildings housing crltlcal facllltles necessary to post-disaster recov
ery and requiring continuous operation during and after an earthquake, 
The ter•s •crltlcal facllltles• and •e1ergency1 are defined as •eanlng' 
designated by the govern1ental entity having Jurisdiction. Exaaples are 
fire and police facilities, hospital faclllties with e•ergency treat•ent 
facllltles, e•ergency preparedness and c011Unicatlons centers, power 
stations and other utilities required as e1ergency faclll~les. 

II I Bulldlngs housing dense occupancies having a high transient population 

llultlple 
Occupancy 
Structures 

I and/or sleeping conditions or critical facllltles requiring operation In 
: the 1-dlate post-disaster period; restricted •ove•ent facllltles. Ex
: aaples are public asselbly for 100 or •ore persons; open air stands for 
I 2,000 or •ore persons; day care; schools; colleges; retail stores with 
: •ore than s,ooo sq. ft floor area/floor or •ore than 35 ft In height; 
: shopping centers with covered •alls over 20,000 sq. ft gross area ex-
: eluding parking; office buildings with aore than 10,000 sq. ft/floor or 
I over 4 stories In height; hotels, wholesale stores, apart.ents, factor
: les, and printing plants over 4 stories In height; hazardous occupancies 
: consisting of fla•-able or toxic gases or fla•-able or toxic liquids In-
I eluding storage facl I I ties for sa•e. · 

Low-density occupancies and generally low transient population. Exa•-
ples are aircraft hangers; working facllltles; factories, warehouses, 
printing plants, hotels, and apart•ent houses 4 stories or less In 
height; repair and storage garages; service stations; Ice plants; 
single-and two-fatlly dwellings; townhouses; retail stores less than 
5,000 sq, ft/floor and 35 ft or less In height; public asse•bly for less 
than 100 persons; offices less than 10,000 sq. ft/floor or 4 stories In 
height. 

Due to the high cost of construction, travel and land, It Is llkely that 
shopping, living, entertalnitent, •edlcal, and vorklng facllltles wlll be 
co•blned and designed Into a single structure. Any •preconceived boxes• 
or occupancy classlflcatlons within which bulldlngs are classified •ust 
be designed to take Into consideration the possibility of such •ultlple 
occupancy structures. Soae of the new convention centers and regional 
shopping center •alls are In this category and represent a high-occu
pancy risk situation. In this case, It vas concluded that the architec
tural systNs and co•ponents are even aore critical than in conventional 
.bulldlngs. Egress and accessibility to these structures are •ost lapor
tant. 

,. 

iNote that these groupings have been revised for the 1988 Edition; 
see Sec. l • 4. 2 • 
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chapters Tables 
the levels of llfe safety to be achieved. For ex...,le, a heavy piece 
of eel I Ing-mounted mechanf cal equipment presents a minima I hazard to 
I f fe safety when I ocated f n a pr f vate garage whereas the hazard from 
such equipment Increases slgnlffcantly ff It Is located fn a large hall 
for publlc assembly with a potentfal occupancy of more than 1,000. The 
hazard would be further Increased ff the attachment or mounting for the 
equ f pment was poor I y des I gned. An add ft f ona I f ncrease f n the hazard 
potent fa I wou Id occur ff ft was mounted on the ce f I f ng of a hosp f ta I 
ward used 24 hours a day. As descr I bed above, the I ntroduct f on of 
I ands caped barr f ers may a I ter the I ff e safety r I sk from fa I I f ng ob
jects. Accordfngly, design trade-offs between variables could raise or 
lower the lffe safety hazard. Following this prlnclple, the methodol
ogy for deal Ing with a set of variables was established. 

Some er It I ca I var I ab I es affect Ing I ff e safety that were used In th I s 
methodology are: 

• Occupancy density; 

• Bulldfng height; 

• The need for functioning after an earthquake considering the 
overall occupancy crftlcal use factor, the specific coq,onent 
use factor, the need for egress after an earthquake, and the 
need for functlonabllfty of fire protection; 

• Adequate access for emergency personnel; 

• Publfc hazard exposure outside the bulldlng; 

• Crltlcal exposure to major secondary hazards (e.g., fire, ex-
plosion); 

• Famlllarfty of occupants with surroundings, 

• Restriction on movement of occupants; 

• Probable age and IIIOblllty of occupants, and 

• Siting of the bufldfng. 

191 



Chapter 8 Tables/Related Concerns 

Table C8-5 dfsplays the lnlt _fal results of the methodology when appl fed 
to measurement of the three basic varfables. It presents these results 
in the form of a table labeled "Tentatfve Matrix." The varfables are 
measured against each other and are subject to modfflcatfon when other 
sets of variables are introduced. Appl I cation of the "Tentative Ha
tr I x" to any one arch I tectura 1 component and system corre 1 ates the 
e 1 ement (subject to further mod I ff cat I on If des I red) to performance 
standards and occupancy group. other patterns may be found by seeking 
relationships between the architectural component and Its performance 
to occupancy group, or occupancy group and architectural component to 
performance standard. Thus, for most desired fnformatfon, the "Tenta
tive Hatrfx" di splay could be utf 1 fzed to obtain correlation wfth 
performance standards, architectural element defl~ltlon, or- occupancy 
group type. The h I gher the performance standard di splayed on the 
"Tentat Ive Hatr Ix," the h I gher the hazard posed by the arch I tectura 1 
element In context with occupancy group characteristics. In this way, 
minimum force levels were developed. 

In development of the Prov1s1ons, ft became evident that a system was 
needed to measure a 11 var I ab 1 es, to estab 1 I sh pr I or It I es for dea 1 Ing 
with them, and to Identify the fnterrelatfonshlps between all Items and 
correlate thefr diverse characteristics. This early matrix Is Included 
In thfs conmentary to facflltate evaluation of the method used and and 
to provide gufdance for future work. 

RELATED <XKERNS 

ttal ntenance 

Hechanfcal and electrical devfces Installed to sat"tsfy the requirements 
of these provisions (e.g., resilient mounting systems or certain pro
tect I ng dev f ces) requ f re ma I ntenance to ensure the f r re 1 I ab I 1 I ty and 
provide the protection for whfch they are designed fn case of a seismic 
event. Spec If I ca 11 y, rubber- In-shear mounts or spr Ing mounts (If 
exposed to weatherfng) will deteriorate with time and, thus, periodic 
testing Is requfred to ensure that thefr ~fng actfon will be avail
ab 1 e dur I ng an earthq~ke. PnellMt I c mount f ng dev f ces and e 1 ect r I c 
switchgear niust be maintained free of dirt and corrosion. How a Regu
latory Agency could aanfnlster such periodic lnspectfons was not deter
m I ned and, hence, prov f s Ions to cover th I s s I tuat I on have not been 
Included. 

"Int .. Standards 

Criteria represented In the provisions represent minimum standards. 
They are des lgned to minimize hazard for occupants and to permit, 
insofar as pr act I cab 1 e, the cont I nued fun ct I on Ing of f ac I 11 t I es re
qu I red by the comnunfty to deal with the consequences of a disaster. 
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Related Concerns 

They are not des f gned to protect the owner' s f nvestment, and the de
sf gner of the facility should revfew with the owner the possibility of 
exceeding these minimum standards so as to limit his economic risk. 

The risk Is particularly acute In the case of sealed, afr-condftloned 
buildings with L performance levels where downtime after a disaster can 
be mater I a 1 l y affected by the ava f lab I l I ty of parts and labor. The 
parts availability may be significantly worse than normal because of a 
sudden Increase In demand. Skilled labor may also be In short demand 
sf nee ava i 1 ab 1 e labor forces may be d 1 verted to h I gh pr 1 or I ty struc
tures requiring repairs. 

Architect-Engineer Design Integration 

The subject of an architect-engineer design integration ts being raised 
because It Is bell~ved that all members of the profession should clear
I y understand that Chapter 8 Is a cornprom 1 se based on concerns for 
enforcement and the need to develop, In what was a limited time frame, 
a simple, straightforward approach. It Is Imperative that from the 
outset architectural Input concernf ng definition of occupancy clas
sification and the required level of seismic resistance be properly 
Integrated with the approach of the structural engineer to seismic 
safety ff the design profession as a whole ts to make any meaningful 
1111)act on the public conscience In this Issue. Accordingly, consider
able effort was spent In this area of concern. It Is hoped that as the 
desfgn profession gains more knowledge and sophistication in the use of 
seismic design, It wf 11 collectively be able to develop a more com
prehensive approach to earthquake design provtsfons. 
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TA8l.E C8-5 Tentative ttatrlx 

' . 
-

COMPONENTS 
.! ... !? • .. 
~ :::: 

11 - i i 1 ~ .. .. .. ..; .! .. 
I .. - .. ... 

i = ~ j .! ... .. 11 .. 
1 

... .. 
¥ ... ... = I .. ... .. 

i 1i ... ... Is OCCUPANCY .. ... ... ... 
I I .. ' -

.. :J 8 .. 
I' I I: ... ... ... 

~ .. 
j I' .. :I ... .s I .. 

~ 
... .. .. ~ ... 
I i ii .. .!: = ~ t . .. • .. . J ... 

i j t: ... ... ... • ~ 
... ... 

i ;:: - ~ ,I .... ,.. w. ... ~ ... ... 
,., Z,I 2.2 Z.J u Z.5 J,I J.Z J.J 

. . 
J.4 4,1 4.Z 4.3 5.1 5.Z 5.3 

A, ASSE•n 
I. Ml le Amlity - Ill or .,, 5 &Z II II &Z ' ' s 5 s 5 L3 L3 s ' L 

I. SPlCIAl ASSE•Y 
I, a... Air Stands 5 &Z ll II ' ' ' ' s L s L L3 s ' L 
Z. 5-1111 C1t1ttr1 ' &Z " " &Z L s s ' ' ' 13 L3 ' ' L 

C, EIIICATION 
I. I tllrouall IZ • 51 or •r• 5 " " " " ' s 5 s s &3 L3 L3 s ' ' Z, II tllf'OIIIII IZ • 51 or Im ' L ' s & ' J,..., tire t ' 5 s 5 Ii 
4. eo11- - 51 or-· ' ·• L ' ' ' • L 
5. Col 1- - 51 or Ins ' " " " " L ' s ' s '3 L3 L3 ' ' L 

I. CWll(I FACILITIES 
I. httrehled & ' ' L L L s s s· 5 ,z &Z L3 ' ' ' Z. 1111r11rl11 - IIOlt-•letON ' ' L L L f t s f ,z &Z LJ & C C 

J. -·•torY & & L L L t • C t, &Z &Z L3 & ' L 
4. -1ta11 s s ' ' ' ' s s 5 s 5 s 5 ~ ' ~ 

E. IMZAIIOUS 
I, lllurdout I fl_.1, ttor- ' u L L • I & s s ' CZ L3 &Z s ' L 
z. L'ttl lllzerd. I fla. •tor--& s C , L3 & L I 
J. llood working feet.or-In ' 5 & t t f ' • 4. l1111lr lll'INI L & L CZ • " ' L 
s. Alrcreft L u L L I • & s ' L ' L3 LJ ' L I 

f. &EIEIAL COIIIIIC IAL 
la, Senlct ttltlOIII I IIOIIWltal 

wllllcl• ,tor• WINI L LS l5 LS LI I L s I s ' L L3 & ' L 
lb, Stor ... I ,arkl111 Of 

--v•lcln s ' C ' LI L ' s s s . &Z LJ LJ ' I ' z.. Mllolnalt 1tor'n I -·· ......... ' LS LS LS L L L ' ' L ' u LJ ' L I 
ZII. ltttll ttorn, IIICI, drlllk· , .... ,., ... ..., ... ' ' ' ' ' ' ' 5 ' &J ' ' ' L 
Zc. Office bl .... - low rlM ' ' ' ' ' ' ' ' 

,. 
' " ' 

L3 ' ' Zd, Office bl .... • 111111 rlM s ' Ii 5 ' ' s s s s ' s ' s I 
ZI, Prlllt •·• fector'ln, 

h1dntrl1I ,1111t1 ' LS LS LS L L ' L ' ' ' u ' ' L 
Zf, POiiet I flN 1tatl011t, 

CGallllCltlOII c:eatera s s s ' ' s s 5 s 5 5 s s 5 ' 2, • ..,. .. <•f'IIICY 
""' '" ttor--1 

s ' " " ' L ' s ' ' ' ' ' ' L I 
J. a,rcnn....,,,.,. .... , ___ 

L LS L L5 L L L ' L L ' L LJ L ' L 
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TASLE CS-5 continued 

-
CONPONENTS 

.! I I 
:r I' 

lr i i 
1.! i i j j .. .. j j 1 .. J ! .. J I .. .. .. .. .. 

i ;:: ! .. .. 
I:: - - I I .. .. I i i 

.. - ! ! :. l ".: i = .. ,: !i ii i ... .. 
.. I' ... 

I 
.. ... ... 

J.1 i .. i I t I I I 

OCCUPANCY ... - I I .. .. I I I I -l -I I! 
.. 1i! .. I~ .. fl .l 

.. ls ... . ... ... .. ... 
J! .. ~. J!~ • I' 1- ,. 

··! ' '! -~ ~ .. 
=; l :: - ~I -! -- :ii -· C C 

ii -• - .. - .. ~ ;; .. .. .. .. ~ .. .. .. ,._ 
.! I. .... ,. 

,/c ./c I .:a ".: ... .. ...... ... ... I ..... ... ... 
6.1 6,Z ,.3 ,., 7. I 1.Z I.I a.z 1.3 ,., ,.1 ,.z II.I 11.z 11,3 11.4 

A. ASSE•n 
I. Mlle AtttlblY • IN or .,, ' 5 L l s ' ' ' & L & L G 6 G l 

I. SP£CIAL ASSE•Y 
I. CliNII Air Stadl G & L l G l & G & l G l G 6 6 l 
Z, Sllwllll Ctltlrt & & & L 6 & & L ' • l I G l 6 • 

C. EIIICATICI 
I, It•,._ IZ • 51 or •re & & & & &S & & & & l L • & G & l 
z. II t.,_.. IZ • ~ or 1111 L L L4 • L ' • • L t • J. un tire & & & & I l L G I L 
,. eo11-• 51 or•• L L L4 • L • I • l • • 
5. co11- •Hor '"' ' ' L L ' u ' L & • I • I ' • 

I, COlfl•I FACILITIES 
I, ltltrelllld & & & L & u ' ' & L L I 6 L L I 
Z, lwllf'III • IIOl--1,to,y ' ' • ' ' L4 & ' G L & I f ' ' I 
J. AIINIIIWY ' ' • L ' u & ' ' L l I • • L • 4. llotlllt.111 !l !l ' ' !l ' !l !l !l !l ' ' ' 

E. IIAZAIIOUS 
I. lllzlrdov1 I fl ... 11 ttorlN s s L I s l L l ' L I • l l l I 
Z, Lffl lllurd, I fla, ttorlN I ' L I ' I 
J. llood 11trlll111 factorln ' f ' t 
4, lepelr ..,. ... ,I, • ' Ir • • , • 5. Alrernc ' s L I s l L L l I I I L L • I 

F. &E•IAL COIIIIIC IAL 
la. Senlet ,tat, .. I IIOlfltal 

,lfllelt StorlN llf'IIIH u u I I u l l l L I I I L L L I 
lb. Stor• I llltkllll ti 

_,_vwtlllclN ' I L L I L I C I L L I I L . I I 

Z.. llloltMlt ttorn I ... ,.,..,.... L • L I L L L L I I I L L L I 
211, null 1tor11, IICI, drlllk• 

IN I illtltll ..., 111 .. I I I I I L ' L C I L 
Zc. Offle1 bllillll, • low rltt I I ' I ' l L I I ' L 
2d, Office blillM, • Illa rlu s t II ' I I I ' L 

Zt, Prlllt •·• factorln, 
l11Mtrl1I ,1at1 I l L L I l I L L I L L I 

Zf, ,Ollct I fire 1tatl0111, 
coaalcatl• caters s I • ' I s s .s I & l I I l z, ....... (all'fllCY 
tWIIII •tor-) s s I I s l ' 

., I l l l ' I I L 
J, Alreran .....,,, .,. 

!!jl!!J.,_ u & l l ' L l L I I I I L L L I 
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TABl.E CS-5 continued 

COMPONENTS 

.. .!! - ! 
• i ~ i i 11 - ) :. i -;; i I .. - i - .. .. i ! ~ i I - 11 - 1 5 .. 

i I ~ - i I 
.. 

J ~ OCCUPANCY i I i .. 
I' - = I' •- l i i j i j 11 f ~ 

1i i ,; ,; ~ i i 1 .. 
i j ~ .. i ... .. ... ... ... ... ... .. 

1.1 Z,I z.z Z,3 u z.s 3.1 3,Z 3.3 3.4 •.1 •. z •• 3 5,1 5.Z 5.3 

&. SP£CIAL FACILITIES 
I, let pl•t1, flCtorln I IIOl't· 

•- 1111111 IIOIICGIIMtlblH 
111d IIOMOIOIIYH L LS L l L L L & L L & L LJ & & L 

z. L lftlllN feel lftllt, utll-
ltln, -r Dl•tl & LS L l & l & s & s & & & & & l 

N. IIOlfLS I APAITIIOO IIOISES 
I. Nottll, conw111t1, I 

IOllllttr I 11 & s & & & & s s s s s s 53 & s & 
z. AAlrtatllt1 • low rlM ' &I 51 Ill & & & s & & & " s & & L 
J. Apertatllts • 111111 rlM & s & & & & 5 s s & s s s & & l 

I. Dll£LLll&S 
I. hlll '1, lodt, lloul1t, slltdl L L L L • • & & L l & • • - - • 

J. IISCELlAIEOUS 
I. Prlwate 91r1911 L I • • • • L & L l L • • - - -

GENERAL NOTES: 
1. Occupancf es occupytng a mfnor s:,ortfon of another but ldfng sha11 not 

have any c~ent crtterta of a lower rating than the baste bufldlng. 
2. Where one c~ent f s sups:,orted by another, the support Ing c0111X)nent 

must have a performance 1 eve 1 equa 1 to or greater than the sups:,orted 
COll1X)nent. 

3. Where the co 11 apse of one c~nent can serf ous I y damage an adjacent 
COf1¥)01lent, the COll1X)nent w f th the s:,otent fa 1 for co 11 apse must have a 
performance level equal to or greater than the adjacent c0111X)nent. 
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TABLE C8-5 continued 

CONPONENTS 

I I 'I • • j j 

! - ) ) 'I 
1J i t I!: ! I • I ) j .. .. I • ! 
=i I .;: - ! : j .. .. 

~ I i i : i I i i I 
1.! • • .. .. 

ii .. I I ' ' ' ' • 
OCCUPANCY ..... i ' ' ' ' I ' -i -1 J II I! I 1~ I~ • i ii II i! i 

.. . .. 
~l .IE !! .. •J •~ ii 

_ .. 
j ~I' ll j -! !I ; ; ii sl - .. ;: l ~ .! I s 51 ·--· - ... 

