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teIl t . It IVC design provisions (ATC-3 I. the TM 5.809-10 Appendix propose d design piovi-

si&Ins . Ag aha bian Asso ciates ’ (AA)  two-dimensional time history modal analysis . U S .
Arm y Construction Engineering Research L~iborat ory ’s (CE RL) three .dj in ensi onal re-
Spou se spectrum modal analysi s and PMB Systems Engineering Incorporated ’s (PMB)
thr ee- di fleuiSioll  al response sped rum modal anal ysis. The comparisons fur the fit ree -story .
du cti le moment resistant steel frame building include the seismic design forces , story
shears , la t e ral  deflect ions , member su es , and frame weights for  the transverse direction
of the buIlding when designed in accordance with the 1975 SEAOC provisions , the 1978
AT(’-3 equivalen t lateral for ce procedure . the 1978 ATC-3 modal analysis procedure , and
the T~d 5 .809- lU Appendix propose d provisions.

l o r  L c t ucr i i i a n  l lo sp i ial . the l%4 U I3C provisions produc e equivalent yield StreSS basis
~I o r ~ shc.ris wh i ch a c  approxi m ately 10 to 35 l)erccnt of the story shears obtained in
A \  ‘s t ime his to r y  modal analysis.  Wh en the dynamic characteristics of the s t ruc t ur e  are
considered in de termining the total  lateral  forces and their d is t r ibut ions , the 1975 SEAOC
provisions produce equiva l ent yield stress basis story shears which are iii reasonable agree-
in en t  wi t h  the story shears oht :uned in AA’s tit ’e history analys i s except in the base
s t ru c t u re  and the intermediate stories in the tower in the east-west (E.W) direction. The
1978 ATC-3 modal analysis procedure produces story shears which are generally approxi-
m ate I~ 100 percent greater than the 1964 UBC equivalent yield stress basis story shears
in the tower and approximatel y 10 percent less th an the 1964 UBC equivalent yield stress
b as i s  s lo[~ shears in the base structure.  When comparable acceleration levels are specifIed .
th e TM 5-809 10 Appendix provisions produce story shears which are in reasonable agree-
me nt wi th  the sior ~ shears fro m AA ’s time history anal ysis except for the lower stories in
t ir e north-south (N-S ) direct ion , where they differ by approximately 20 percent. Further-
i i iorc . the comparison of the 1978 ATC-3 and TM 5-809-10 Appendix provisions and the
PMI3 analysis reveals that  when comparable acce leration levels are specified , the story
shears for the 1978 ATC-3 provisions are approximatel y 30 percent of the story shears
obta ined from the TM 5.809-10 Appendix provisions and the PMB analysis. Considering
t ir e  comp lexity of the s t ruc ture  and the numerous and different assumptions that were
emp loyed , the agreement between the story shears for the TM 5-809-10 Appendix provi-
5iO t I S a m id the PMB anal ysis is excellent.

The lateral detlections for Letterman Hospital indicate that  there is better  agreement
among the lateral deflections in the N-S direction than in the E-W direction , with the
exception that  in both directions , the lateral deflections from the 1964 UBC design
are quite small and bear little resemblance to the lateral deflections obtained by the
other analyses.

For the three-story building, the 1978 ATC-3 story shears are 50 to 60 percent lower
than the l97 5 SEAOC equivalent yield stress basis story shears , while the TM 5-809-10
Appendix story shears are about 325 percent greater than the 1975 SEAOC story shears.
However , there is very litt le difference between the 1978 ATC-3 and TM 5-809-10
Appendix lateral detl ections. Typical lateral force-resistant frames designed in accordance
with the 1978 ATC-3 modal analysis procedure and the 1975 SEAOC provisions have
nearl y identical weights, while frames designed in accordance with the 1978 ATC-3
equivale nt lateral force procedure and the TM 5-809-10 Appendix provisions have weights
about one and one-half and two times greater , respectively, tha it the 1975 SEAOC design .

IJNCLASSI FlED
SECURITY CLASSIFICATION OF THIS PAG E( ’lTh.n bar. Ent.r.d)

- - ,,— -
.~~ . ~~~~~~

-~~~~ - ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 



- -. 
-

~~~~

FOREWORD

this invest igation was pe r formed for the Directorate of Mili tary Programs . Office of
the  Chie f of I ngmn eers (0 (F )  under Proje ct 4A7~!2Z3 l A14 I. “Design . Construction , and
Op erat Io n and Maintenance Technology for Mil i t a ry  FadGiIes :.T~sk ~~~~ . “Mil i ta ry  Con
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CURRENT AND TENTATIV E SEISMIC the \ r uS as Je v isni g ar i d  up d a t in g  I M S h ()a) l(J .
DESIGN PROVISIONS FOR BUI LDI NGS: ~~ i~ o io l ) - s a e a i  1 r l l r i , I . l inc  t o  r i r i p r u s e  sc Is r I i i c

PR EL IM I NARY COMPAR ISONS des i g i  i pa ~ isiolu l ia r  ~o t i V L i i t  in n al  bu i ld ings  ar id  to