,.1 6.2 ,.J , .. 7,1 7,2 1,1 1,2 1,3 1.4 ,.1 ,.z 11,1 11.Z 11.J IU 

I, SP£CIAL FACILITIES 
I, _let pl•t1, factorln I 1111rk• 

tllopl 1111111 MIICOllluttlblll 
Md IIOMDlotlffl lJ ' L L Ii L L L L L L L L L L I 

z. Llf1ll111 feellltln, lltll-
ltln, _, IIIMtl ' ' & & & ' s s s s ' Ii & Ii & Ii 

I. NOTUS I APAIITIIEIT NOISES 
I, Not1l1, convt11h, I 

IOMlttrlH ' li2 ' & 5 ' Ii ' & L ' L & Ii & L 
z. Aaartafttl - low rlH L ' L L ' L4 & Ii & L L I L l L I 
), Apel'tatltl - 11191 rlll Iii s L L s L4 ' ' & L L I & & & L 

I. MLLIE 
I. Dlltll't, locll, lloulu, tllldl ' L L L L I L L I I I I L L I I 

J. II SCELUIIEOUS 
I, Pr I vltt 91r1111 L L I I L I I I I I I I I I I I 

PERFORMANCE NOTESs 
I. Hay be reduced one level ff properly landscaped. 
2. Hay be reduced one I eve I If proper I y I ands caped and bu f 1 d f ng f s on I y 

one story. 
3. Hust be raised one level ff building Is more than three stories or 40 

feet high. 
4. Must be ra f sed one 1 eve I f f not I f ght we f ght; meta I frames must stay 

attached to bufldfng. 
5. Hust be rat sed one level ff but ldf ng f s In urban area; system must 

stay attached to bufldfng. 
6. Elevator does not need to operate ff buf ldtng Is less than 40 feet 

high. 
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Chapter 9 Collllentary 

WOOD 

9.1 REFERENCE DOCUNEMTS 

Unlike some structural materials such as concrete or steel, wood con
struction practices have not been codified In a form that fs standard 
throughout the country. Although heavy timber design practices gener
ally follow the National Design Specifications for Stress Grade Lumber 
and Its Fastenings (22NDS), thl s document does not specify either 
simple or critical construction practices. There Is a stml larlty of 
construction in l tghtwetght wood framing throughout the country, but 
there fs no single code of practice that 1s generally accepted. The 
closest approximation ts probably Chapter 25 of the Uniform Building 
Code. Other reference documents are listed in Sec. 9.l. 

It ts not Illogical to suggest that the framing practices specified In 
the UB~ document be used throughout the country since wfnd design often 
governs over earthquake design even fn highly seismic areas. The prac
tices used for earthquake resistance are fn large part those used to 
provide wind resistance. 

The general provisions of Chapter 9 specify the construction require
ments necessary to provide earthquake resistance although many are also 
related to gravity load resistance. Since these requirements are not 
covered In any COl11)arab 1 e doccinent except the UBC, they are f nc 1 uded 
here for clartty and completeness. 

9.2 STRENGTH OF NENBERS NI) CONNECTIONS 

Stnce the loadtng provtstons of Chapters 3 and 4 are based on a level 
of load rest stance at yield point whf le normal code timber stresses 
must consf der factors of safety, long-term deflection, etc., some 
adjustment must be made to tabulated stresses as given fn the reference 
documents. This adjustment has been set at 200 percent of baste work
Ing stresses w f th the strength of members and connect tons subject to 
se 1 sm t c forces act t ng a 1 one or t n comb 1 nat ton w I th other prescr f bed 
loads being determined using the appropriate capacity reduction factors 
given fn Sec. 9.2. 
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In the case of stee 1 , the correspond Ing po Int has been averaged at 
about 1.7 times the tabulated working stress limitations. In the case 
of concrete, the adjustment fs about 1.4. Capacfty reduction factors 
also are specified for steel and concrete. 

Wood has a variety of load factors and many of the accepted stresses do 
not have a constant relationship to an elastic limit or even an ulti
mate 1 i mi t. When determ f n i ng the factor for wood, cons i de ration was 
given to the time effect of loadfng, the normal varfabllfty fn 
strengths as related to both wood density and defects, and manufacture. 

9.3 SEIS"IC PERFORMNCE CATEGORIES A AND B 

Buildings assigned to Categories A and Bare requfred to meet minimum 
constructfon as required wfthout consideration of selsmfc forces except 
for anchorage of concrete or masonry walls to floors and roofs as 
speclffed fn Sec. 3.7~6. 

In many parts of the United States where recent editions of the UBC are 
not used, minimum wal 1 bracing is required for wood frame bui ldfngs 
three stories In hefght to prevent racking. These are similar to the 
Federal Housing Administratfon's (FHA) N1n1mum Property Standards. One 
conmon form of bracing has been omitted fn these provisions: let-in 1 
by 4 or 1 by 6 diagonal bracing members. The original tests for this 
type of bracing were reported by the U.S. Oepartment of Agriculture's 
Forest Products Laboratory In 1929; however, fn those tests the let-In 
bracing was combined with horizontal timber sheathing boards. The San 
Fernando earthquake demonstrated that the expected strength of wa l l s 
with let-in bracing is greatly reduced when sheathing boards are not 
used. 

9.~ SEISMIC PERFORNANCE CATEGORY C 

Buildings assigned to Category C construction are required to meet re
quirements that are somewhat more restrictive than those for Categories 
A and B. Materials (e.g., screws, lag screws, fiberboard diaphragms, 
eccentric timber Joints) and practices that have performed poorly in 
past earthquakes are regulated. 

9.5 SEISMIC PERFORMNCE CATEGORY 0 

The additional requirements for buildings assigned to Category D corre
spond roughly to the requirements for ordinary construction In highly 
seismic areas of the United States. Only timber or plywood rated 
sheathing diaphragms are permitted and the other related materials are 
limited for bracing purposes to the top floor of a tlnt>er building. 
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The lack of adequate cyclfc or dynamic test data on sheathing materials 
other than wood and plywood and the observed poor performance In past 
earthquakes of structures utl l lzlng sheathing material for lateral 
resistance dictates that there be I fmlts on the appl lcatfon of these 
materials. Recent dynamic testing of gypsum wall board sheathed panels 
has confirmed that the strength of this material degrades. 

9.6 SEISttlC PERFORttANCE CATEOORY E 

The requirements for buildings assigned to Category E further restrict 
the use of plaster, gypsum, particle board, wallboard, and fiberboard 
as bracing elements and require blocked diaphragms. These requirements 
apply only to those essential fact l ltf es In areas with the highest 
seismic exposure In the United States. 

The greater need for reliable performance of structures In this cate- I 
gory requ I res that pane 1 mater I a 1 s be rest r I cted to those for wh I ch 
there Is adequate knowledge of behavior under dynamic loadings. 

9.7 CONVENTIONAL LIGHT Tl tlBER OONSTRUCTION 

Conventional light timber framing consists of light framing where sizes 
of studs, Joists, and rafters are generally determined from tables and 
construction details are based on conmon practice possibly modified by 
local building codes or FHA ft1n1mum Property Standards. These build
ings are often sheathed with non-timber materials such as plaster, 
sheet rock, particle board, or other similar materials. Lateral resis
tance to wind or earthquake Is usually not calculated but Is determined 
by empirical rules such as are noted In Sec. 9.3.1 and 9.7.2. 

9.8 ENGINEERED TINBER OONSTRUCTION 

Engl neered construction Includes timber framed but ldl ngs where loads 
and forces are calculated and the required resistance Is provided 
accord Ing to the tested or des I gned capac I ty of the .res I st Ing e 1 e
ments. Special requirements ( Including those for torsion) are given 
for all types of shear panel construction Including diagonal sheathing, 
plywood, and other materials. 
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10.1 

O\apter 10 r.a..entary 

S'TEEL 

REFERENCE OOCUttENTS 

The reference documents presented in thfs section are the. current 
standard specificattons for destgn of steel members and their connec
t I on s I n bu i 1 d I ngs as approved by the Amer I can Inst I tute of Stee 1 
Construction (AISC), American Iron and Steel Institute (AISI), and the 
Steel Joist Institute (SJI). 

10.2 STRENGTH Of ttENBERS AND <XN£CTIONS 

The mod I ff cat Ions to standard spec If I cat Ions necessary to make them 
compat I b 1 e w I th the des I gn requ I rements of Chapter 3 and the force 
levels specified tn Chapters 4 and 5 and ·those made to minimize poten
tial brlttle modes of failure are specified. · Capacity reduction fac
tors are provided so that In the future exp I t cft determination of 
member strength factors can be expedited. The modlffcatfons only 
affect designs Involving seismic loads. 

The capac I ty reduct I on factor of O. 9 for members and connect Ions was 
selected primarily to account for uncertainties In design.and construc
tion. Connections of members have generally been a critical element In 
fal lures during past earthquakes. Therefore, a capacity reduction 
factor of 0.~7 was Introduced to Increase the capacity of those connec
tions that do not develoP the full strength of the meat>er. A • factor 
of 0.8 was selected for partial penetration welds subjected to tension 
stresses because there has been 1 fttle experience with this type of 
connection In past earthquakes. 

It frequent 1 y has been found that opt I mum performance t s obta i ned I f 
connect Ions f u 11 y deve 1 oP the mt n I mum capec I ty of the ment>ers of the 
seismic resisting system framing Into a joint. Somewhat brittle-type 
fal lures have been observed when the capacity of connections are 
reached .before that of the member. In order to provide a greater than 
usual margl n of safety on braced frame connections, SEAOC (197~) 
recommends that connections be sized without consideration .of the 
one-th I rd Increase In allowable stress usually permitted unless the I 
member capac f ty f s f u 1-1 y deve 1 oped. Th I s concept I s extended to moment 
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frames by providing the same conservatism for moment frame connections 
as for braced frame systems. 

It has been demonstrated by tests that a moment connection composed of 
welded flanges with a bolted web connection designed to carry the shear 
can develop the plastic capacity of steel sections (Huang et al.,1971 
and 1973; Regec et al., 1972; Rentschler and Chen, 1973, 1974, 1975, 
and 1976; Parfitt and Chen, 1974; Popov and Stephen, 1970.) 

When design Ing the connect I on to fu 11 y deve 1 op the member, the 
strengths of the connect Ing parts are determl ned using the factor 
increasing the allowable stress that Is given In Sec. 10.2. 1. This 
may create a step function In determining strengths. However, In 
design, a decision Is made lnftfal ly on whether or not the member 
strength will be developed so that the step should not create a design 
problem. 

10.2.1 Structural Steel 

Modifications are given for Ref. 10.1 (AISC specifications). 

10.2.1.1 Load Combination 

The load effects determf ned from the load comb I nations specified f n 
Sec. 3. 7. 1 are requ I red to be equa 1 to or 1 ess than the actua 1 
strengths of members and connections. The allowable stress levels 
specified In Part 1 of Ref. 10.1 do not Identify this condition and are 
not appl I cable. It Is assumed, unless specfffcal ly described other
wise, that the strengths are linear, elastic allowable stresses modi
ff ed to meet the e 1 ast I c 11 m It of the structure. The des I gn for the 
cont>lnatlon of dead and live loads and Impact, If any, Is not modified 
from the current specifications. Information leading to the determina
tion of member and connection strengths was being developed but was not 
yet available when these provisions were originally drafted. The LRFO 
Des I gn Spec If I cat I on was pub 1 I shed In 1986 and Is referenced In the 
1988 Edition of the Prov1s1ons. Material fn the "Appendix to Chapter 
10" provides the means whereby the LRFD specification (Ref. 10.6) can 
be used to modify the provisions of Chapter 10. For use of the elastic 
design specification, a modifier of 1.7 and a capacity reduction factor 
of • = 0. 9 on work Ing stress va 1 ues were chosen after a rev I ew of a 
number of Items such as: 

• The margin of safety between the yield strength and allowable 
stress of short columns. 

• The margin of safety between the yield strength and allowable 
tensile stress. 
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• The marg f n of safety of CQf1'>ress f on members, wh f ch var f es 
between 1.7 and 1.9 (Ref. 10.1; Johnston, 1976). 

• The fncrease permitted on connecting devices In Part 11 of 
Ref. l O • 1 , wh f ch f s l • 7 (Ref. 1 0. 1 ) • The actua 1 marg I n of 
safety fs often higher (Fisher and Strufk, 1974; Galambos and 
Ravfndra, 1976). 

10.2.l.2 Euler Stress 

Since the level of design Is the same as contemplated fn the deflnftfon 
of Pe on Page 5-60 of Ref. 10.l, the 12/23 modifier of Fe fs removed. 

10.2. l .3 Member Strength 

Praport f on Ing members of se Ism f c res I st f ng braced frame systems of a 
bufldlng that has been designed by plastfc analysts for gravity loads 
should be based on the strength of members as specified In Part 2 of 
Ref. 10.l. However, the analysts should be based on the elastic anal
ysis described fn Sec. 3.1 of the Provisions. Thus, the current refer
ences to plastic analysis methods and the load factors are not u~ed. 

10.2.1.4 Shear Strength 

The allowable shear stress specfffed In Sec. 1.5. l .2 of Ref. 10. l Is 
0 • 40 F y • When ·mu 1 t f p 1 f ed by 1 • 7 , the va 1 ue becomes 0 • 68 F y- Th I s f s 
hfgher than the 0.55 Fy given In Sec. 2.5 of Ref. 10.1 and the 0.60 Fy 
given In Sec. 10.2.1.4. This difference Is discussed In the conmen
tary of Ref. 10.l. The value given In Ref. 10.6 Is 0.60 Fy-

10.2.1.s P-delta Effects 

Th Is sect I on prov I des mod I fl cat I on to the Interact I on equat f ons when 
the P-delta effects ar~ explicitly determined In conformance wfth Sec. 
4.6.2. In columns, the reductions given to the allowable stresses are 
In part a result of the consfderatfon of member P-delta effects. These 
P-delta red~ctions are modlffed In Ref. 10.l by a K factor that Is a 
recognftlon of the effect of end restraint In the rnent>er P-delta rela
tionship. In beam-columns, the P-delta effect also Is considered as an 
I ncrease ( or decrease) to the moments at the end of the co 1 umns ex
pressed as a function of (Ref. 10.l; Johnston, 1976; Galambos, 1968): 

Cm/1 = f 8 /F~. 

The bases for the va 1 ues of th Is rat Io In braced systems are we 11 
documented. The selection of the value of Cm fn unbraced frames was an 
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The bases for the va 1 ues of th Is rat Io In braced systems are we 11 
documented. The selection of the value of Gn in unbraced frames was an 
approximation applicable primarily to designs where significant applied 
horizontal forces are not present. Since the advent of computer 
analyses, the solution of the secondary effects resulting from deflec
tion has become much easier. In most cases, with significant horizon
tal force displacements (but limited by drift requirements) the first 
Iteration of deflection Is sufficient. It ts possible that some 
ment>ers, such as weak axis columns depending on end support conditions, 
may have critical stress occur at the mldstory rather than the column 
ends. Thus, the stress limits specified for braced frames should not 
be exceeded. 

10.2.2 Cold Fonaed Steel 

The a 11 owab 1 e stress 1 eve 1 s for co 1 d formed and sta In 1 ess stee 1 s of 
Ref. 10.2 and 10.3 are not applicable to the force levels In the earth
quake analysis specified In Chapter 3. As an Interim measure the 
strengths of the ment>ers governed by these provisions are determined 
using basic stresses Increased by 1.7 and using+= 0.9. 

Three approaches for determining the strength of steel deck dlaphragns 
have been Included. This was done to clarify the use of the steel deck 
diaphragn + factor In the strength method of this chapter. 

10.2.3 Steel Cables 

The allowable stress levels of steeJ cable structures specified In Ref. 
10.6 are modified for seismic load effects. The value of 1.5 T4 was 
chosen as a reasonable value to compare with Increases given to other 
wdrklng stress levels. 

10.3 SEISMIC PERfORttAHCE CATEGORIES A AND 8 

No special requl rement's for se1smlc design of buf ldl ngs assigned to 
Category A or B were deemed necessary. 

10.4 SEISMIC PERFORNANCE CATEGORY C 

Detail requirements for buildings assigned to Category Care given. 

10.4.l 

Where moment resisting frame systems are used for the seismic reststlng 
system, they must be Ord I nary "°'11ent Frames as a ml nlmum. Ordinary 
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Moment Frames are assumed to respond to the design earthquake by re
qui rfng a 1 lmited amount of nonlinear behavfor. For this type of 
moment frame, proportioning of members and their connections is based 
on the requ I rements of the referenced spec i ft cat Ions as mod I ft ed by 
Sec. 1 O. 2 for mak Ing work Ing stress values compat f bl e wf th set smf c 
design. For these types of frames no change Is prov I ded to 1 oca 1 
buckling criteria In Appendix C of Ref. 10.1 and In Ref. 10.2 and 10.3. 

10.4.2 Braced Frames 

Braced frames must conform to Ref. l O. 1 , to Ref. 1 O. 2, or to Ref. 
10.3. The connection requirement assures a minimum of ductility. The 
requ f rement for equ Iva 1 ent strengths In opposing d f rect ions protects 
against progressive inelastic deflections accumulating in one direction 
that could lead to stabflfty problems. 

10.5 

10.5.1 

SEISIIIC PERfORNANCE CA1£00RY D 

ttoaent Fraes 

Where a moment resisting frame system is used as the seismfc resisting 
system ft must be a Special Moment Frame as specified f n Sec. 10. 7. 
An exception fs · made permfttf"ng Ordinary Moment Frames for one- and 
two-story but ldf ngs. Thf s exception fs based on the generally good 
experience record of such bufldfngs durfng earthquakes. 

Minor structures and structures wfth light metal or wood cladding de
signed without special requirements for nonlinear ductile behavior have 
performed well even during strong earthquakes. However, major struc
tures fn areas of hfgh selsmiclty and those mfnor structures housing 
emergency occupancies should be provided wfth the ful 1 provisions for 
I ne 1 ast i c performance spec I ff ed by Sec. 10. 7. A major structure In 
this instance fs defined as a bulldfng over two stories. It Is con
ceivable that some one- and two-story structures should be considered 
major structures and that some bui ldlngs of four or ffve stories, 
part I cu 1 ar 1 y those w I th 1 I ght f 1 ex f b 1 e c 1 add I ng, shou 1 d not be c 1 as
s I fled as major structures. Some judgnent and leniency should be 
exercised In enforcing the two-story I Imitation. 

10.5.2 Braced Fran 

I 

Special details are required for efther concentrically or eccentrically I 
braced frames. The details are specified In Sec. 10.8 and 10.9. 

• 
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10.6 

10.6.1 

SEI SNI C PERFORMNCE CAlEOORY E 

ttaaent Fraaes 

Where a moment resfstfng frame system fs used as the sefsmfc resisting 
system, It must be a spec I a I moment frame as spec I fled 1 n Sec. l O. 7. 
An except I on I s perm t tted for one- story bu f 1 d I ngs for wh f ch ord I nary 
moment frames may be used. 

10.6.2 Braced Fraaes 

Concentr I c braced frame systems may on 1 y be used as part of a dua 1 
system. Special detaf ls are required for either concentrlcal ly or 
eccentrf cal ly braced frames. The detaf Is are specified In Sec. 10.8 
and 10.9. 

10.7 SPECIAL IOENT FRANE REQUIREMENTS 

Structures havfng Special Moment frames designed to meet the require
ments of Sec. 10.7 are Intended to have the capability of significant 
nonlinear deformation. The sizing of members ts based on the limit of 
an elastic model as specified In Sec. 3.1. The non.I fnear capabl l lty Is 
provided by meeting the special requirements In thfs sectfon. 

I 10.1.1 

The statement regardfng "P Is added to the speclffcatfons so that It 
can be used to defl ne the fl exura 1 strength of a f rarne ment>er. Th Is 
deffnftfon of strength Is obviously not the elastic limit of the ment>er 
but, as a consequence of strain hardening, ft Is felt to be a 
reasonable 1.fmlt to represent the pat nt at whl ch the frame as a whole 
wt 11 start to substantfal ly deviate fr0111 1 fnear respanse. The fact 
that the mean yield strength of the material ts fn excess of the mfnf
mum specified yield strength also supports this design concept. 

I 10.1.2 

For this type of · moment frame the steels to be used are 1 fmlted to 
those whose properties are slml lar to the steels used tn tests to 
demonstrate the nonl I near behavior of structural ment>ers and joints 
(Lehigh University, 1967-19761 Popov and Stephen, 1970; Popov et al., 
1975; ee·rtero et al., 1973; Krawlnkler et al., 1971; Becker, 1971). 
other steels exhibiting similar ductility and strain hardening charac
teristics such as those listed also would be appropriate. 
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10.7.3 

Sec. 2.3. l of Ref. 10.l Is deleted as not applicable to unbraced 
frames. The maximum axfal load on columns of 0.6 Py for Special Moment 
Frames f s prov f ded to reflect the reconmendat f ons from recent tests. 
The upper lfmlt for the axfal forces Is lowered from 0.75 Py, as speci
fied fn Sec. 2.3.2 of Ref. 10.l, to 0.6 Py for two reasons: 

• The uncertainties Involved fn predicting the maximum axfal 
forces that can be Induced durfng a severe earthquake are so 
great that it f s conven f ent to be more conservative than in 
case of design for standard loadings. 

• Columns fn a moment resfstfng frame system (ductile or nonduc
t i 1 e) excited by severe earthquake ground mot ion can be 
subjected to cycles of inelastic moment reversals. 

Test results (Popov et al., 1975) have shown that when a column is 
under a constant axfal force p ~ 0.6 Py and fs subject to reversals of 
moments inducing yielding, local bucklfng develops in the columns 
during ffrst reversal of Inelastic moment and, when this occurs, the 
axial force cannot be maintained. 

10.7.4 

The actual location of pofnts of tnflectfon In columns when the frame 
fs deforming nonl f nearly Is not known. Thus, the shear and moment 
requirements at a column spl fee are dlfff cult to accurately access. 
The use of part I a 1 penetrat I on we 1 ds for co 1 umn sp 1 ices produces a 
point that could result fn a brittle-type frame failure If the level of 
stress Is critical at any tfme during the response of the frame. In 
order to provide a conservative guide to the determination of when par
tfal penetration welds can be used, the following criteria are provided 
by the provisions: 

1. A conservative estimate of Joint moment capacities Is requfred 
assuming the y.leld of the crftfcal sections at the Joint are 
125 percent of the minimum specified yield strength; 

2. The potentfal movement of the point of inflection within the 
column hefght Is determined by assunlng that one column Jofnt 
fs stressed to one-half of Its plast'fc capacfty and the other 
Joint fs stressed to Its full plastic capacity; and 

3. The ef feet of vert f ca 1 acce 1 erat f on f s cons f de red by us f ng 
the load combinations of Sec. 3.7.1. In some cases columns do 
not have a pol nt of fnflectfon within a story height. For 
these cases ft could be unconservatlve to design the splfce to 
c011¥)ly only wfth cases 1 and 2 above. Thus, ft Is ~hasfzed 
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I 10.1.s 

that the 1 oad effects resu 1 t f ng from the 1 oads specif fed In 
Sec. 3.7.1 also should be considered. 

In addition to the shear stresses resulting from the elastic analysts 
of the system under the specified loads, shear stresses should be 
determined based on the assumption that the full flexural strengths of 
the e 1 ement s are reached through non 1 f near d I sp 1 acement of the frame 
members. The critical sections may be either fn beams or In coll.lTlns. 
Frequently this may be only a nominal change In the shear design re
quirements. It ts felt that the shear requirements should be consis
tent with the actual response of the frame to the design earthquake. 
If the members are oversized, the actual inelastic displacement of the 
frame will not be the same as assumed when assigning the load modifiers 
i n Sec. 3. 7. 1 • The resu 1 ting Increase in the design shear can be 
s i gnl fi cant. 

Research has been performed on beam-column Joint panel zones and meth
ods have been proposed for determ In i ng the pane 1 zone shear capacity 
with and w I thout shear re I nforcement (Becker, 1971 ; Bertero et a 1 • , 
1973; Krawlnkler et al., 1971). Panel zone shears frequently have been 
determined assuming the Joint moments equal to the sum of the beam (or 
columns) moment capacities on each side of the Joint. This Is a simple 
and conservat I ve method of determ In Ing parie 1 zone shears but usua 11 y 
results fn excessive reinforcement requirements. However, it usually 
is not possible to develop this Joint moment on the frame before total 
frame f nstabf 1 tty occurs. Also formation of hinging by shear In 
restricted areas may provide stable nonlinear response. In most cases, 
the prov i s Ions of Sec. 1 0. 7 perm ft reduct I on In the amount of ref n
f orc ement requl red when an approximate frame analysis fs made with 
deflect Ions tw f ce those determ I ned us Ing the prescr I bed forces. The 
factor of 2 Is arbitrary but would provide elastic panel zone response 
we 11 beyond the deformat Ions represented by the des I gn forces at the 
elastic limit of the structure. 

I 10.1.6 

Connect Ions usua 11 y shou 1 d be des f gned to deve 1 op the Jo Int capac I ty 
rather than the cqnnectfon stresses resulting from the effects of the 
specified earthquake loading. This ts to ensure that ductile behavior 
will occur fn the members. Connections could be devised, however, to 
be capab 1 e of prov Id Ing adequate non l I near response In themselves. 
This should be demonstrated by proper analyses or tests. 
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10.7.7 

Sec. 2.9 of Ref. 10.1 Is modified to delete reference to plastic design 
procedures for design of the seismic resisting system so as to be in 
conformance with the requirements for an elastic analysis as specified 
in Sec. 3. 1. 

10.8 CONCENTRICALLY BRACED FRAME REQUIRENENTS 

Braced frames are divided into two basic types, concentrlcal ly and 
eccentrically braced frames. Eccentrically braced frames are described 
in Sec. 10.9. The provi slons of Sec. 10.8 apply to concentrlcal ly 
braced frames In Seismic Performance Categories o· and E. 

Duct I 1 e energy d I ss f pat I on by means of revers f b 1 e f ne 1 ast f c 1 atera 1 
distortions is the basic Justification for seismic design based on 
design forces factored down from those expected In a structure that 
responds In a fully elastic manner during a strong earthquake. Braced 
frames have a 1 Im i ted capacity for revers f b 1 e I ne 1 ast I c distort Ions. 
Inelastic axfal stretching and shortening of slender members results i~ 
a residual elongation of the members. Inelastic axfal stretching and 
shorten f ng of more stocky members f s revers I b 1 e up unt f I sign if I cant 
compress I on buck 1 f ng takes p 1 ~.ce. Tests ( Popov and BI ack, 1961 , and 
Jal n, Goe I, and Hanson, 1980) show that after buck 1 t ng, an axia 11 y 
loaded ment>er loses compression capacfty·wlth repeated Inelastic load 
cycles and does not return to Its original stralghtllne position. 

It I s for these reasons that braced frames are a 11 owed for ta 11 or 
special buildings In the higher Seismic Performance Categories only as 
part of a dual system. In addition to this 1 Imitation, the bas I c 
design force fs higher than that of a ductile moment frame system due 
to the difference In the R factors. 

Brae f ng members are occas f ona I I y used w I th f n moment res I st f ng frame 
systems to contro I dr I ft. The des f gn of the moment res I st Ing frame 
system must consider the presence of the bracing as well as its poten
tial failure as required by Sec. 3.3.4. In addition, the bracing and 
the members connected to the bracing must be designed to satisfy the 
provfsfons of thfs section. 

When an axially loaded brace buckles fn compression, bowing out of 
line, several things can happen: 

• The 1 oad capac f ty of the buck 11 ng brace drops, causing the 
tension acting brace to take more load--if there fs resistance 
to the tension. 

• The bow f ng of the member may rotate the ends of the brace 
excessively at -the connection causing local failure. 
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• The bowing causes local buckl Ing failure near mid-span of the 
brace. 

• Out-of-plane bowing of the brace can cause nonstructural 
faf lure in the brace encasement. A difference of 20 ksl 
between opposing compression acting and tension acting braces 
25 feet long causes a bow of about 3 inches. 

• The building displacements become one-sided without balanced 
bracing. 

• The building becomes less stiff due to the elongation of the 
brace through tension yielding. 

It fs obvious that In tension rod "X" braced industrial buildings 
without rigid walls only Item 1 of the effects of brace bowing Is of 
serf ous consequence. However, for conmerc i al bu i l dings, a 1 l of the 
above effects are serious. Low L/r ratios and low stresses will reduce 
or prevent brace bowing. But rotation of rigid brace end connections 
and local buckling fracture of brace elements (tube walls and stitched 
ang 1 es) need to cons Ider the 1 atest test I nformat f on--wh f ch was not 
debated enough by the BSSC conm f ttee work f ng on these prov Is Ions for 
inclusion In the 1988 Edition. Designers should consider the latest 
physical test results. Analytical test results need to be considered 
with caution because of the modeling assumed. 

A bracing system with brace members connecting to columns between floor 
l eve! s Is undesl rable for sel smlc rest stance. Deformations of the 
bracing system due to tensile yield and/or buckling may cause lateral 
deformations of the connected column sufficient to cause column buck
ling and subsequent collapse. 

10.8.l Bracing ltellbers 

In the post-buckling range, the compressive strength of axially loaded 
members deteriorates and the hysteresis loops take on a severely 
pinched shape (see Figure Cl0-1). Braces with small l/r will dis
sipate more energy because In the post-buckling range they wfll undergo 
eye l I c I ne 1 ast I c bend f ng that s 1 ender braces w I l 1 not. Very s 1 ender 
braces have almost no stiffness while they straighten out from a 
buckled configuration and In the straightened configuration (tension) 
pick up stiffness very rapidly. 

Unfortunate 1 y, the cho Ice of a brace w I th a sma 11 L/r Is not al ways 
Idea 1 e I ther. Such braces undergo eye 1 I c I ne 1 ast I c bend Ing In the 
post-buckling range. The curvatures associated with this cyclic 
Inelastic bending may be very large and local buckl Ing has to be 
expected. This local buckling may be severe and may lead to localized 
kinking of plate elements that, In turn, may cause crack propagation 
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Cycl le response of an axtal ly loaded elalleflt 

(Zayas. Papoy. and Nahtn. 1980). 

Sec. 10.8. l 

and fracture. Such fracture has been observed rather early in tests of 
tubular bracing ment>ers. It fs noted that thfs characterfstfc Is 
1 I ke,!)L more prevalent In square tube braces. Thus, the new I fmft of 
90/JFy has been fmposed for walls of rectangular tubes. Consideration 
should be gfven to fllllng tubes with concrete or using other means to 
lnhfblt local buckling. 

The purpose of the lateral force distribution provision Is to require 
nearly equal strength bracing fn opposed df ·rectfons on every l lne of 
bracing (or at least on closely adjacent lfnes). This Is to prevent an 
accumulation of f nelastfc deformations fn one direction only (the 
"ratcheting" effect). 

Sf nee Appendix C of Ref. 10.1 provides for reduction of allowable 
stresses for elements that exceed the permftted width-thickness ratios, 
It clearly should not be appl led to elements of members that are 
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expected to exceed allowable stresses. Thus, the limits of Part 2 of 
Ref. 10.1 are applied. 

The i ntegr I ty of a brace in the post-buck l Ing range requ I res that 
buck 1 I ng of I nd i v I dua I segnent s between st itches be prevented. Con
s Ider i ng that the buckled brace may take on a sfgnfficant curvature and 
that end restraints are often neglected fn the calculation of Kl/r for 
the brace, ft Is necessary to reduce the s 1 enderness ratio of f nd 1-
v f dua 1 segments to a value lower than that for the brace as a whole. 
Note that the reference here ts to l/r rather than KL/r. Rigid shear 
transfer must be provided across stitches so that the shears associated 
with the curvature in the buckled brace can be transferred across the 
stitch without slip. Welded stitches are reconmended. Machine bolted 
stitches should not be used. 

10.8.2 

frames w f th chevron brae f ng or vee brae Ing exh 1 bf t two prob 1 ems that 
set them apart from other braced frames 1 n wh t ch both ends of the 
braces frame Into beam-cohnn Joints. First, once one of the braces 
buckles, large vertical deflections will occur In the floor system at 
the joint within the beam span (Figure Cl0-2). Second, the post-buck-
1 f ng strength of the bracing system may deteriorate signfffcantly 
because the tens f I e force that can be developed In the tens f on brace 
can exceed the decreas f ng post-buck 1 f ng strength of the c011')ress f on 
brace only by the addftfonal force necessary to cause hfngfng of the 
floor beam. Thfs force wfll be nfl unless the beam is at least con
tinuous from column to col~. Thfs addftfonal force can be made 
larger by Increasing the size of the beam and by making the beam-to
column connection a moment resfstfng connection. 

Fl<IJRE CI0-2 
Chevron bracing In post-buckling stage. 
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Once a brace In a chevron or vee system buckles, ft will not straighten 
out fully under load reversal, the opposite brace will buckle at load 
reversal, and the story shear resistance of the bracing system will be 
governed by the post-buckling behavior of the two opposed braces. The 
consequence will be a deteriorating story shear-story drift relation
ship like that shown In figure Cl0-3. The only reason why the rela
tionshfp tn figure Cl0-3 does not exhibit more rapid deterioration is 
that tn the test structure, from which this relationship was obtained, 
the chevron bracing system was surrounded by a ductile moment resisting 
frame that provided a considerable portion of the shear resistance once 
the bracing had buckled. 

10.8.3 
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FIGURE CI0-3 
Story shear-story drtft dtagra. for a fra111e structure 
with chevron bracing (WIii lace and Krawlnkler. 1985). 

Colmns 

l t t s important to prevent unant I c i pated y i e 1 d f ng or buck 1 t ng from 
occurring tn columns o~ braced frames fn order to prevent serious gross 
stab f 1 f ty prob 1 ems for the structure as a who 1 e. Thus, the des f gn 
force for columns must be a realistic estimate of the maximum forces to 
which they might be exposed. The real capacftfes of bracing members, 
not the design force, must be used. 

10.8.4 Brae Ing Nellt>er Con.,ect I ans 

l n a severe earthquake, the force demand on a brace f n tens f on is 
expected to exceed the brace tensile yield strength. ln order to avoid 
brittle fat lure at the brace connections, the connections must be 
designed to develop the tensl le yield strength of the brace. These 
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same mlnlrwm strength requirements also apply to the beam connections 
that are part of the bracing system. 

For bo 1 ted connect Ions, the prov I s Ions of the LRFD spec If I cat I on are 
followed for the net area requirement. 

The requirement for clear end distance In a gusset plate connection ts 
Intended to permit rotat f on of the end of the brae i ng member due to 
out-of-plane buckling without generating large and damaging stresses in 
the gusset plate. The point on the gusset to which clear end distance 
i s measured Is not the end of the gusset but a 1 I ne connect Ing the 
points at wh I ch res I stance to out-of-p 1 ane bend Ing of the gusset Is 
restrained. 

10.9 ECCENTRICALLY BRACED FRANE REQUIREMENTS 

The eccentric braced frame (EBF) fs credited with ductflfty similar to 
that of the special moment resisting frame (SHRF) and has many special 
provisions Intended to ensure that ductility. 

Recent research has shown that this type of frame can have the ductile 
properties to perform In a manner similar to ductile moment frames ff 
ft f s deta f 1 ed for duct f 1 e I ne 1 ast f c eye 1 I c performance. Chapter 3 
gives thfs frame a new classlffcatfon with fewer use 1 fmftatlons and 
reduced design forces to be used with a- new set of very detailed 
requirements Included In this sectfon ( 10.9). The detailed require
ments are intended to ensure good Inelastic cyclic performance. 

An EBF Is a braced frame with at least one end of each brace Intersect
Ing a beam, eccentric to the beam intersection with the column or the 
opposing brace. The sect I on of the beam between oppos Ing braces, or 
between a brace and beam-column Intersection, Is cal led the "1 f nk 
beam" and fs the element of the frame counted on to provide Inelastic 
cyclic yielding. 

The design Intent of the eccentric braced frame, In contrast to that of 
the concentr I c braced . frame, I s to prov I de a duct f 1 e I Ink where the 
structural system will yield in lieu of buckling of Its braces when 
such frame experiences dynamic loads In excess of Its elastic strength. 
The Integrity of this system depends on the requirement that the braces 
have a des f gn strength that f s at 1 east 50 percent greater than the 
strength at which the 1 Ink beam begins to yield. This precludes 
potent fa 1 buck 1 f ng of the braces and promotes a control 1 ed f ne 1 ast I c 
deformation that Is capable of significant energy absorption. 

The rotat I on demand on the 1 I nk beam f s a mu 1 t I p 1 e of the I atera l 
rotation (or drift) of the. frame as a whole, a multiple (rotation 
factor) that ts related to the geometry of the frame. Since most link 
beams are short enough to cause shear y f e 1 d Ing w f th I arge rotat I on 

216 



Sec. 10.9/Sec. 10.9.2 

factors, most of the EBF research at the Un f vers f ty of Ca 11 forn ta at 
Berkeley (UCB) has tested the cyc1 f c fnelastf c capacity of the 1 tnk 
beams with shear yielding at large rotations. Host of the provisions 
In Sec. 10.9 are concerned with 1 tmitfng the 1 f nk beam shear yield 
rotat I on to 1 ess than the test rotat Ions and requ fr f ng deta f 1 s that 
tests Indicate are necessary to ensure ductile rotation capacity. 

It has been known from many moment frame pane 1 zone tests that shear 
y f e 1 d f ng f s very duct f 1 e and that the f ne 1 ast t c shear force capac f ty 
based only on beam web shear area greatly underestimates the web-p1us
flange Inelastic shear capacity. However, the lfnk beam shear yield 
rotat I on demands are much greater than pane 1 zone demands, and the 
panel wfdth to depth ratios are different. It was found that where the 
ratio of the web thickness to the sum of the wfdth plus depth dimen
sions of the beam panel exceeds about 90, web buck1fng reduces the beam 
f ne1astlc cycl le shear capacity. Therefore, based on tests at UCB 
( HJ e 1 ms tad and Popov, 1983) , sever a 1 prov is f ons spec I fy requ f rements 
for web stiffeners. 

Host of the detailed EBF provisions have been developed by SEAOC, based 
on the reconmendatlons of Professor Popov at UCB and on hfs fnterpreta
t f ons of the EBF research conducted at UCB ( Kasa f and Popov, 1986; 
Popov, Kasaf, and Engelhardt, 1987). 

10.9.l 

Link beams are the fuses of the eccentric brace structural system that 
are to be p 1 aced at locations that wt 11 preclude buckl Ing of the 
braces. A lfnk beam must be located at least at one end of each brace. 

Compact sections meeting the more restrictive flange width to thickness 
ratfo of 52/.JF; are required for the beam portions of eccentric braced 
frames· In order to provide the beams with stable Inelastic deformation 
characteristics. The same requirement Is used for the beams of special 
moment resisting space frames. 

10.9.2 

The prohibition of 1 fnk beam web doubler plates was required because 
tests (Becker, 1971, and Popov, 1980) have shown that they are not 
fully effective. Performance of eccentric braced frames relies heavily 
on the predictability of the strength and strain features of the lfnk 
beam. It ts considered not advfsab1e to complicate the behavior of the 
link be1;111 by allowing holes within ft. 
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10.9.3 

A 1 f nk beam f s cons f dered to be ba 1 anced between shear y i e 1 d f ng or 
moment yielding when the 1 fnk beam length equals 2.0 Hs/Vs- A 1 Ink 
beam of 1.6 Hs/Vs or less in length ts considered to be a short 1 ink 
whose post-elastic deformation is control led by shear yielding. 
Conversely, a link beam ~hose length exceeds 2.6 Hs/Vs is considered to 
be controlled by flexural yieldfng. 

The ductility of an EBF ts controlled by the Inelastic rotation of the 
1 ink segment relative to the rest of the beam. Tests (Roeder and 
Popov, 1978) have shown that when controlled by shear distortion, link 
beams with rotations of 0.10 radians performed adequately. 

The lfnk beam rotatfon limit for short links was set at 0.08 radians. 
At this level of short lfnk rotation, floor damage is believed to be 
smal 1. 

The use of long lin~s with lengths greater than 2.6 Hs/Vs has not been 
tested directly in EBF configurations. The rotational ltmft was 
conservatlvefy set at 0.02 radians for long link beams. This is 
s 1 m f 1 ar to the 11 mi t used for moment frames when one considers the 
drift limits of Sec. 3.8. 