~~~ t i e  a ra r ide I imi ~s r t he dcsi g uu o 1 c~se ui i t a l  f a c i l i t i e s
i l i a i  i r i us t  a- u i a a u n i  l u t i ~ t a u i j l  a l t e r  a u i i u l n i  e a r t h qu ake .
Hat - l a t t e r  gu ide l ine s . w h i c h  au c b ased ii t he  te ch-

1 INTRODUCTIO N r i ia l ~~.~ po l iced in th e  ‘t I t  p r u l ecu  . a re  t ai lo re d in

i ir i I r t a r )  a L ’ l u r re ia i en t s .

Background In i ’c b - t , d l d couu tpa r l sn n s  ar id c -valuat ions  in
Re~e ti t  e a r t h q u ake t \ p e r i c u i L e  i i i  t i re  t i iu ie d S ta te s  t h ese s a r i a a n s  5 e i 5 i i i i ~ de sign pl s l s I u u u S  Ira s i . not bee n

suc h as th a t  ~t ai r ied f r a a n r  t I r e  I o4 -\ l a sk aia the 1969 made . s~ r i r u g li t h i S  J i e  urge nt lv n eeded in order in
Santa R~~ i a i d  the I °~~ I San I e r nan d aa  ea r t h q uakes rec oncile l a l l e r e n ee ~ a nd incu n s i s ten ~~res in the design
ha s si aw n t h a t  the phuik ’~u n i t \  f o r  eau t i r q : i_ i ke - r c s i s -  p h ilo sophie s. 1 he ‘ep :t  o a f i r s t  a t t e m p t  at eompanng
r an t  d e si g n it t ha t  inane ss as n i t  coni Ic ’ el~ a d e q u a t e  and es a l u i t  ut ~ v an  us se l sniu _ des ig n provis ions
Thu s ph il ’snph ~ i ,  expressed in b uilding codes . s ij i e s

in  par t  t hat - “b u i l d i n g s  sho uld he h i e  a res ;st a major Purpose
e ar t h quak e . of t h e in tens i t  ar t  s e s e r l t ~ oh t he s t r a n g e s t  [he purpose at  t his  report is to compare cu r r e n t
exp er ien ~ed in (~~I i t u r f l i a . w i t t i u u t  collapse. hut  w i t h  a nd tenta t ive  s e i s m ic design pr ovisions for is; a )  t~ ~~
some s t r u a . ra t is saclI is n o n s t r u c t u t a l  dama ge .~’i The of buildings: ( I )  L e t t e r m a n  Army Hospita l . an existing
collapse at t he  [nu t  Seasons ap a r t m e n t  house in 10-story r e i n l u r u c d  concrete building located in the
, \nuc h oua g e dur ing  the 1( 04 .~h skan ea r th qu ake.  the  Presidio of San Francisco . CA. wh ose desi gn was based
damage sustained h~ the  SOLI j I Serv ice Bui lding dur ing  on the 1964 Uniform Building ( ode ( UBC) and (2 )  a
the  1969 Santa Rosa ear th qu ake .  and the near collapse three-s tory ,  ductile moment resistant steel frame bui ld-
u t  the  mul t i s tor y  Olive \ tew Hospital  dur ing  the  mod- ing located an a region of high seismicity and designed
crate 1 ) 7 1  San Fernando e a r t h q u ak t - ar c oh v i i i ’ s as an essential bui ld ing.  The comparisons for Let terman
examples which indicate  tha t  s i gmi t f i c a i r t  e n gi n eeri n g Hospital include the m agnitude and distribution of the
and sci enti f ic problems st i l l  remain to be solved , seismic story shears and lateral deflecti ons for the 1964

UBC . the 1975 SEAOC provisions , the 1978 ATC-3
hI ( wese r . s a u c e 197 1 - the S t r u c t u r a l  Engineers Asso- tentative seismic design provisions , the TM 5-809-10

ciat i o n of Cal i fornia  (SEAOC ) has revised its “Recom- Appendix proposed seismic design provisions . Agba-
mended Lateral Force Require m ents ” to more rea his- bian Associates ’ f A A )  two-dimens ional time history
tic ah ly reflect the expected dynamic response of real modal analysis , the U.S. Army Construction Eng i n eer-
str u ct ur es , and to provide a means for  establishing ing Research Laboratory ’s (CERL) three-dimensional
more stringent design criteria f o r  essential facilities response spectrum modal analysis , and the PMB
which must be functional for emergency post-earth- Systems Engineering incorporated’ s (PMB) three-
quake operations. Recently ,  the National Science dimensional response spectrum modal ana 1ysis .4~~° The
Foundation and the National  Bureau of Standards comparisons for the three -story . ductile moment resis-
comp leted a jointly sponsored project with the Ap- tant steel frame building include the seismic design
plied Technology Council  (ATC ) to develop compre-
hensive n at ional l y app licable seismic design provisions _____________—
f o r  the United States. The “Tentat ive Prov isions for - .  . . . .