Lfmft check rotations are measured at the braced end of the link beam. 
The angle measured is located between the extensfon of the line passfng 
through the center of each end of the link beam and the lfne passing 
through the center of each end of the brace beam port 1 on. The d f s
p 1 acement of the beam and center points may be obtained by multiplyfng 
the elastic deflectfons determined from the prescrfbed seismic forces 
by Cd· Th f s is, of course, s 1 i ght 1 y conservative sf nee the e 1 ast f c 
curvature of the beam segments between hinges ts Ignored. 

10.9.5 

Thfs requirement addresses the concern for the effect that substantial 
axl al loads f n the 1 ink beam could have on the 1 ink beam's fnelastf c 
deflectfon performance. It presumes that the web's capacity ts fully 
ut f 1 I zed In shear and that rel lance should be placed only on the 
f 1 anges for ax fa I and f 1 exura I capac f ty. Shear I f nks w f th a 1 ength 
less than 2.2 H5 /Vs are considered to be controlled by shear. 

Substantial axial loads occur when the link beam fs required to trans
mit horizontal forces to or from the braces. Link beams have not been 
tested for this condition. It ts reconmended that this condition be 
avoided by careful placement of the link beams so that the link beams 
are not required to transmit the horizontal force component of braces 
or drag struts. The fa shou 1 d correspond to the force requ f red to 
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yield the 1 tnk beam In shear unless ft causes the flange to yfeld 
first. 

10.9.6 

Web stiffeners have been found by cyclic testing to be necessary at the 
ends of 1 t nk beams and, In the case of shear 1 t nks, at f ntermed t ate 
locations along the lfnk. 

For shear 1 Inks, the st t ff eners prevent buck I f ng of the web. Thi s 
assures development of the shear strength of the web and, additionally, 
reduces the eye 11 c deter torat Ion of the web that can result from 
repetition of the buckling deformations. 

For 1 Inks that may have sign t f I cant bending y i e 1 ding ( 1 ength between 
1.6 and 2.6 Ns/\ls), an additional stiffener at the di stance bf from 
each end of the link is required to preclude the possibility of flange 
buckling. 

10.9.10 

LI nk beams adjacent to the co 1 urm p 1 ace 1 arge shear demands on the 
beam-to-column connection. Testing has shown the need to make these 
connections as strong In shear as possible by providing full penetra
tion groove welding of the 1 ink beam flanges as wel 1 as by providing 
welded connections of the web for shear transfer. 

10.9.12 

The ratio of axial compressf ve strength of the brace to the Initial 
yield strength of the link beam was selected at 1.5 because the upper 
strength 1 Im It of the 1 Ink beam at th fs rat Io approaches the upper 
strength limit of the brace In compression. The shear strength of the 
link beem Is generally greater than the assumed strength based on 0.55 
F~t and can be more than 0.90 Fydt with close stiffener spacing. The 
1.5 ratio Is considered the minimum that wfll maintain the integrity of 
the brace. Conservatism Is reconmended for sizing the braces. This is 
particularly true for tube sections with thin wall thickness relative 
to their width. 

10.9.13 

The prohibition of the extension of the brace-to-brace connection Into 
the I Ink beam Is Intended to prevent physical attachments that might 
alter the strength and deflection characteristics of the link beam. It 
Is not Intended to prevent the center 1 i ne intersect I on of brace and 
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Sec. 10.9.13/Sec. 10.9.14 

I t nk beam from- Intersect t ng w I th In the 11 nk. Th Is t ntersect I on 1 oca
t I on ts to be encouraged for ft results tn a greater moment tn the link 
beam portion than In the brace portion of the beam. 

10.9.14 

ft must be recognized that the requirement given does not protect the 
bottom level column from hinging. When a ftxed-base detal 1 Is used, 
such h Ing t ng Is I nev t tab 1 e If the dr I ft of the frame becomes 1 arge 
enough. ft Is reconmended that base level columns be c0111)act sections 
and that the base connection be detailed to recognize and acconrnodate 
the potential hinging without failure of the column or of the brace-to
column connection. 
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Append1x to Chapter lO 

APPENDIX TO CHAPTER 10 

An append Ix has been t nc 1 uded to perm It the des I gn of structures by 
us t ng the new LRFD Dest gn Spec t ff cat Ions, Ref. 1 O. 6. The prov ts tons 
Included are tentative and should be used with caution for Categories D 
and E. 

The LRFD methodology provides for more real isttc strength models 
c~red with allowable stress design. Chapter 10 curr 'ently uses a 
multtpl ter (factor of safety) of 1. 7 times the allowable forces _ and 
moments to determine the strength of structural members and connec
tions. This is satisfactory for structural members with limit states 
based on yielding. However, for I lmtt states based on fracture, 
members have a factor of safety of 2. Chapter 10 specifies a resis
tance (capacity reduction) factor of 8 = 0.9. For limit states based 
on fracture, the actual resistance factor ts e = (1.7/2)0.9 = 0.765. 
Because LRFO uses 8 = 0.75, the latter will give conservative results. 

Chapter 10 gives special e factors for connections that do not develop 
the strength of the members and for partial penetration welds In 
columns when subjected to tension stresses. The factors are 0.67 and 
0.80, respectively. The corresponding values for LRFO are 
(0.67/0.9)0.765 = 0.57 and (0.8/0.9)0.765 = 0.67. Consequently, the 
fol lowtng values of • should be used when using the "Appendix to 
Chapter 10": 

Connections that do not develop the s~rength of 
the ment>er or structural system, lncludlng connec
tion of base plates and anchor bolts, or do not 
conform to Sec. Al0.3.6 

Partial penetration welds In columns when subjected 
to tension stresses 
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Chapter 11 c.o..entary 

REINFORCED CONCRETE 

REFERENCE DOCUNENT 

The main concern of Chapter 11 f s the proper deta i 1 i ng of reinforced 
concrete constructfon for earthquake resistance. The bulk of the de
ta I 1 I ng requ I rements I n th I s chapter are conta i ned I n Append I x A of 
Ref. 11.1, Building Code Requirements for Reinforced Concrete, ACI 318-
83. The 1983 seismic appendix to ACI 318 grew out of the Applied Tech
nology Council's 1978 report, Tentative Provisions tor the Development 
of Seismic Regulations for Build1ngs (ATC 3-06) and the review of that 
document, whfch resulted in amendments. The commentary for ACI 318-83 
contains a valuable discussion of the rationale behind the seismic 
detailing requirements that is not repeated here. 

11.1.1 tlodlflcatlons to Ref. 11.1 

The modifications noted for ACI 318-83 are of three general types: 

• Changes In load factors necessary to coordinate the equivalent 
yield basis of this document; 

• Changes that incorporate certain features of the seismic 
detailing requirements for reinforced concrete that have been 
adopted Into the 1988 Edition of the Un1for11 Bu11d1ng Code; 
and 

• Changes that coord I nate w I th certa In mod f fl cat Ions that are 
being made from the 1983 to the 1989 Edftfon of ACI 318, 
Appendix A. 

New In the 1988 Ed It f on I s a statement on pref abr I cated concrete 
buildings (Sec. 11.1.1.3). 

The complexfty of prefabricated concrete bulldfngs and the multitude of 
structural systems, conffguratlons, and detafls encountered In practfce 
requires Integration of knowledge obtained by: ( 1) selecting func
t Iona 1 and C°""8t f b 1 e deta f 1 s for connect f ons and members that are 
rel fable and can be but lt wfth acceptable tolerances; (2) verifying 

227 



I 

I 

Sec. 11.l.l/Sec. 11.4-11.5 

experimentally the inelastic force-deformation relationships for 
welded, bolted, or grouted connections proposed for the seismic resis
ting elements of the bu! lding; and (3) analyzing the bui ldfng using 
those connection relationships and the inelastic reversed cyclic 
loading effects imposed by the anticipated earthquake ground motions. 

See the fol lowing references for guidance: A. Aswad, 1979, "Selected 
Precast Connections: Low-Cycle Behavior and Strength," in Proceedings 
of the 2nd U.S. National Conference on Earthquake Engineering, August 
22-24, Stanford University; Applied Technology Council, 1981, Proceed
ings of a Workshop on Design of Prefabricated Concrete Buildings for 
Earthquake Loads, Report ATC-8; R. E. Engleklrk, 1987, "Concepts for 
the Development of Earthquake Resistant Ductile Frames of Precast Con
crete," PCI Journal (January-February); N. M. Hawkins and R. E. Engle
kirk, 1987, "U.S.-Japan Seminar on P/C Concrete Construction in Seismic 
Zones," PCI Journal (March-April); JSPS/NSF, 1986, Proceedings of the 
Seminar on Precast Construction in Seismic Zones, Vol. l; D.S. Neille, 
1977, Behavior of Headed Stud Connections for Precast Concrete Panels 
Under Monotonic and Cycled Shear Loading, thesis submitted in partial 
fulfillment of the requirements of Doctor of Philosophy, University of 
British Columbia; Prestressed Concrete Institute, 1983, Proceedings of 
a svmposium on Planning and Design of a Precast Concrete Wall Building; 
J. Stanton and C. Dolan, 1986, Moment-Resisting and Simple Connections, 
Research Report 1/4, Prestressed Concrete Institute. 

11.2 STRENGTH Of ltE"BERS ANO CONNECTIONS 

The strength reduction factors listed in Ref. 11.1 and the remainder of 
Chapter 11 are Intended to define section or element strength. 

The allowable loads on anchor bolts have been chosen to suit the ca
pacity reduction factors In this document. 

11.3 

Since Ordinary Frames ar.e permitted only In Categories A and B, they 
are not required to meet any particular seismic requirements. Atten
tion should be paid to the often overlooked requirement for joint 
reinforcement f n Sec. 11 • 12. 1 of Ref. 11 • 1 . 

11.4-11.5 INTERMEDIATE AND SPECIAL ttOl£NT FRAltES 

The concept of Moment Frames for various levels of hazard zones and of 
performance is changed somewhat from the provisions of Ref. 11.1. Two 
sets of moment frame detailing requirements are defined In Ref. 11.1, 
one for "regions of high seismic risk" and the other for "regions of 
moderate se i sm i c r i sk. " For the purposes of this document, the "re-
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gtons" are made equivalent to Sefsmfc Performance Categories In which 
"hfgh risk" means Categorf ·es D and E and "moderate risk" means Category 
C. This document labels these two frames the "Special Moment Frame" 
and the "Intermediate Moment Frame," respectively. 

The level of Inelastic energy absorption of the two frames ts not the 
same. These prov Is f ons Introduce the concept that the R factors for 
these two frames should not be the same. Use of Ref. II.I wfth seismic 
provfsfons currently fn model bufldfng codes would imply that the equi
valent R factors were Indeed the same. The prel fml nary version of 
these provisions (ATC 3-06) assigned the R for Ordinary Frames to what 
Is now called the Intermediate Frame. In spfte of the fact that the R 
factor for the I ntermedlate Frame f s 1 ess than the R factor for the 
Special Frame, use of the Intermediate Frame Is not permitted fn the 
higher Performance Categories (D and E). On the other hand, this ar
rangement of the provisions encourages consideration of the more strin
gent deta i 1 i ng practices for the Spec i a 1 Frame in Category C because 
the reward for use of the higher R factor can be weighed against the 
higher cost of the detaf 1 fng requirements. These provf slons also 
Introduce the concept that an lntermedf ate Frame may be a part of a 
Dual System fn Category C. 

The differences In the performance basts of the requirements for the 
two types of frames m f ght be br I efl y sutmar I zed as fo 11 ows ( see the 
conmentary of Ref. II.I for a fuller dfscussfon of the requirement for 
the Special Frame): 

• The shear strength of beams and columns shall not be less than 
that required when the ment>er has yielded at each end In 
flexure. For the Specla,1 Frame, strain hardening and other 
factors are cons I de red by ra is f ng the effect Ive tens I 1 e 
strength of the bars to 125 percent of specified yield. For 
the Intermediate Frame, an escape clause fs provided In that 
the calculated shear using double the prescribed seismic force 
may be substituted. Both types require the same mfnfnun 
amount and max I mum spac Ing of transverse ref nforcement 
throughout the ment>er. 

• The shear strength of joints Is lfmfted and special provisions 
for anchoring bars In joints exist for Special Moment Frames 
but not I ntermed fate Frames. Both frames require transverse 
ref nforcement In Joints although less fs required for the 
Intermediate Frame. 

• Closely spaced transverse reinforcement Is required In regions 
of potential hinging (typically the ends of beams and columns) 
to contro 1 1 atera 1 buck 1 f ng of 1 ong I tud Ina 1 bars after the 
cover has spalled. The spacing limit Is slightly more strin
gent for columns In the Special Frame. 
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• The amount of transverse refnforcement in regfons of hinging 
for Special Frames fs empirically tied to the concept of 
providing enough conffnement of the concrete core to preserve 
a duct f 1 e response. These amounts are not requ I red f n the 
Intermediate Frame and, In fact, stirrups In lfeu of hoops may 
be used fn beams. 

• The Spec I a 1 Frame must fo 11 ow the strong co 1 umn/weak beam 
ru 1 e. A 1 though th ts f s not required for the I ntermed I ate 
Frame, ft Is hfghly recommended for multistory construction. 

• The maximum and minimum amounts of reinforcement are 1 imfted 
to prevent rebar congestion and assure a nonbrfttle flexural 
response. Although the precise limits are different for the 
two types of frames, a great portion of practical, bufldable 
designs wf 11 satfsfy efther. · 

• HI n I mum amounts of cont f nuous re I nforcement to account for 
moment reversals are requfred by placing lower limits on the 
flexural strength at any cross section. Requirements for the 
two types of frames are sfmf lar. 

• Locat Ions for sp 1 ices of re I nforcement are more t I ght 1 y con
tro 11 ed for the Special Frame. 

• In addltfon, the Special Frame must satisfy nunerous other 
requ I rements beyond the Intermediate Frame to assure that 
member proport Ions are w I th I n the scope of the present re
search experience on sefsmfc resistance and that the analysts, 
the design procedures, the qualftfes of the materials, and the 
Inspection procedures are at the hfghest level of the state of 
the art. 

11.6 SEISltlC PEAFORNANCE CATEOORY A 

Construction qua If fyfng under Category A as fdentffied In Table 1-2 
may be buf It with no special detal If ng requirements for earthquake 
res I stance except for t I es around anchor bo I ts as Ind I cated f n 
Sec. 11.1. "Closely enclosed" fs Intended to mean that the ties should 
be located within 3 to 4 bolt diameters of the bolts. 

11. 7 SEISltlC PERfORMNC£ CATEOORY B 

Special details for ductflfty and toughness are not required fn Cate
gory B. 

230 



Sec, 11.8/Sec. 11.9 

11.8 SEISNIC PERFORMNCE CATEGORY C 

A frame used as part of the lateral force resfstfng system fn Category 
C as fdentfffed fn Table 3-2 (see Chapter 3) fs requfred to have cer
tafn detafls that are Intended to help sustain fntegrfty of the frame 
when subjected to deformat f on, reversa 1 s f nto the non I f near range of 
response. Such frames must have attrfbutes of Intermediate Moment 
Frames. Structural (shear) walls of bufldfngs fn Category Care to be 
buflt fn accordance wfth the requfrements of Ref. 11.1. 

11.9 SEISNIC PERFORMANCE CATEGORIES DANO E 

The requf rements conform to current practf ce f n the areas of hf ghest 
seismic hazard. 
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Chapter 12 ca..entary 

ltASONRY 

REFERENCE DOCUttENTS 

This section references the recently completed Building Code Require
ments for ftasonry Structures (ACI-ASCE 530), which covers all types of 
masonry (clay, concrete, glass, stone, etc.). Construction and quality 
assurance requirements are included by reference to Specifications for 
lfasonry Structures ( AC 1-ASCE 530. I ) • These des I gn and construct I on 
documents reference nationally recognized testfng standards and mater
ial standards developed by ASTH and others. 

Concern has been expressed about the area of vertf cal ref nforcement 
permitted fn Sec. 3.1.2 of Ref. 12.1. The percentage of the area of 
the grout space (minimum grout area) and the cover and clearance 
requl rements In Chapter 8 of Ref. 12. l ·provide reasonable assurance 
that the strength of the reinforcement can be developed. 

12.1.1 Nodtflcatlons to Appendix A of Ref. 12.l 

Appendix A provf sfons of ACI-ASCE 530, "Special Provisions for Sefsmlc 
Oesfgn," are based on sefsmfc zones defined by ANSI ASS.I, lfinimum 
Design ·Loads for Buildings and Other Structures. To be consistent with 
the NEHRP Recouended Provisions, Table 12-1 correlates sefsmfc zones 
to seismic performance categories. 

12.2 SlRENGTH Of NEIIBERS AND OONNECTIONS 

The strength of members and connect f ons f s based on work Ing stress 
procedures mult _fpl fed by a factor to approximate typl cal capacity. 
Capacity 1s approximated to equal the allowable stress determined by 
Ref. 12.1 multfpl fed by a 1.33 factor for load combinations that 
include wfnd or earthquake (Ref. 12.1, Sec. 5.3.2) and further multf
plfed by a 2.5 factor. 

The resulting approximate capacity Is 3.3 times the allowable stress. 
The des I gn strength I s equa 1 to the approx f mated capac f ty t I mes the · 
capacfty reduction factor, •, to achieve a reliable desfgn level value. 
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12.2.1 Sp I ice I ength of reinforcement is based on the a 11 owab 1 e 
stress in the reinforcement in accordance wfth Ref. 12.1, 
Sec. 8.5.7. Thfs allowable stress fs not roodffled by the 
2.5 factor from Sec. 12.2 or by a • factor. Splfce 
lengths required by these provisions are therefore iden
tical to the splice length required by Ref. 12.1. 

12.3 RESPONSE tllDIFICATION COEFFICIENTS 

Masonry des f gned In accordance w I th Chapter 7 of Ref. 12. 1 requ f res 
reinforcement to resist tension as well as mfnfmum levels of reinforce
ment and deta i 1 f ng based on sei sml c zone (i.e., NEHRP Recommended 
Provisions Seismic Performance Category). These requirements are 
intended to provide a level of inelastic cyclic strai nf ng capacity 
consistent with the response modlffcatfon coefffcfents of Table 3-2 for 
ref nforced masonry. "Unreinforced" masonry shear wa 11 s des I gned In 
accordance with Chapter 6 of Ref. 12.l that do not tolerate Inelastic 
straining without loss of strength use lower response roodlffcation 
coefff cl ents to ensure that "unreinforced" masonry shear walls remain 
within the elastic range when subjected to design level seismic forces. 
The term "unreinforced masonry" Is not used in Ref. 12. l but Is con
sf de red analogous to masonry designed by Chapter 6 of Ref. 12.1, 
"Design Allowing Tensile Stresses In Masonry." 

12.~ SEIStUC PERf'ORMNCE CATEOORY A 

Ref. 12.l permits three design methods for masonry: 

• Design allowing tensile stresses In masonry (Chapter 6), 

• Design neglecting tensile strength of masonry (Chapter 7), and 

• Empirical design of masonry (Chapter 9). 

Any of the three methods are cons I de red apprapr I ate for des I gns I n 
Category A. 

12.5 SEISMIC PERf'ORMNCE CATEOORY B 

Masonry may be designed by Methods l, 2, or 3 described above; however, 
f n Category B, des I gn of the 1 atera I I oad res I st Ing system must be 
based on analysis In accordance with Methods 1 or 2 described above. 
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12. 6 · SE I SIU C PERFORNANCE CATEGORY C 

In addition to the requirements of Category B, mlnlmun levels of rein
forcement and detailing are required In accordance with Appendix A of 
Ref. 12. 1 • further, nonc001X)s I te wythes ( I . e. , cav I ty wa 11 s) and 
screen walls must meet the detailing requirements of Sec. 12.6.l.1 and 
Sec. 12.6.1.2, respectively. 

12.7 SEl5"IC PERfORltANCE CATEGORY D 

In addition to the requirements of Category C, the area and spacing of 
shear reinforcement for shear walls must meet the requirements of Sec. 
12. 7. 2. Spec 1 a 1 1 nspect I on 1 s requ f red in accordance with Sec. 
1.6.2.S. 

12.8 SEl5"1C PERFORttANCE CATEGORY E 

The additional requirements of Category E are Intended to ensure that 
the structure remains functional after the earthquake. 
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Appendix A 

BSSC BOARD <F DIRECTION, 1986-87 

0.1.,..n 
Warner Howe.1 Gardner and Howe, Memphis, Tennessee 

Vice ChalfWlfl 
Neal O. Houghton, 1 Building Owners and Managers Association, Phoenix, 

Arizona 

Secretary 
W. Gene Corley,l Portland Cement Association, Skokie, Illinois 

Ex-Officio 
Roy G. Johnston, 1 Brandow and Johnston Associates, Los Angeles, Cal
lfornfa 

tlellbers 

Christopher W. Arnold, Building Systems Development, Inc., San Mateo, 
Calffornla (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. Oegenkolb, H.J. Oegenkolb Associates, San Francisco, Califor
nia (representing the Earthquake Engineering Research Institute) 

Geerhard Haa i Jer, Amer I can Inst I tute of -Stee 1 Construction, Ch I cago, 
· Illinois 

Gerald Jones, Code Administrator, Kansas City, Missouri (representing 
the Bui 1 d Ing Off f c i a 1 s and Code Administrators lnternat tonal, 
Inc.) 

H. S. "Pete" Kellam, Graham and Kellam, San Francisco, Cal ifornla 
(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 O. McConnell, Office of Construction, Veterans Administration, 
Washington, O.C. (representing the Interagency Conmlttee on Seis
mic Safety In Construction) 

Char 1 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) 

A JI t S. VI rdee, CYGNA Consu 1 t Ing Eng I neers, Sacramento, . Ca 1 i forn i a 
(representing the Structural Engineers Association of California) 

Alan H. Yorkdale,2 Brick Institute of America, Reston, Virginia 

IHember, Executive Conmlttee. 

2oeceased. 
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Warner Howe,3 Gardner and Howe, Hemphfs, Tennessee 

Vfce Chatnmn 
Gerald Jones, 3 Code Admlnfstrator, Kansas City, Missouri (representing 

the Bui ldlng Officials and Code Administrators lnternatfonal, 
Inc.) 

Secretary 
Harry W. Hartin,3 Amerfcan Iron and Steel Institute, Newcastle, Calf

fornfa 

Ex-Officio 
Roy G. Johnston,3 Brandow and Johnston Associates, Los Angeles, Cali
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Henry J. Degenkolb, H.J. Degenkolb Associates, San Francisco, Calffor
nfa (representing the Earthquake Engineering Research Institute) 

John Ff sher, Skidmore Ow f ngs and Herr f 11 , San Franc fsco, Ca 1 i forn fa 
(representfng the Amerfcan Institute of Architects) 

S. K. Ghosh, Portland Cement Assocfatfon, Skokfe, Illinois 
Louis L. Guy, Jr., Guy and Davis, Burke, -vfrglnla (representing the 

Natfonal Institute of Building Sciences) 
Geer hard Haa I j er, American Inst I tute of Stee 1 Construct I on, Ch I cago, 

Illinois 
Hark B. Hogan, Natfonal Concrete Hasonry Association, Herndon, Virginia 
Neal D. Houghton, Bui ldl ng Owners and Managers Assocfatlon, Phoenix, 

Arizona 
H. S. "Pete" Kellam, Graham and Kellam, San Francisco, Cal lfornla 

(representing the American Society of Civil Engfneers) 
James E. Lappfng, AFL-CIO Bulldfng and Constructfon Trades Department, 

Washington, D.C. 
Rfchard 0. HcConnell, Offfce of Constructfon, Veterans Adrnlnfstratfon, 

Washf ngton, D.C. (.representf ng the Interagency COl'llllfttee on Seis
mic Safety fn Constructfon) 

Wallace A. Norum, Hountafnvlew, Calffornfa (representfng the Natfonal 
Forest Products Assoclatfon) 

Allan K. Porush, O~es and Hoore, 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 Cornnlttee. 
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TECHNICAL ttANAGENENT CON"ITTEE4 

TC I Representative 

S. T. Algermlssen, U.S. Geological Survey, Denver, Colorado 

TC 2 Representat f ve · 

AJlt 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, llllnois 

TC 5 Representatives 

Alan H. Yorkdale,5 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 0. Hanson, Unfversfty of Michigan, Ann Arbor 

TC 7 Representative 

Edwin G. Zacher (THC Chairman), HJ Brunnler Associates, San Francisco, 
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TC 8 Representative 

John Fisher, Consultant, .Portola, Callfornla 
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30, 1987, Denver, Colorado; August 24-25, 1987, Denver, Colorado; 
October 15-16, 1987, Denver, Colorado; October 30-31, 1987, Denver, 
Colorado; November 24, 1987 (Conference Call); Hay 24-25, 1988, Denver, 
Colorado. Meeting of the THC ad Hoc Conmlttee on Happing, September 2, 
1987, San Francisco, Callfornfa. 

5oeceased. 
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TC 9 Representative 

Vincent R. Bush, Consultant, Walnut, California 

BSSC Representatives 

W. Gene Corley, Construction Technologies Laboratories, , Skokfe, Il
linois (January 1987-January 1988) 

Charles M. Culver, National 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. Hartin, American Iron and Steel Institute, Newcastle, Califor
nia (January-August 1988) 

Michael Sbaglta, American Insurance Services Group, New York, New York 
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Neville C. Donovan, Dames and Moore, San Francisco, California 
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6Heetlngs: March 4, 1987, Denver, Colorado, and June 12, 1987, 
Denver, Colorado. 

7Heetlngs: January 14-15, 1987, San Francfsco, California; June 
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nf a; October 6, 1987, San Francisco, Callfornfa. 
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Applfed Technology Council 
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Earthquake Engfneerlng Research Institute 

Joseph P. NI colettl, URS/J. A. Blume and Associates, San Fran
cisco, California 

lnteragency Conmfttee on Seismic Safety In Construction 

Richard D. McConnell, Civil Engineering Service, Veterans Ad
ministration, Washington, O.C. 
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Structural Engineers Association of Washington 

William H. Hooseker, Sunnlt Technology, Seattle, Washington 
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TC 3. FCU'ldatlons8 

American Society of Cfvtl Engineers 

Robert D. Darragh ( Representat f ve to THC) , Dames and Hoore, San 
Francisco, Calffornfa 

Soil and Foundation Engineers Association 

Alan Kropp (Chairman), Alan Kropp and Asssociates, Berkeley, 
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Building Seismic Safety Council 
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Earthquake Engfneerfng Research Institute 
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Structural Engineers Association of Callfornta 
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TC-'• Concrete9 

American Concrete Institute 
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Daniel Shapiro, Shapiro, Okino, Hom and Associates, San Francisco, 
Cal lfornla 

Brick Institute of America 

A 1 an H. Yorkda 1 e 11 ( Representat Ive to the THC, January-October 
1987), Brick Institute of America, Reston, Virginia 

lnteragency Conmlttee 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, 
Cal I fornla 

National Concrete Masonry Association 

Hark B. Hogan ( Representat Ive to the THC, October 1987-August 
1988), National Concrete Masonry Association, Herndon, Virginia 

Structural Engineers Association of California 

Ben L. Schml d, B. L. Schmid, Consultant Structural Engineer, 
Pasadena, California 

lOHeet f ngs: January 5-6, 1987, Denver, Co 1 orado; March 21-22, 
1987, San Antonio, Texas; June 15-16, 1987, Reston, Virginia. 

llDeceased. 

248 



Appendix A 

The Masonry Socfety 

John Tawresey (Chairman), KPFF Engineers, Seattle, Washington 

Western States Clay Products Association 

Dona 1 d A. Wakef f e 1 d, Interstate Br f ck and Ceramic Tf 1 e, West 
Jordan, Utah 

TC 6. Stee1 12 

American Institute of Steel Construction 

Nestor W. Iwankiw, American Institute of Steel Construction, 
Chicago, Illinois 

American Iron and Steel Institute 

Harry W. Hartin (Chai rman) , American Iron and Stee 1 Institute, 
Newcastle, California 

American Society of Civil Engineers 

Horat Io A 11 f son, A 11 I son, HcCormac, and NI ckolaus, Rockvf 11 e, 
Maryland 

Building Sefsmf c Safety Councf 1. 

Henry J. Oegenkolb, H. J. Degenkolb Associates, San Francisco, 
California 

Robert D. Hanson ( Representat Ive to the THC), Un f vers i ty of 
Michigan, Ann Arbor 

Interagency Conmlttee on Seismic Safety fn Construction 

Hanmohan S. Chawla, General Services Administration, Washington, 
o.c. 

Hetal Buildings Manufacturers Association 

Joe N. Nunnery, AHCA Buildings Division, Memphis, Tennessee 

12Heetlngs: January 14-15, 1987, San Francisco, California; June 
11-12, 1987, Denver, Colorado; August 19, 1987, Orlando, Florida. 
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Structural Engi·neers Associatfon of California 

Egor P. Popov, University of California, Berkeley 

TC 7, Wooct13 

National Forest Products Assocfation 

Thomas E. Brassell (Alternate Chairman and Alternate Representa
tive to the THC), 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. Willfamson, Lamfab Wood Structures, Indianapolis, 
Indiana 

Building Seismic Safety Council 

Edwin G. Zacher (Chai rman and Representative to the THC) , H J 
Brunnler Associates, San Francisco, California 

lnteragency Committee on Seismic Safety in Construction 

Bi 1 ly Bohannan (January-June 1987), U.S. Forest Servfce Forest 
Products Laboratory, Madison, Wisconsin 

Erwfn L. Schaffer (June 1987-August 1988), U.S. Forest Service 
Forest Products Laboratory, Hadfson, Wfsconsin 

National Forest Products Assocfatfon 

Wallace A. Norum, National Forest Products Associatfon, Mountain 
Vfew, California 

U.S. Forest Products Laboratory 

Robert Falk, U.S. Forest Service Forest Products Laboratory, 
Hadfson, Wisconsin 

13Heetfngs: January 14-15, 1987, San Francfsco, California, and
Hay 11, 1987, Denver, Colorado. 
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TC 8. ·Architectural• Nechanlcal • and Electrlcal Systenas14 

American Institute of Architects 

John Fisher (Representative to the THC), Consultant, Portola, 
California 

American Society of Civil Engineers 

Bruce C. Olsen (Chairman), Consulting Engineer, Seattle, Washing
ton 

American Society of Heating, Refr i gerat I on and Air Conditioning En
g I neers 

Patrick Lama, Mason 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 

National Elevator Industry, Inc. 

George W. GI bson, Nati ona 1 E 1 evator Industry, Inc. , Farmington, 
Connecticut 

Sheet Hetal and Air Conditioning Contractors' National Association 

Wa 1 ter Drown, Sheet Meta 1 and A Ir Condit I on Ing Contractors' 
National Association, Los Angeles, California 

Structural Engineers Association of California 

Eugene Cole, Cole, Yee, Schubert and Associates, Sacramento, 
Cal lfornla 

14Heetlngs: January 14-15, 1987, San Francisco, Cal lfornia, and 
June 11, 1987, Denver, Colorado. 
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TC 9. Regulatory Use15 

Associated General Contractors of America 

Cecil Hark, Hark Diversified, Sacramento, California 

American Institute of Architects 

David Bullen, American Institute of Architects, Washington, D.C. 

American Society of Civil Engineers 

Norton Renmer (Chairman), Consulting Engineer, Worcester, Massa
chusetts 

Association of HaJor City Building Officials 

Franklin Lew, City of San Francisco, California 

Building Officials and Code Administrators International 

Bob HcCluer, Bldg Officials and Code Administrators International, 
Country Club Hills, Illlnois 

Building Seismic Safety Council 

Vincent R. Bush (Representative to the THC), Consultant, Walnut, 
California 

lnteragency Conmittee on Seismic Safety In Construction 

G. Robert Fu 11 er , Department of Hous i ng and Urban Deve 1 opment , 
Washington, D.C. / 

International Conference of Building Officials 

Phillip C. Phillips, City of San Leandro, Calffornla 

National Council of States on Building Codes and Standards 

Dav f d Conover , Nat f ona I Counc f 1 of States on Bu I Id Ing Codes and 
Standards, Herndon, Virginia 

15Heetings: January 14-15, 1987, San Francisco, Callfornfa; June 
11-12, 1987, Denver, Colorado; July 22, 1987, Denver, Colorado. 
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Southern Bufl-dfng Code Congress lnternatfonal 

John R. Batt 1 es , Southern B.u I J d f ng Code Congress I nternat Iona 1 , 
Bfrmfngham. Alabama 
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SU"tlARY OF DIFFERENCES BETWEEN TI£ 1985 AND 1988 EDITIONS 
OF TI£ IIEIIIP UCOllll£JID£D PIOVISio•s 

The substantfve dffferences between the 1985 and 1988 Edftfons of the 
NEHRP Recommended Provisions, whfch are hfghlfghted fn the margins of 
the document, are sunmarfzed below. 

CHAPTER I• GENERAL PROVISIONS 

Intent of the Prov1a1ons 

Both the Provisions and the Commentary volumes have been modlffed to 
clarffy and ~hasfze the Intent of the Provisions. 

In the 1988 Edftlon of the Provisions volume, Sec. 1.1, "Purpose," 
makes speclffc reference to the dffferent levels of resfstance required 
for varfous types of structures, a matter that had not been covered fn 
the 1985 Edition. The text also dfstlngufshes between expected bulld
f ng performance during the "design earthquake" (whf ch may result fn 
some structural and nonstructural but repairable damage) and durfng a 
"maximum credible" earthquake (which may result In considerable damage 
but a low lfkelfhood of bufldfng collapse), a dfstfnctfon that was not 
clear fn the 1985 Edition. 

Commentary Sec. 1 • 1 a 1 so has been rev I sed extens f ve 1 y to address In 
considerable detail many of the philosophical fssues behind development 
of the Provisions. Thus, the 1988 versfon of thf s sectfon explains 
that: 

• The Provisions provide the minimum criteria considered "pru
dent ang economfcally justfffed." 

• The Provisions are applicable throughout the Unfted States. 

• The Provisions have been developed under a consensus ballot
f ng procedure and therefore may be reasonab 1 y adopted Into 
bui ldf ng codes. 
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• The Provis ions, un 1 f ke some other se f smf c design documents, 
atte~t to 1 f m ft property damage on 1 y to the extent that It 
affects lffe safety and emergency recovery efforts. 

• Structural and nonstructural damage to a bui ldlng designed 
using the Provisions Is to be expected during a "design earth
quake," but the damage fs expected to be repafrable. 

• Damage during a more severe or Intense earthquake may be much 
more ext ens f ve than dur f ng a "des f gn earthquake" but the 
likelihood of collapse will be small. 

• Judgment on the part of the des f gn engineer f s needed to 
account for the many var i ab 1 es that affect a project (e.g. , 
the dynamic characteristics of the structure and the variabil
ity In ground motion, earthquake Intensity, distance from the 
earthquake epicenter, and soil type). 

• The "design earthquake" fdentlfled by the Provisions has a 90 
percent probabf 1 ity of not being exceeded fn 50 years (or, 
alternatively, a 10 percent probability of being exceeded fn 
50 years). In the central and eastern United States, however, 
the "maximum Intensity" earthquake may be considerably greater 
than the "des f gn earthquake" and maps based on a 90 percent 
probab I 1 I ty of not be f ng exceeded In 250 years (or, a I ter
nat f ve 1 y, a 10 percent probab f 1 f ty of be Ing exceeded In 250 
years) have been added to the 1988 Ed ft f on to g f ve users a 
basis for addressing this problem. 

• If damage control Is desired, the designer must recognize that 
deformations larger than the drfft 1 lmlts specfff ed fn the 
Provisions may occur dur Ing an earthquake I arger than the 
"des f gn earthquake." . Thus, the des I gn shou 1 d prov f de not 
only sufffcfent strength to resist the specffied seismic loads 
but also the proper stiffness to limit lateral deformatfon. 

• In cases where wind loads control stress or drift desfgn, 
special requfr~ments for the selsmfc resisting system stf 11 
must be fo 11 owed to ensure suf f I cf ent energy absorpt I on 
capacity In the structure. 

• Providing a contfnuous load path fs vftal to ensuring desired 
bufldlng response for structures designed usfng lateral force 
desfgn provfslons. 

In the 1988 Edition of the Commentary, Sec. 1.2, "Scope," explains that 
the Provisions document does not address existing buildings. The 1985 
Edftfon had Included the Applied Technology Councfl's 1978 recommenda
tfons (from ATC 3-06) for exfstfng buildings as Part 3 of the docll'llent 
sf~ly for the Information of those fnterested and It was noted that 
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those reconwnendat Ions had · not rece I ved forma I cons I derat I on and ap
prova I by the Council. In fact, these provisions had been effectively 
segregated from provisions for new but ldfngs many years earl fer and 
this, coupled with the fact that FEMA fs sponsoring work that will lead 
to up-to-date provisions for existing buildings, stfrMJlated deletion of 
the existing building Information from the 1988 Edition of the Prov1-
s1ons. 

The 1988 version of Comentarv Sec. 1.2 also emphasizes that the Prov1-
s1ons document fs Intended for use only fn building design and that It 
does not app 1 y to non-bu 11 d Ing structures such as dams, br I dges, and 
power plants. It also specifically states that the Provisions adresses 
only earthquake ground-shaking and not problems of I fquefactlon, 
settlement, slides, subsidence, and faulting. 

Risk._. 

The four seismic risk maps (Figures 1-1 through 1-4) Included fn the 
1985 Edition of the Provisions are used again In the 1988 Edition; they 
def f ne the se Ism f c ground-shak f ng hazard I n terms of an acce I erat f on 
coefficient (Aa> and a velocity-related acceleration coefficient (Av> 
for exposure t f mes of 50 years (with a 10 percent probabl I tty of 
exceedance). The 1988 Edition, however, also presents a new procedure 
and four new maps (F fgures 1-5 through 1-8) that define the set sml c 
ground-shak f ng hazard f n terms of acce 1 erat I on (A) and ve 1 oc I ty ( v) ; 
figures 1-5 and 1-6 are for exposure times of 50 years and Figures 1-7 
and 1-8 are for exposure times of 250 years (all four with a 10 percent 
probability of exceedance). Since the Provisions makes use of veloc
ity-related acceleration for calculating design forces and deter~fnlng 
the appl fcabf 1 tty of certain requf rements, ·a procedure for df rectly 
using the mapped velocities fn centimeters per second was developed for 
use of the new maps. The new procedure and maps, which are presented 
fn the "Appendix to Chapter l," are offered as an alternative to the 
or f g f na 1 procedure and maps and the f r eva 1 uat f on through use f s en
couraged. The "Appendix to Chapter 1" describes the new procedure by 
highlighting the changes that need to be made In specific parts of the 
Provisions so that the.new maps can be used. 

The new maps f ncorporate advances In se Ism I c r I sk mapp Ing Inc 1 ud Ing 
consideration of uncertainty In ground motion attenuation and fault 
rupture length. They also address the Issue of truncation of, or 
placing an artificial cap on, high acceleration and velocity values. 
Figures 1-1 through 1-4 reflect a truncation of high values of ground 
acceleration but, since It was performed In the mapping process Itself, 
It Is not apparent to the user of the Provisions. Figures 1-5 through 
1-8 also have been truncated but at a significantly higher value ar:ld, 
thus, they better reflect the calculated differences In accelerations 
and velocities for an equal level of probabl I lty. Nevertheless, the 
use In design of values over certain levels fs not recc:>11111ended and the 
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"Appendix to Chapter l" provides users of the new maps with procedures 
for reducing any mapped va I ues over these I eve I s. Th f s reduct I on I s 
based in part on experience w I th modern bu 11 dings In recent earth
quakes, In part on the concept that the highest spikes of short dura
tion acceleration are not transmitted uniformly across the soil-founda
tion Interface to large objects such as buildings, and on other con
e ept s . It s hou I d be noted, however, that the t runcat I on concept 
r ema f ns somewhat cont rovers I a I and In need of further research and 
study. 

Changes to Existing Bui ldlngs 

As ment I oned above, Sec. 1 • 2 of the Commentary was rewr I tten to in
d I cate that existing buildings are not covered by the Provls1ons, and a 
paragraph f s added to Sec. l . 3, "App 11 cation of the Prov 1 s 1 ons," to 
Indicate that alterations and repairs also are not covered. 

The Prov1s1ons do, however, cover additions to existing buildings and 
changes In use, and Sec. 1.3 was revised for the 1988 Edition to 
clarify and define the conditions under which the Prov1s1ons apply In 
these cases. 

It is stated that new additions are required to be designed and con
structed in accordance with the Prov1s1ons, but that the relationship 
of the new add i t ion to the exist I ng bu f 1 d f ng determ i nes whether the 
existing building must be brought into conformance with the Prov1s1ons. 
When the addition Is structurally Independent and does not reduce the 
seismic resistance of the existing building, no changes are required In 
the ext sting buf ldfng. When a structurally dependent addition .Is 
planned, the existing structure must meet the requirements of the 
Prov1slons ff the addition wf 11 cause sel smfc forces In the exist Ing 
building to be Increased by more than a nominal amount or ff the new 
work reduces the seismic resistance of the existing building. 

It also fs stated that when a change in use of an existing buf ldlng 
results in a higher Seismic Hazard Exposure Group, the existing struc
ture must be brought Into accordance with the Prov1s1ons requl rements 
for new buildings. 

Sefsatctty Index. Setsatc Performance Category 
and Setsatc Hazard Exposure Group 

The 1988 Edition of the Prov1s1ons no longer uses the Sefsmfcfty Index, 
a change that actual Jy is entf rely editorial and does not affect the 
development of the design forces or any other design matter. In the 
1985 Edition, the user was required to select the appropriate accelera
tion, A8 , or velocity-related acceleration, Av, from the maps (Figures 
1-1 through 1-4) and then determine the Seismlcfty Index from the value 
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for Av· The· Selsmlclty Index then was used In a table relating It to 
Seismic Hazard Exposure Group tn order to determine the Seismic Perfor
mance Category. El I ml nation of the Selsmlclty Index In the 1988 
Edition simply el lmlnates one step In this cumbersome process and 
permits the user to determine the Seismic Performance Category from a 
table (Table 1-2) that relates ft directly to Seismic Hazard Exposure 
Group and Av (or velocity, v, In the "Appendix to Chapter l"). 

The number of Seismic Performance Categories was expanded from four to 
five In the 1988 Edition, another change that Is more editorial than 
substantl ve. The 1985 Edition had been f ssued wfth the chapters on 
concrete and masonry dividing Seismic Performance Category B fnto two 
subcategories, B.l and B.2. The 1988 Edition's use of five categories 
(A, B, C, D, and E) Is meant to simplify and unify the categories In 
use. The old and new Se f sm f c Performance Categor f es are related as 
shown below: 

1985 Edition 
Category 

A 
B. I 
B.2 
C 
D 

1988 Edition 
Category 

A 
B 
C 
D 
E 

Chapters 7, 9, and 10 on foundations, wood and steel, respectively, did 
not distinguish between Categories B.I and B.2 In the 1985 Edition, and 
they generally have simply been edited to refer to Seismic Performance 
Categor I es B and C where before they ref erred to category B. The 
remainder of the 1988 Edition reflects editorial changes made to 
Incorporate the new ~efsmfc Performance Category designations. 

The definitions of the Seismic Hazard Exposure Groups (Sec. 1.4.2) have 
been reff ned for the 1988 Edition of the Provisions. Additional 
ex~les of Seismic Hazard Exposure Group 111 fact 1 ftfes, but ldlngs 
having essential facilities necessary for post-earthquake recovery, are 
included, and examples. of Seismic Hazard Exposure Group II facilities, 
buildings that constitute a substantial public hazard because of their 
occupancy or use, are tied more closely to numbers of occupants to more 
accurately reflect the Intent of the Provisions as described In the 
Commentary and to more closely align the Seismic Hazard Exposure Groups 
with the model code occupancy categories. 

Access requirements for Seismic Hazard Exposure Group 111 bul ldfngs 
also are more specifically defined (Sec. 1.4.2.5), and the functional
ity requirement (Sec. 1.4.2.6) Is relaxed (I.e., ft has been changed 
from "shall" to "shall, In so far as practical"). 
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Quality Assurance and Inspection Procedures 

The paragraphs deffning whfch buf ldlngs requfre a formal Quality 
Assurance Plan (Sec. 1.6.1) have been rewrftten to clarify and slightly 
relax the requirements in order to make the Provisions more consistent 
with the needs and practfces of but ldfng officials throughout the 
Un I ted States. The new defl nit I on f s based on Se ism f c Performance 
Category rather than on the comb I nat I on of Se Ism I c Hazard Exposure 
Group and Sei smlcity Index used fn the 1985 Edition. A Qual fty As
surance Plan for the Desfgnated Seismic Systems ts required for bulld
fngs In Seismic Performance Category E whereas such a plan is requfred 
only for the Structural Selsmfc Reslstfng Systems of Buildings In 
Seismic Performance Categorfes C and D. 

A change f n terminology from "Special Inspector" to "Owner's Inspec
tor" Is introduced In Sec. 1.6.2 of· the 1988 Edition to ~haslze the 
role and responsfblllty of this Individual. 

Requirements for continuous special inspection were relaxed for struc
tural masonry (Sec. 1.6.2.5) and single pass fillet welds In structural 
steel (Sec. 1.6.2.6). 

In the 1988 Edition, the requirements for special testing of masonry 
now reference ACI-ASCE 530. 

Regulatory Agency 

In order to simplify the 1988 Edftfon, the term "Regulatory Agency" fs 
used throughout Instead of the var I ety of terms (e.g., "authority 
having Jurlsdfctlon" and "Cognizant Jurfsdlctlon") that was used In the 
1985 Edition. 

CHAPTER 2, DEFINITIONS AND SYNBOLS 

In addftlon to the editorial revisions needed to reflect other changes 
made In the 1988 Edition of the Provisions, definitions were added to 
Chapter 2 for the following terms: base shear, story drfft ratio, and 
story shear. Deffnltlons for braced frame, concentrically braced 
frame, eccentrically braced frame (with subcategories for link beams, 
1 Ink beam rotation angle, 1 Ink beam shear yield strength, diagonal 
brace, lateral support members, link beam end web stiffeners, and lfnk 
beam Intermediate web stiffeners) were also added to reflect the 
Integration of the 1985 Edition's "Appendix to Chapter 10" Into the 
body of the Provisions ( see the dtscussfon of Chapter 10 changes 
below). 
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CHAPTER 3 • STRUCTURAL. DESIGN REQUIRENENTS 

Sol I Proft 1 e Types 

A fourth sofl proffle type, S4, has been added to Sec. 3.2 fn the 1988 
Editfon to account for the type of soil response observed during the 
1985 Hex f co Cf ty earthquake. So f 1 Prof f 1 e Type 54 f s descr I bed as a 
profile with more than 70 feet of soft clays or silts. Sectton 1.4 of 
the Commentary descrfbes the Hexfco City experience that supports the 
inclusion of this fourth soil proffle type. 

Rand Cd factors 

Table 3-2, "Response Coefffcients," has been reformatted for the 1988 
Edition to make It easier to understand and use. Clarlffcatlon of the 
deflnftfon and applications of dual systems was of special concern in 
the design of the modified table. Rand Cd factors for eccentrically 
braced frames were added to the table to reflect the Chapter 10 change 
that moved the desfgn provlsfons for these frames from an appendix Into 
the body of the chapter. The Rand Cd factors for _eccentrfcally braced 
frames were adjusted to reflect modlffcatfons that have been found to 
be approprfate during the several years they have been In use. 

But ldlng Configuration 

The 1988 Edftfon defines plan and vertfcal frregularltles In detail In 
the Prov1s1ons and dfscusses them In the Commentary whereas the 1985 
Edftfon addressed the topic fn depth only fn the Commentary. Thfs has 
been accompl tshed prfmarfly by addfng Table 3-3, "Plan Structural 
Irregularities," and Table 3-4, "Vertfcal Structural Irregularities." 
These tables list speciffc bufldfng features that create frregularity 
fn a bufldfng. The exfstence of any one of these features makes the 
bui ldfng f rregular, wfth certain exceptions and I fmftatfons. The 
tables, exceptfons, and lfmftatfons are adapted from sfmilar tables and 
except Ions deve 1 oped by the Structura 1 Eng f neers Assoc fat f on of Ca 1-
f forn fa for the 1988 Edftlon of the Un1form BU1ld1ng Code. 

Tables 3-3 and 3-4 descrfbe ff ve categorl es of plan f rregularlty and 
f Ive categor I es of vert I ca I i rregu 1 ar I ty and ref er the user to the 
sectfons of the Prov1s1ons related to the desfgn of a bufldfng with the 
gfven frregularfty. In some cases, more accurate dynamfc analysts of 
the building fs required whereas fn other cases, addftlonal prescrfp
tfve detaflfng or proportioning Is necessary. Some Irregularities are 
acceptable only fn smal I but ldfngs. Host of the restrf ctfons and 
requfrements for frregular bufldfngs apply only to the higher Seismic 
Performance Categories. · 
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Drtft Lt• tts 

Table 3-5, "Allowable Story Drift," has been revised for the 1988 
Edition to clarify and consolidate Sec. 3.8 and Table 3-C of the 1985 
Edition. The basic 1 imits did not change, but the exceptions and 
limitations were somewhat modfffed. 

CHAPTER 4, EQUIVALENT LATERAL FORCE PROCEDURE 

Wel~t 

The definitfon of w, weight of the structure to be Included fn seismic 
base shear ca 1 cu 1 at ions, in Sec. 4. 2, "Seismic Base Shear," has been 
rewritten to clarify the intent of the Provisions. An additional 
requirement was added to bring the Provisions in conformance with 
standard pract Ice such as is descr I bed f n the Uniform Building Code 
(i.e., minimum partition loads of 10 psf must be Included In W when a 
partition load allowance is Included In floor design). 

Pertod 

An alternate equation was included for determining T, the fundamental 
bul !ding period, fn Sec. 4.2.2, '"Period Determination." The equation, 
Ta = O. IN, with 1 fmitations on story height and on N (number of 
stories), is an older equation that has been In use for many years but 
that was not included fn the 1985 Edition of the Provisions. Recent 
research reaffirmed the applicability of thfs equation and provided the 
motivation for Including ft in the 1988 Edition. 

Torsion 

Improved procedures for hand 1 Ing torsion that appear In the 1988 
Un1for11 Build1ng Code have been adapted for Inclusion in Sec. 4.4.1, 
"Torsion," of the 1988 Edition of the Provisions as wel 1. The new 
procedure requ I res that · the ace I dental tors I on be 8111) l If I ed at each 
level by an amplification factor Ax for Sels~lc Performance Categories 
C, D, and E when a torsional irregularity exists. A formula for 
determining Ax for each story (Eq. 4-8) and a maxlmun limft on Ax are 
part of the new procedure. 

P-Delta 

A warning has been added to the Commentary for Sec. 4.6, "Drift Deter
mination and P-delta Effects" to acknowledge that the procedure in 
Sec. 4.6 of the Provis1ons may not be conservative in some fnstances. 
A ballot proposal to change the stabflfty equations to use the secant 
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st f ffness (by de 1 et f ng the Cd term from the denomt nator of Eq. 4-11 > 
was overturned dur f ng the reba 11 ot. The warn Ing added to the commen
t a n1 po f nt s out that both the pub 11 shed procedure and the secant 
st I ffness procedure are based on stat f c stab I 1 fty and that dynamt c 
stability fs a far more complex problem. 

CHAPTER s. tllOAI.. ANALYSIS PROC£Dt&: 

No changes were made to Chapter 5 for the 1988 Edition of the Prov1-
s1ons, but minor revisions were made to the commentary to reflect the 
clarified Intent of the Prov1s1ons. 

CHAPTER 6. SOIL-STRUCT\JRE INTERACTION 

Chapter 6 of the 1985 Edition has been relegated In Its entirety to an 
append f x ( the "Append Ix to Chapter 6") f n the 1988 Ed ft f on. Use of 
the detailed procedures on soil-structure interaction was judged to be 
unnecessary for most structures, and It was cone 1 uded that the 1985 
Edftlon's Chapter 6 requirements were too specialized for inclusion in 
the body of the 1988 Edftfon of the Prov1s1ons~ 

CHAPTER 7. FOUNOATI~ DESIGN REQUIRENENTS 

Editorial revisions (some suggested late In the 1985 balloting proce
dure) were incorporated In the 1988 Edition of the Prov1s1ons to 
clarify the Intent of Chapter 7. One of the major editorial changes 
involved clarifying the distinction between concrete piles, concrete
filled pfpe piles, and metal-cased concrete piles. 

The requirements for ties between fndfvfdual foundation elements were 
relaxed somewhat fn the 1988 Edition (I.e., reinforced concrete slabs 
on grade may be used as ti es and hard cohes Ive so f 1 s and very dense 
granular soils may be considered to conffne·the foundatfon elements). 

Refnforcernent requirements for metal cased concrete pfles were modified 
to allow the metal casing to be used as conffnement ff It meets certain 
minimum thickness and corrosion protection requirements. New require
ments for m f n f mum t I es or sp f ra ls were added for precast concrete 
pf 1 es. 

For Sefsmfc Performance Categorfes D and E, new requirements were added 
stlpulatlng that al 1 pf les must be able to withstand the curvatures 
induced by the sefsmtc forces, a requfrement that only applfed to 
precast concrete pi I es In the 1985 Ed It I on. As a resu 1 t of the new 
requirements, procedures for determfning mfnfmum spfral reinforcement 
fn precast-prestressed piles subject to severe forces are omitted from 
the 1988 Ed It I on and the use of precast-prestressed pf I es In the 
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h I ghest Se Ism I c Performance Categor I es ( wh I ch was proh I bf ted In the 
1985 Edftlon) fs allowed. 

CHAPT£R 8, ARCHITECTURAL, MECHANICAL ANO ELECTRICAL 
CONPONENTS ANO SYSTENS 

I 

In Chapter 8, the word "attachment" Is used exc 1 us Ive 1 y in the 1988 
Edftfon rather than being used Interchangeably wfth the word "connec
tor" as In the 1985 Edition. This change was made to help distinguish 
nonstructural connections (attactvnents) from structural connections. 

A more c0f11)1ete derivation of the equations In Sec. 8.2, "Architectural 
Design Requirements," has been added in the 1988 Edition of the Commen
tan1. 

Other changes Include a new section dealing with raised access floors 
(Sec. 8.2.6) and a requirement for flexible connections at utf 1 fty
structure Interfaces (Sec. 8.3.5.2). 

CHAPT£R 9, WOOD 

Sect I on 9. I, "Reference Docunents," has been updated for the 1988 
Ed It ton to f nc 1 ude the most recent vers Ions of the standards and 
specifications that apply to design In wood. 

The values for plywood diaphragms fn Table 9-1, "Allowable Shear In 
Pounds per Foot (at Working Stress) for Horizontal Diaphragms with 
Framing Members of Douglas Fir-Larch or Southern Pine for Seismic 
Loading," also have been updated to Include the most recent nationally 
accepted values. 

CHAPTER 10, STEEL 

Reference Daaaents 

The 1 I st Ing of reference doclnents for stee 1 (Sec. 10. 1) has been 
updated for the 1988 Edftlon. Where changes In the new edltfons of the 
reference documents affected the 1985 Edit1on of the Provisions, the 
corresponding changes have been made for the 1988 Edition. 

Added to the 1 I st Is the Amer I can Inst I tute of Stee 1 Construct I on' s 
(AISC's) Load and Resistance Factor Desfgn Speciffcatfon for Structural 
Steel Bu1ldings (September 1, 1986). To reflect the new reference, 
load and resfstance factor design (LRFD) 1s presented In the 1988 
Edit I on of the Provisfons f n a new "Appendix to Chapter 10" as an 
alternate des I gn procedure. The only mod f ff cat f on to the LRFD pro
cedure as specified In the AISC document Is that for Seismic Perfor-
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mance Categor f es D and El deta 111 ng that w 111 prov f de resu 1 ts equ 1-
va 1 ent to those obta1ned by the use of the provfsfons fn the body of 
Chapter 10 fs requ1red. 

Braced Frames 

A new section (Sec. 10.8) dealing w1th concentr1cally braced frames has 
been added for the 1988 Edftfon to apply to all brac1ng systems other 
than eccentr I ca 11 y braced frames. The changes t n des I gn ru 1 es for 
concentric brac1ng systems are substant1a1; however, they apply only to 
Se f sm t c Performance Categor I es D and E. These new requ I rements are 
included fn the 1988 Edition to reflect the curr~nt state of technical 
knowledge. 

In the 1985 Edition of the Prov1s1ons, the design of eccentrlcal ly 
braced frames was covered In an appendix to Chapter 10. Since these 
provisions have been reviewed and validated at many levels during the 
past three years, they have been lncorPorated fnto the body of Chapter 
10 In the 1988 Edition. Refinements to the eccentrically braced frame 
requirements that have been made since publlcat1on of the 1985 Edition 
were Included where appropriate. 

As In other chapters, editorial changes were made, some In resPonse to 
1985 ballot comments, to clarify the Intent of the Provisions and to 
acconvnodate the other changes made In the -document. 

atAPTER 11. RE I NFORCED CONCRETE 

Changes to Chapter 11 Include refinement of the modifications to the 
basic reference document, the American Concrete Instltute's Building 
Code Requirements for Re1nforced Concrete CACI 318-83). These changes 
Included the following: 

• The prohlbftfon on welding of stirrups, etc., to longitudinal 
reinforcing was dropped. The basic reference standard (ACl-
318) requires the specific approval of the engineer for such 
welding. 

• The additional requirements for transverse reinforcement were 
ref f ned to specf ff cal ly address placement at walls and at 
footings. 

• The 1985 modi fl catfon of force calculation requirements In 
structural truss members, struts, ties, and collector members 
(Sec. A.5.2.3 of ACI 318-83) to "may" was revoked; the 1988 
Edition wording reverts to "shall." 
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• Hook Ing of transverse re I nforcement term I nat Ing at edges of 
shear walls Is not required In the 1988 Edltton when stresses 
drop below a certain level. 

• The definition of Joint area AJ was reworded. 

• The modification requiring that shear strength of the concrete 
sect f on be f gnored when the earthquake- f nduced shear repre
sents more than 1/4 of the total shear was dropped. Thus, the 
requirement reverts to the less stringent requirement of ACI 
318 based on earthquake shear of more than I /2 the tota 1 
shear. 

• Precast and other systems not spec ff I ca I I y meet Ing the re
qu I rements of Appendix A of ACI 318-83 may be used If it can 
be shown by ev I dence and ana I ys f s that c~rab I e strength 
and toughness will be achieved. 

• Post-tensioning tendons may be used In seismic resisting 
elements within certain I Imitations and additional requl re
ments on the use of post-tensioning tendons are specified. 

• Equation A-4 In ACI 318 for the minimum area of rectangular 
hoop re Inf or cement requ I red Is mod I ff ed; O. 12 Is reduced to 
0.09. 

• Haxfmum allowable spacing of transverse reinforcement In 
Joints Is Increased to 6 tnches under certain circumstances. 

As for other chapters, editorial changes were made as necessary to 
reflect the changes made In other areas of the document (e.g., Table 
11-B whf ch defined Class B. I and B.2 In the 1985 Edition was omitted 
s I nee the change to ff ve Se Ism I c Performance Categor I es In the 1988 
Edition eliminated the need for ft). 

Changes to the Co11aentarv of Chapter 11 Inc 1 ude the add It I on of a 
discussion of and a list of references that address the design of seis
mically resistant precast structures. 

CHAPTER IZ, NASOllrf 

Chapter 12 has been completely rewritten for the 1988 Edition of the 
Provisions. The 1985 Edition referenced several standards and required 
use of the Un1for11 Build1ng Code masonry provisions for Seismic Perfor
mance Categories C and D. The 1988 Edition references Instead the new 
American Concrete lnstttute-Amerfcan Society of Ctvtl Engineers Bu1ld-
1ng Code Requ1re11ents for ftasonrv Structures (ACI-ASCE 530) tncludlng 
Appendix A, "Special Provisions for Seismic Design," and Specff1cat1on 
for ftasonrv structures (ACI-ASCE 530.1-88). This reference ts the 

266 



Appendix I 

f I rst nat Iona I consensus standard for masonry deve I oped In near I y 30 
years. The Commentary for Chapter 12 also was rewritten to Incorporate 
the change In design procedures. 

The bu I k of the techn I ca I requ I rements In the 1988 Ed It I on are the 
same as or are very slml lar to those given In the 1985 Edition, but 
their appearance Is different due to the fact that many of the require
ments now are found In ACI-ASCE 530, etther fn the main boc:ty or In Its 
seismic appendix. For example, the provisions of the 1985 Edftlon's 
"Appendix to Chapter 12" regarding anchor bolts In masonry are con
tained In the main body of ACI-ASCE 530. Most of the restrictions on 
materials and mf nfmun reinforcement requf rements are In the seismic 
appendix of ACI-ASCE 530. 
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Tt£ BSSC PROGRA" 
ON lttPROVED S£1SNIC SAFETY PROVISIONS 

BAC<GROUND 

Regu 1 at f on of the des f gn and construct f on of bu f 1 d f ngs f n the Un f ted 
States has hf storfcal 1y had as fts prfncfpa1 afm the protection of 
publ f c health and safety and, specffl ca1 ly, protection of the pub1 f c 
from the actions of the Individual property owner. In recent years, 
'however, regulatory at tent I on has been g I ven to a grow Ing array of 
public welfare Issues such as the economic and social conmunlty impacts 
of large-scale property losses due to natural or manmade disasters. 

In the case of earthquake hazard mftfgatfon, the federal government Is 
responsible for the performance of federal buildings and for limiting 
the ff nanc I a 1 loss exposure that sterns from the Pres f dent's author.I ty 
to declare disaster areas and to provide a wide range of post-disaster 
services and assistance. Except for certain types of facf1ftfes, 
however, the federal government does not have the author I ty to pre
scr I be standards affecting nonfederal buildings. 

The Building Selsmfc Safety Council (BSSC) was conceived as an entfre1y 
new type of I nstr1..111ent for deal f ng w f th th f s complex regu 1 atory en
v f ronment and the re 1 ated . techn I ca 1 , soc fa 1 , and economf c Issues 
Involved In developing and promulgating building earthquake hazard 
m It f gat f on regu 1 atory prov f sf ons that are nat f ona 1 In scope. By 
br f ng f ng together f n the BSSC a 11 of the needed expert f se and a 11 
relevant publfc and prfvate Interests, ft was believed that the Issues 
related to the set smfc. safety of but ldlngs could be resolved and the 
Jurlsdfctfonal problems overcome through authoritative guidance and 
assistance backed by a broad consensus. 

The BSSC was establ f shed In 1979 under the auspices of the National 
Institute of Bufldfng Sciences (NIBS). It Is an Independent, voluntary 
membershf p body representing a wfde variety of but ldfng conmunfty 
Interests. Its fundamental purpcse fs to enhance publ lc safety by 
provfdl ng a national forum that fosters fmproved seismic safety pro
vfsfons for use by the but ldlng conmunlty In the planning, design, 
construction, regulation, and utilization of buildings. 
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To fulfill 1ts purpose, the assc: 

• Promotes the development of sefsmfc safety provfslons suitable 
for use throughout the United States; 

• Reconmends, encourages, and promotes the adopt f on of appro
pr I ate se f sm I c safety prov 1s f ons f n vo 1 untary standards and 
model codes; 

• Assesses progress fn the fmplementatfon of such provisions by 
federa 1 , state, and 1 oca 1 regu 1 atory and construct f on agen
c f es; 

• Identffles opportunftfes for improving seismic safety regula
tions and practices and encourages public and private organl
zatfons to effect such Improvements; 

• Promotes the development of training and educational courses 
and materfals for use by design professionals, buflders, 
building regulatory officials, elected offfclals, fndustry 
representatives, other members of the building conmJnlty, and 
the public; 

• Advises government bodies on their programs of research, de
velopment, and Implementation; and 

• Per I od f ca 1 1 y rev fews and eva 1 uates research f Ind I ngs, prac
t f ces, and experience and makes reconmendatlons for Incorpora
tion into seismic design practices. 

The BSSC's area of Interest enc~sses all building types, structures, 
and related facilities and includes explicit consideration and assess
ment of the social, technical, admlnfstratl ve, pol ltlcal, legal, and 
economl c lmpl I catfons of Its del lberatlons and reconmendatlons. The 
BSSC believes that the achievement of Its purpose Is a concern shared 
by all fn the public and private sectors; therefore, Its activities are 
structured to provfde all Interested entitles (I.e., goverrvnent bodies 
at all levels, voluntary organizations, business, Industry, the design 
profession, the construction Industry, the research conmunlty, and the 
general .publ lc) with the opportunfty to partf cf pate. The BSSC also 
be I I eves that the reg i ona 1 and 1 oca 1 d ff ferences In the nature and 
magnitude of potentfally hazardous earthquake events require a flexible 
approach to seismic safety that allows for consideration of the rela
tive risk, resources, and capabllftles of each conrnunfty. 

The BSSC I s conm I tted to cont I nued techn I ca 1 Improvement of se 1smf c 
design provisions, assessment of advances fn engfneerlng knowledge and 
design experience, and evaluation of earthquake Impacts. It recognizes 
that appraprfate earthquake hazard reduction measures and fnltfatlves 
shou Id be adopted by ex f st Ing organ I zat f ons and Inst f tut 1 ons and 1 n-
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corporated, · whenever possible, Into their legf slatlon, regulations, 
pract Ices, ru 1 es, codes, re 1 f ef procedures, and I oan requirements so 
that these measures and fnltiatfves become an integral part of estab
lished actfvftfes, not additional burdens. The BSSC Itself assumes no 
standards-making and -promulgating role; rather, ft advocates that 
code- and standards-formulation organizations consider BSSC recommenda
tions for Inclusion Into their documents and standards. 

PROGRAN FOR IttPROVED SEIS"IC SAFETY PROVISIONS 

It is In this context and wfth funding from the Federal Emergency Han
agement Agency (FEHA) that the BSSC fnltlated Its multiphased Program 
on Improved Seismic Safety Provisions directed toward the creation of 
authoritative, technically sound resource documents that can be used by 
the vo 1 untary standards and mode 1 code organ I zat ions, the bu I 1 ding 
community, the research conmuntty, and the public as the foundation for 
Improved seismic safety design provisions. 

The genesis of the effort of which the BSSC program is a major element 
began with fnftfatlves taken by the National Science Foundation (NSF) 
as a part of Its earthquake research support program. Under agreement 
with the National Bureau of Standards (NBS), the Tentative Provisions 
for the Development of Seismic Regulations for Buildings (referred to 
in this report as the Tentative Provisions) was prepared by the Applied 
Techno 1 ogy Councf 1 (ATC). As the ATC ·noted, the document was the 
product of a "cooperative effort with the design professions, building 
code Interests, and the research community." Its purpose was to 
" •.• present, f n one comprehens f ve document, the current state of 
knowledge In the fields of engfneerfng seismology and engfneerlng ·prac
tlce as ft pertains to seismic design and construction of bul !dings." 
The docunent Included many Innovations, however, and ATC acknowledged 
that a careful assessment was needed. 

Fol lowing the Issuance of the Tentative Provisions In 1978, NBS re
leased Technical Note 1100, "Analysts of Tentative Seismic Design 
Provisions for Buildings." In this note, NBS reported its " ••• system
atic analysts of the l_oglc and Internal consistency of [the Tentative 
Prov 1 s 1 ons]." Based on I ts determf nat I on of the need to dea 1 wt th 
unreso 1 ved pub 1 I c comments on the Tentative Prov1s1ons and f ssues 
raised In Its own analysis, NBS Issued a Plan for the Assessment and 
Implementation ot Se1sm1c Design Provisions for Bu1ld1ngs In November 
1978 as Its final submission to NSF. This plan Included the following 
tasks: 

I. A thorough rev I ew of the Tentative Provisions by all inter
ested organizations; 
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2. The conduct of trfal desfgns to establish the technical valfd
fty of the new provisions and to predict their economic 
impact; 

3. The estab 1 I shment of a mechan f sm to encourage consideration 
and adoption of the new prov f s Ions by organ 1 zat f ons promu-
1 gat f ng the appropr fate nat Iona 1 standards and mode 1 codes ; 
and 

4. Educational, technical, and administrative assistance to 
facf lltate implementatfon and enforcement. 

During this same period, other events sfgnlffcant for this effort were 
taking place. In October 1977, Congress passed the Earthquake Hazards 
Reduction Act of 1977 (P.L. 95-124) and the National Earthquake Hazards 
Reduction Program (NEHRP) was released by the Aanlnf stratfon on June 
22, 1978. The concept of an Independent agency to coordinate al 1 
emergency management functions at the federa 1 1 eve 1 a 1 so was under 
discussion. When this concept was effected and FEHA was created, FEHA 
became the implementing agency wfth NSF retafnfng its research-support 
role. Thus, the future disposition of the Tentative Provisions and the 
1978 NBS plan shifted from NSF to FEHA. 

The emergence of FEHA as the agency responsible for Implementation of 
P.L. 95-124 (as amended) and the · NEHRP also requfred the establfstvnent 
of a mechan f sm for obta In i ng a broad pub 1 f c and pr I vate consensus on 
both reconmended improved housing and building design and construction 
regulatory provisions and the means to be used fn their pron¥.Jlgatlon. 
A series of meetings was held between representatives of the original 
participants fn the NSF-sponsored project on seismic design provisions 

· (the ATC; its parent organization, the Structural Engineers Association 
of Ca 11 forn la; NSF; and NBS), FEHA, the American Society of Cf vii 
Engineers, and the National Institute of Building Sciences. From these 
meetings, the concept of the Building Seismic Safety Council was born. 
As the concept began to take form, progressively wider publ fc and 
prl vate participation was sought, culminating In a broadly repres
entative organizing meeting In the spring of 1979 In St. Louis, Hfs
souri, at which time a ·charter and organizational rules and procedures 
were thoroughly debated and agreed upon. 

In essence, the BSSC provided the mechanism envisioned In Task 3 of the 
1978 NBS plan (a forlMII for elements of federal, state, and local gov
ernments; standards and model code bodies; professional societies; 
building industry and trade organizatfons; the research conmunfty; and 
consumer groups to participate equally in the development of a consen
sus on improved building sefsmlc safety provfsions and the means for 
the fr pron¥.J 1 gat ion through the ex f sting pub 11 c and pr I vate bu f 1 d f ng 
regulatory systems throughout the nation). A Joint BSSC-NBS conmfttee 
then was formed to conduct · the rev few ca 11 ed ·for in Task 1 of the 
plan. The review effort concluded fn 1980 and resulted In 198 recom-
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mendatlons for changes in the Tentat1ve Provisions (Review and Refine
ment of ATC 3-06 Tentative Seismic Provisions, NBSIR 802111-11). FEHA 
provided funds to both the BSSC and NBS to support thfs actfvlty. 

As the review effort drew to a close, the BSSC and NBS created another 
Joint conmfttee (Conmlttee lOA) to develop criteria by which the trial 
designs called for In Task 2 of the 1978 NBS plan could be evaluated 
and to reconmend a specific trial desfgn program plan. Subsequently, 
the BSSC created a special BSSC-NBS Trfal Design Overview Conmlttee 
(Conmlttee 12) and charged ft to, among other activities, revise the 
Coom I ttee 1 OA p 1 an to acconmodate a mu 1 ti phased effort and to ref I ne 
the Tentative Provisions, to the extent pr act I cab 1 e, to ref1 ect the 
recommendations generated during the earl ler review. The Overview 
Conmlttee completed the revised plan In August 1982. It was released 
In Novent,er 1982 as Plan for a Tr1al Design Program To Assess Amended 
ATC 3-06 Tentative Provisions for the Development of Seismic Regula
tions for Buildings (NBSIR 82-2589/BSSC 82-1). 

Tt£ TRIAL DESIGN EFFORT 

The BSSC then Initiated the effort to develop the actual trial designs, 
which would include the fol lowfng bui ldlng types and structural sys
tems: 

Building Types 

Low-, mid-, and high-rise residential CR) bufldfngs, 
Hid- and hlgh-rfse office (0) buildings, 
One-story industrial (I) buildings, and 
Two-story comnercla1 (C) bul ldlngs. 

Structural Systems 

1 • Latera I I oad systems 

a. Shear wa 11 s 
(1) Cast-In-place concrete 
(2) Precast and prestressed-precast concrete 
(3) Masonry 
(4) Plywood on wood studs 

b. Braced frames--conventfonal steel 

c. Unbraced frames 
(1) Cast~in-place concrete both special and ordinary (as 

defined In the amended Tentative Provisions) 
(2) Steel, both special and ordinary, conventional and 

pre-engfneered 
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2. Vertfcal load systems 

a. Bearing wall buf ldfngs 
( 1) Wal 1 s 

(a) Cast-in-place concrete 
(b) Precast and prestressed-precast concrete 
(c) Masonry 
{d) Plywood on wood studs 

(2) Floors 
(a) Concrete slabs, both cast-In-place and precast, 

ordinary and prestressed 
Cb) Steel joists with decks and slabs 
(c) Wood framing with plywood decks and lightweight 

concrete f i 11 

b. Framed bulldfngs 
(1) Cast-In-place concrete flat slabs, waffle slabs, pan 

joists, and beam and slab systems, both ordinary and 
pres tressed 

(2) Precast concrete, both ordinary and prestressed 
(3) Steel girder and purl In, beam and Joist, and 

long-span truss systems with decks and slabs 
(4) Wood framing 

It orfgl nal ly was Intended that the trial design effort would be 
conducted in two phases with Phase I includfng trial designs for 27 new 
buf ldlngs fn 4 major cities with medium to high seismic risk (Los 
Angeles, Seattle, M~hls, and Phoenix) and Phase I I including 73 
bu I l d I ngs In 7 cit f es ( Los Angel es, Seatt l e, Memph Is, Phoen Ix, New 
York, Chicago, and Minneapolis). Financial lfmftatlons, however, 
required that the program be scaled down as follows: During Phase I of 
the program, 10 design firms were retained to prepare trial designs for 
26 new buildings In 4 cities with medium to high seismic rlsk--10 In 
Los Angeles, 4 In Seattle, 6 In Memphis, and 6 In Phoenfx. Durfng Phase 
II, 7 ffrms were retained to prepare trial desfgns for 20 buildings tn 
5 cities with medfum to low selsmfc rlsk--3 fn Charleston (S.C.), 4 In 
Chfcago, 3 fn Ft. Worth, 7 fn New York, and 3 In St. Louts. For sfx of 
these bu f 1 d I ngs , a 1 ternat I ve des f gns a 1 so were deve 1 oped. ( The sche
du 1 e of baste designs from which the trial designs were chosen and the 
trial design ffrms are presented as Tables C-1 and C-2, respectively.) 

Each building was designed twice: once according to the amended Tenta
tive Provision5 and once according to the prevailing local code for the 
partfcular location of the design. Basic structural designs {complete 
enough to assess the cost of the structural portion of the building), 
partial structural designs (special studies to test specific para
meters, provisions, or objectives), and partial nonstructural designs 
(complete enough to assess the cost of the nonstructural portion of the 
building) were prepared and design and construction cost estimates were 
developed. The BSSC-NBS Overview Committee, assisted by a technical 
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TABLE C-1 Cities Schedule of Baste Trial Destwas 
wM I t'NI .. II 

Pl1n Form 

Verllcal 
I.old 

!lvst1111 
!llllmlo Reslallrc Sy•tem 

r.omoonenU 
Other V•rllcal 

r.omnnnent • 
Floor or Roof 
romoonent1 

C011eret1 m11onrv will Wood + iilvw..,.,,dlalilir11i'm ~ -i 
Btlck anel eoncr111 m11onl'Y w....., • ft•uw~ dl1nhri•m 2A l 

• • 
l"-'-""Con ... c __ r-"1 ... 1, ____ m __ 1 __ 10tv ..... "-•--• .. 1ll.._ ____ +-------+;,;Pr:..:;•;:.•l;,,r.::;H=H";:..:'':::••:.:..h..,.._,_._,1-il.---+-..;...1µ-1,~• t 

Relnlorcid concr111 ilari 4 5 
Brlak wall Relrilorctcl co11cre11 1l1li s TI 1 • llurlllf 

w,111 
t--------------+-------,1-R:.:.•::''::.:"a.'o.,,r,::;«:.;•d~c;:;on:::C,:.r.=,la,ll:...:,llll=b-11-=u·-1i..:.;'D=-+-+--l---µ44-.J-1.! 

Steel Joist a 5 
llrlak and concrete m•1onr1 will • 

Steel Joist 7 12 

Reinforced conreta wall 

Rnldenllal Prestreued •lab 11 5 
PHe•II eoncreta wall 1----------+--+-+-1-+-+--1-4-l-+-I -

Steel, braced Ira me ltr •nsverMI/ 
moment frame llon«lludln • II 

Ralnforc:ed eonc:ret1 •hear wall 

Prestr •ued 1lllb 12 12 

llta• I Pr11nlnc Steel Jol1t1 I J 10 

Steel Pramlrc Steel bHm & llr. 1l1b 14 20 
RC lrarnlM A,.---rlat nl1t1 TI to • 
RC Ira min• Po1t•len11on..t --ir11 nl111 Tl 2n 

• • ·; . 
Complete 1--------------1-.:.N= •..:.:.: rra=..:m:::,1:::'"L..•---,1-:.;Po~•~t•;i•t:::•:::n1!.:.1o~n::.:•""::l-:..:'~.:.'ll:...,= "'::.:11:..:t.:.•-1i-.:.ff.:....4-= lOJ.-.l~4--+--I---I-I---I--
Vertlcal Reinforced eoncrela moment RC fr1ml11r RC n,1 pt111 II 10 • • I.old 
carrylnc t--'-"_m_,_1p_,_r_1m_•_1_1_r1 _____ -+_R_C_f_r•_m_1_nr-=---,1--R_c_n_,1.....:.p_l•_•_• ____ --il--1_,--il--20-1-+-1--+-1,-+--1--1--+-
Pr1m, RC framlnc RC n,1 pl•I• 20 20 

B11rl111 
••Ill 

ornce Compl1t1 
Vartlcel 
I.old 
c• rrylnc 
Prtllll 

eartnc 
WIIII 

RC, MP (perimeter) cit SW (dual) 

Reinforced conc:r1t1 wall (core) 

PC WIii 11n11r1or It Hlerlorl 

Reinforced conerat1 •hear will 

Steel br1c •d fr1m1 

111111 momant fr1m1 

:,1111 MP II RC aw ·~·-· 

• r -• Ir II .. lffllall 

Conllt'all 1111•onrw ••II 
PC wall (111ayb• PS) 

RC rramlnc RC n,1 plat, 20A 30 

RC framlnc RC n,1 1l1b 21 10 

RC fremlnc RC n,t llah 22 20 
P!I rnm111• Prntre•~ slab TI llf 
Steel framlnc Steel he1m 6: RC 1l1b 24 10 

Steal fr1ml111 Steel bu1n cit RC 1l1b 25 20 

Steel framllll( Steel beam 6: RC 1lah 21 20 

s1111 framlnc Steel be1m cit Rr. •lab 2M 
lee ram n• tee ~-m 7i ~ •T~o, !f 11r , 
IH ,am,_ IOI iftl1I "" 7( 

•• r1m1
- tee -·m Ii ,. ••~ 1..- ·11 

H ram - IH .... ,m llr , I • 
IH rarn ,... IH ""lffl llr • I • 
IH ram n• "!tee .,.,m llr 1 • • • 

ram•- u , nan i..111 11r w11111 10 • 

H rram•- t••' "'111 7, 
ramuw retlreaad •••n 11 
ramlnc Pl. doUht1 leC1 ~ " II 

h,....,,...,....,,,. ...... .,..-------h,--.-,,..,...,,,,-,,----f .J.!rdura • he1111 
PC llll•IID ••II -~ fra,nl"" w- ...... _.. ~, ---.. • 

• 

•• 
• • 

• 
• • • 

-• 
• 

• 
II 

lnduatrlll I C:ompllll 1-..:..:: PC'"-.:!llllc::l="'"'.:...::•:.:•:.::..11 ....... ______ -"...::.:: Sl1::e::..ll:.:,r:•:::m~11,...___l-::.Sl:;:e::e.:..I.= lnl::11:..,.. _____ +..::~.:;....+--Y--'-, +-Hl"''-l--+-IH-1--H 
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TABLE·c-2 Design FIMIS and Types of Building Designs 

City/Design Fir• Bulldlng Type/Nu•ber froa Table C-1 
=•===•=====•========================z=============•s::s:a:::::~s=~•=:sa2c:::z::::::::::===•=========•••===== 
Charleston, South Carolina 

Enwright Associates, Inc. 

Chicago, llllnols 

Alfred Benesch and Co•pany 

Klein and Hoff•an, Inc. 

Ft. Worth, Texas 

The Datu•/Noore Partnership 

Los Anget,s, California 

S. 8. Barnes and Associates 

Jollnson and Nielsen Associates 

llhteler and Gray 

llellphls, TenntSSH 

A II en and Hoslla II 

Ellers, Olkley, Chester and Rike, Inc. 

5-story brick and RC block bear!ng walls (R)/CSC 6; 10-story 
steel fraae with RC shear walls (O)/CSC Z4; I-story steel 1101ent 
and braced fr111 (1)/CSC 39 

3-story brick and RC block bearing walls with plywood floor and 
roof dlaphragas (~)/C ZA; 20-story RC fraae with RC shear walls 
(R)/C 16 

12-story RC bearing wall (R)/C 9; para•etrlc study of steel 
•oaent and/or braced fraaes (O)/C 26, 27, 30; I-story precast RC 
bearing walls with PC double tee roof (1)/C 36A 

5-story RC block walls with prestressed slabs (R)/FW 3; 10-story 
RC· fr• with RC shear walls (R)/FW 15; 5-story steel 101ent 
fr811 (O)/FW 27A 

3-story wood with plywood walls (R)/LA I; I-story wood fr111 with 
precast concrete tilt-up walls (1)/LA 37; I-story steel with 
1011ent and braced fraaes (1)/LA 39; z-story stHI fra•e with RC 
block val ls (C)/LA 41 

Z0-story steel 101ent fraae with shear val ls (dull) (O)/LA 3 

IZ-story reinforced brick bearing vall vlth RC slabs (R)/LA 5; 
18-story RC fr111 vlth shear val ls (R)/LA 15; 10-story RC fraae 
(perl•eter) with RC slabs (R)/LA 18; 10-story steel IQlent fraae 
LA 27(0)/ 

5-story bearing wall (R)/N 8; I-story steel fr111 with RC tilt-up 
exterior shear walls (1)/N 38; 2-story steel fra•e with 
nonbearlng RC block walls (C)/N 42 

20-story stHl •o1t11t and braced fr•e with RC slab floors (R)/ 
N 14; 10-story RC aent frat (perl•eter) (R)/N 18; 10-story 
steel 1111ent fraae (special) with RC slabs (O)/N 27 
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TABLE C-2 continued 

City/Design Fir• Building Type/Nu•ber froa Table C-1 
==============================•==========•=====a••===============•=====z====•~=•=•=••=========•====•••===••• 

New York, New York 

Veldllnger Associates 

Robertson, Fowler and Associates PC 

Phoenix, Arizona 

Nagadlnl-Alagla Associates 

Read Jones Chrlstoffersen, Inc. 

12-story brick bearing wall (R)/NY S; 30-story RC •o11ent fr11e 
and nonbearlng shear wall (du•I> (R)/NY ZOA; 18-story RC •oaent 
fr11e (01/NY 32 

20-story RC bearing wall (01/NY 22; 5-story steel •o11ent fr11e 
(0)/NY 27A; 30-story steel 101ent fra•e (0)/NY 28A; Z-story 
steel fraae with RC block walls (II/NY 41A 

5-story RC bearing wall (R)/P 10; 20-story RC bearing wall with 
core shear walls (01/P 22; 10-story RC frat1t (ordinary) (0)/P 32 

3-story RC block bearing wall (Rl/P 2; 5-story RC block betrlno 
wall (R)/P 3; I-story steel fraae with RC block shear walls (I)/ 
P 35 

---------------------------------------------------------·--p·-----------------------------------·-------------
, St. Louis, Nlssourl 

Theiss Enolneers, Inc. 10-story clay brick bearing wall (R)/SL SA; 21-story RC fr11t 
with shear walls (R)/5L 16; 5-story stnl fraae with braced 
fraaes at core (0)/5L 26A 

----------------------------------------------------------------------------------------......................... . 
Seattle, Washington 

ABAN Engineers, Inc. 

Bruce C. Olsen 

Skilling Vard Rogers 8arkshlre, Inc. 

10-story steel fr11t with RC shear walls (0)/5 24 

3-story wood with plywood walls (R)/5 11 I-story long-s,an steel, 
38-foot clear height, aoaent and braced fraaes (1)/S 40 

21-story steel fr111-dual special and braced fr11ts (0)/5 H 
----·---------------------------------------------------------------------------------------------------------·--
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consultant, reviewed the design concept and approach at various stages 
( interpretation of design · criteria, analysts of load effects, and 
comp 1 et I on of des I gn) • The des I gn f I rms were asked to cert I fy the 
accuracy of the I r ca 1 cu 1 at Ions and to report the fr f Ind I ngs. During 
Phase 11 of the program, at tent I on a 1 so was g I ven to the regu 1 atory 
aspects of the amended Tentat1ve Prov1s1ons. 

For each of the 52 designs Included, a set of building requirements or 
genera 1 spec If I cat Ions was deve 1 oped and prov I ded to the respons I b 1 e 
des I gn eng I neer Ing fl rm, but the designers were given lat ltude to 
ensure that building design parameters such as bay sfze were compatible 
wfth local construction practf ce. The designers were not permitted, 
however, to change the basic structural type. For exal11)1e, they could 
not change from a re I nforced concrete frame system spec If I ed In the 
bu I 1 d Ing requ f rements to a ref nforced concrete shear wa 11 system. 
Such changes were not permitted even ff an alternative structural type 
would have cost less than the specified type under the early version of 
the Prov i s1ons, and th Is constra Int may have prevented .the des I gner 
from selecting the most economical system. Consequently, some of the 
cost impact f nformat I on d fscussed In the "Chapter 1 Conmentary" may 
reflect overly high estimates for some trial designs. 

Phase II concluded with publication of: 

• A. draft version of the reconmended provisions, The NEHRP 
Recommended Provis1ons for the Development of Seismic Regula
tions for New Buildings, that Included three parts--the draft 
prov I sf ons, the draft conmentary to the prov i s Ions, and an 
append Ix that presented Chapters 13-15 of the or I g Ina 1 ATC 
document concerning existing buildings; 

• An overv few of Phases I and I I of the BSSC program that In
c 1 uded the BSSC-NBS Overview Conmlttee's analysis of the 
resu 1 ts and the execut Ive sunmar I es from the reports of the 
design firms participating In the program as well as a series 
of appendixes that presented the Initial amenanents to the 
original A.TC document, the original trial design program plan, 
the plan for .studies to be conducted In Phase I I I of the 
program, the detailed contract work plans for Phases I and II, 
and a list of the members of the BSSC technical conmlttees. 

• The deslg~ firms' reports. 

DEVELOPttENT OF TI£ 1985 EDITION Of TI£ 
1IEDP IECOIIJIDDED P20VISIO•s 

The draft provisions Issued at the conclusion of Phase II reflected the 
Initial amendments to the original ATC document as well as further re
finements made by the Overview Conmlttee during Phases I and II of the 
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program. They represented an interim set of provisions pending thefr 
balloting by the BSSC member organizations during Phase Ill of the BSSC 
program, which began In July 1984. 

The ff rst ballot, wht ch was conducted in accordance wtth the BSSC 
Charter, was organized on a chapter-by-chapter basts using a form that 
provided for four responses: yes, yes with reservations, no, and ab
stain. All "yes with reservations" and "no" votes were to be accom
panied by an explanation of the reasons for the vote and the "no" votes 
were to be accompan t ed by spec ff t c suggestions for change t f those 
changes would change the negative vote to an affirmative. 

A 11 comnents and "yes wt th reservat ton" and "no" votes recet ved as a 
result of the first ballot were compiled. Proposals for dealing with 
these responses then were developed for consideration by the Technical 
Overview Conmittee and, subsequently, the BSSC Board of Direction. The 
draft prov Is tons were then revf sed to reflect the changes deemed 
appropriate by the BSSC Board and were submitted to the BSSC membership 
for balloting agafn In August-September 1985. 

As a result of this second ballot, virtually the entire provisions doc
ument received consensus approval, and a special BSSC Council meeting 
was held In November 1985 to resolve as many of the remaining differ
ences as possible. The 1985 Edition of the NEHRP Recommended Prov1-
s1ons then was transmitted to FEHA for publication fn December 1985. 

COttPLEMENTARY DOCUMENTS 

Dur f ng the next three years, a number of documents were pub 1 t shed to 
support and complement the 1985 Edition of the NEHRP Recomaended Prov1-
s1ons and a project was Initiated to stimulate widespread use of the 
Prov1s1ons (Phase V of the BSSC Program). The reports Issued Include 
the fo 1 lowl ng: 

• A guide to application of the Prov1s1ons In earthquake-resis
tant building design. 

• A nontechnl cal explanation of the Prov1s1ons for the lay 
reader. 

• A handbook for Interested merrt>ers of the buf ldfng c011111Unlty 
and others explaining the societal l~ltcattons of uttltzlng 
f~roved seismic safety provisions and a c~nton volune of 
selected readings. 

• Handbooks I dent t fy t ng set sm t c des t gn cons I de rat tons ' for the 
owners and other dectstonmakers and design professionals 
responsible for apartment buildings, elementary and secondary 
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school-s, health care facilities, hotels and 'motels, and office 
buildings. 

1l£ UPOATE EFFORT TO PR00UC£ 1l£ 1988 EDITION 

The need for continuing revision of the Provisions had been anticipated 
s I nee the onset of the BSSC program and the effort ( Phase IV of the 
BSSC Program) to update the 1985 Edition for refssuance In' 1988 began 
In January 1986. Ourfng the update effort, nine BSSC Technical Conmft
tees were formed to focus on se f sm f c r I sk maps, structural des f gn, 
foundations, concrete, masonry, steel, wood, archltectural/mechant
cal/electrlcal systems, and regulatory use. The Technical Conmlttees 
( TC s ) worked under the general d 1 rect I on of a Techn 1 cal Management 
Conmfttee (THC), whose function was sfmf tar to that of the Overview 
Conmtttee used during earl fer phases of the program. (The participants 
fn the Phase IV update effort are Identified fn Appendix B.). 

The THC was composed of a representative of each TC as well as addi
tional members Identified by the Board to provide balance. It served 
as the effort coordinator and was charged to deal with global issues; 
to provide the continuing lfalson between the TCs and the BSSC Board of 
Direction, which holds ultimate responsibility for all BSSC programs; 
to consider and respond to all conments and negative votes received as 
a result of the balloting for the 1988 Edition; and to prepare recom
mendations for resolving Issues raised as a result of the balloting. 

The TCs were composed of individuals nominated by organizations deemed 
by the BSSC Board to have both an Interest and expertise In the various 
subjects to be addressed. When additional technical expertise was 
deemed necessary, the Board made additional appointments. Basically, 
the TCs were charged to considered new developments (e.g., newly Issued 
standards) and exper I ence data that had become ava I 1 ab 1 e (e.g. , as a 
result of the 1985 Mexico Ctty earthquake) since Issuance of the 1985 
Edition of the Prov1s1ons as well as those Issues left unresolved at 
the conclusion of the Phase III effort. 

The unreso 1 ved Issues, . wh f ch nunbered 58, focused on the r fsk maps; 
the Sefsmlclty Index and Seismic Performance Categorfes; R factors 
(Inelastic reduction factors); strength versus working stress design; 
drift 1 lmfts; Cr factors (approximate periods of vibration); P-delta 
1 lmf ts (gross st~bl 1 tty); modal analysis procedures, sol 1-structure 
interaction; foundation design requirements; and various Issues In the 
chapter .s on architectural, mechanical and electrical components and 
systems, wood, stee 1 , concrete, and masonry. Each unreso 1 ved Issue 
was addressed by at least one TC; some were submitted as proposals for 
change for the 1988 Edition, some were Incorporated as minor editorial 
revisions, some were considered and rejected at the TC level, and some 
were def erred for study In future update efforts due to the 1 ack of 
available data or time. 

280 



Append1x C 

A number of new issues a 1 so were raised for cons I derat ion during the 
update effort and some were more philosophical than technical. It was 
deemed appropriate. for exaf11) 1 e. to have a 11 the TCs and the Tt1C 
reassess the Intent of the Provisions as stated in the opening para
graphs of the 1985 Edition. and some conmlttees also discussed whether 
damage control in areas of low selsmicfty should be considered in the 
Provls1ons In addition to life safety. As a result of these delibera
tions, several revisions were proposed to clarify the overal 1 objec
t Ives of the document. Another c 1 uster of new Issues concerned the 
relationship of the NEHRP Recommended Provisions to other structural 
and seismic provisions. The Idea of working towards a conwnon format to 
ease Incorporation of one body's standards into another's was endorsed. 
Several proposals also were made to bring the Provisions Into confor
mance with the new editions of the Uniform Building Code and Structural 
Engineers Association of California's Blue Book. These proposals did 
not s I mp 1 y I nvo 1 ve d I rect adopt Ions; rather, they recognized the 
Importance and validity of the research behind the changes in the other 
documents. other new standards such as the AC l-ASCE 530-88 . masonry 
code and the LRFD specification for steel design being developed by the 
American Institute of Steel Construction also stimulated proposals for 
change. 

The TCs and THC worked throughout 1987 to develop spec i ff c proposal s 
for changes needed In the 1985 Edition of the Provisions. ln December 
1987, the Board rev t ewed spec i ff c proposals for change that had been 
developed by the TCs and THC and decided upon a set of 53 proposed 
revisions to the 1985 Edition of the Provisions for submittal to the 
BSSC membership for ballot. Approximately half of the proposals 
reflected new Issues wh 11 e the other half reflected efforts to deal 
with the unresolved 1985 Issues. 

The ballot was malled to each BSSC member organization in February 1988 
for subm t tta l t n Apr I 1 • The ba 11 ot was conducted on an proposa 1-by
proposa I basis using a form that provided for four responses: yes, yes 
with reservations, no, and abstain.1 Fifty of the proposal Items on 
the ballot passed and three failed. All conments and "yes with reser
vation" and "no" votes .received as a result of the ballot were compiled 
for review by the THC. Hany of the comnents cou 1 d be addressed by 
making m I nor editor i a 1 adjustments and these were approved by the 
Board. other comments were found to be unpersuas 1 ve or In need of 
further study c,:furlng the next update cycle and, consequently, no 
changes were made in response to these conments. Finally, a nunt>er of 

1As was the case fn the balloting of the 1985 Edition, the "yes 
with reservations" and "no" votes were to be acc0111)8nled by an ex
p I anat I on of the reasons for the vote and the "no" votes were to be 
accompanied by specific suggestions for change ff those changes would 
change the negative vote to an affirmative. 
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comnents persuaded the THC and Board that a substantfal alteratfon of a 
balloted proposal was necessary, and ft was decided to submft these 
matters (11 fn all) to the BSSC membershfp for reballot. The reballot
f ng began f n June 1988 and concluded fn July. Nfne of the eleven 
reballot proposals passed and two (concerned wfth fncreasfng the Rand 
Cd factors for ordf nary and fntermedfate ref nforced concrete frames) 
fal led. 

On the basf s of the ballot and rebal lot results, the 1988 Edftfon of 
the Provisions was prepared and transmftted to FEHA for publfcatfon In 
August 1988. A report describfng the changes made fn the 1985 Edftfon 
and Issues f n need of attent f on f n the next update eye 1 e then was 
prepared and efforts began to rev f se the comp 1 ementary reports pub-
1 f shed to support the 1985 Edltfon. 
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BUIIDIN:; SEISMIC SAFE1Y CilJtCIL MEMBERS 

AEL-CIO Bu1lding and Cl:l'lstructiai Trades Department 
Arrerican Concrete Institute 

Arrerican a:nsul ting Engineers 01lncil 
Arrerican O:,Jncil of Independent Laboratories, Inc. 

Arrerican Institute of Arch1 tacts 
Arrerican Institute of Steel o::nstructicn 
Arrerican Insurance Services Grcup, me. 

Arrerican Iron and Steel Institute 
Arrerican Plyt,,'OOd Assoc::iatiai 

Arrerican Society of Civil Engineers 
Applied Technology 011ncil 

Associated General o:ntractors of Arrerica 
Associatiai of Engineering Geologists 

Associatiai of Major City Bu1lding Officials 
Associatiai of the Wall and Ceiling Industries, Intematicnal 

Brick Institute of Arrerica 
Bu1lding Officials and C:>de Adni.nistrators, Intemational 
Building CMners and Managers Association, Intemational 

California Geotechnial Engineers Associaticn 
Cana:Uan Naticnal Cltmittee an F.a~ake Engineering 
Concrete Masonry Associatiai of California and Nevada 

Concrete Reinforcing Steel Institute 
~ake Engineering Research Institute 

General Reinsurance Corporation* 
Interagency Cltmittee en Seisnic Safety in o:nstiuctiai 

Intematicnal o:nference of 8.lilding Officials 
Masonry Institute of Arrerica 

Mascnry Institute of Washingtal 
Metal 8.lilding Manufacturers Assoc::iaticn 

Natiaial. Assoc::iatiai of li:me Builders 
Naticnal Associaticn of I-b.lsing and Redevelopnent Officials 

Naticnal Cm.crate MasaU:y Assoc::iatiai 
Naticnal Q:nference of States ai Building C:>des and Standards 

Naticnal Elevator Iooustry, Inc. 
Naticnal Fire Sprinkler Association 

Naticnal Forest Products Assoc::iatiai 
Natiaial. Institute of Building Sciences 

Natiaial. Ready Mixed Concrete Assoc::iatiai 
Cklab:ma Masalry Institute 

Pemianent Omnlssiai for Structural Safety of Bu1ldings * 
Portland Cenent Assoc::iatiai 
Post-Tensiarlng Institute 

Prestressed Oxlcrete Institute 
Rack Manufacturers Institute 

Scuthem Bu1lding C:>de Q:ngress International 
Steel Deck Institute, Inc. 

Steel Plate Fabricators Assoc::iatiai, Inc. 
Steven Winter Associates, Inc.* 

Structural Engineers Association of Arizaia 
Structural Engineers Association of California 

Structural Engineers Assoc::iaticn of Central California 
Structural Engineers Association of Illinois 

Structural Engineers Association of Northern California 
Structural Engineers Associatiai of San Diego 

Structural Engineers Association of Sc:uthem California 
Structural Engineers Association of utah 

Structural Engineers Assoc::iatiai of Washingtal 
The Ha.salty Society 

western states Chmcil Structural. Engineers Assoc::iaticn 
Western states Clay Products Associatiai 

* U.S. GOVERNMENT PRINTING OFFICE : 1991 519-847/21235 

* Affiliate Marbers 
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