- . -  
- “Seismic Design Guidelines for Critical Buildings. Pro-

the Development of Seismic Regulations for Bunl dings , posed Appendix to TM 5-809-j o (U.S. Army Construction
developed by this project. embody both current and Engineering Research Laborator y I CERL I ,  September 1978 .
several new concepts for seismic design. 2 Likewise , revised March 1979).

4 uniform Building (‘ode , 1964 ed . (Internationa l Confer-
en ce of B u ildi ng Officials . 1964).

tReco,nmended Lateral Force Requirements and Corn-

‘Reco,n,nended !..a(eral Force Requirements and Com- men ta rv (SEAOC . 1975).
mentarv (SEAOC . 1968). 6 ATC-3-06.

2 Tentati i ’e Provisions for  the Development of Seismic t Propo se d Appendix to TM 5-809-10.
Regulations for Buildings , ATC- 3-06 Apptied Technology
Council , 1978). Footnotes continued on p age /0 . 
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t a a i C C S , st r %  she ars , lateral  de flection ’s , r tiem nb~r stie s, Presidin u t  5a~ ?- r arucu s cai The ham p ital  is appramn -
m iii ‘m a nic  ~ erg i t~ Inn the t r ansverse d i rect io n of the ru a t ely 1 I / 2  mi les I 2 4 knit ) southeast  of the Golden

h u u I d i n r ~ wh en designed iii . r ceund an ce  wu t h  t i re  1975 Gate  B u l ge a~~rn g th e  San Franc i sco Bay and appnox-

~I .\O(.’ p n a a v i s n a a l r - , .  the  19 ‘
~~ A TC -3 e qu a s a l e n t  l a t e ra l  imai e lv  S t a  7 amit I es ( 8 .0 to I I  .3 knur l east a r t  t he  San

m iCe p r i r ce d r ime , the 1978 .-\ 1 ( ‘ - .1 modal anal s ’ sus pro- Andr e as I’ an h t  ( I  igur e I ( I k- sign ed arid coust rucied in
~edui,c . ar id  the I %1 ~-~09-I0 ~\ppeind ix propose d tIr e r m , i d - I t 1 ( ’ O s . I ~- i t e r r nian , h ospi tal is a 10-st ory rein-
seusnr r t c  desi gn p n a a s u s i i r r u s . to rt ed  ~‘a n i  n t -I c snU i u u r e  t , a r r s i s l l r u i t  a r t  a r i o ruui n al  I Ri ~

I ~5 It  t 3 3  S ~ 53 .3 n i l  t ow er arid a t h r e e - s t a r r y  base
Scope sir r h t u n e  s~ u t h r  p l an t  d i r nnenis i a ’ i i s  of ~~~ ~ 350 Ii (90,0

I letau st ’ of the  d a t l i c u h i s  and coSi  assoc i at ed  ~ it hi  106 , 7 r a i l  ( 1-igur es 2 t h r o u g h 6). TIre lowe r two sh in es

~~ 
t a i n i r i i r i g  a d d i t i o n a l  s t a t i c  a~ d d sn a r n n c -  j n a i~~scs of of the t ower ( t i r e  hosp itaFs t o u r t h r  arid f i f t h  f loor s)

th e  large ar id  cotnp lt’s l e t t e r m a n  I h r s p i t a l  s t r uc tu r e ,  extend app na r xurn a te l y  72 ft  ( 22 .0  m) north of tIre  re-
t h e  ca r nn ip an i s ua n s  (or Let r e r n u a n  Hospital are l imit e d mainder of the tower (Figure 4) . The s t ruc ture  is rca-
solel y t , n  the magni tude and d i s t ! i b r !n ro n  oh the stor\ sonabl y sy mmetrical  in the north-south (N . S l  direc-
shears  amid l a t e ra l  de t l e ct ions .  For the t h r ee - s to ry  - mo- L ion however , t here is appreciable eccentric i ty he-
me r i t  r e s i s t an t  steel fr -att ic bu i lding.  un Iv the l a t e ra l  tween the tower and base s t ructure  in the east-west
force resisting ,y sten i in the  transverse direction was (F -W ) direction.
designed . ‘I he comparisons include ( I  I the magnitude
a n n d i s t r ibut ion  of the  t ransverse story shears . ( 2 )  the The exterior walls of the tower and base s t ructure
t ’ anrsse r se  la te ra l  de t ie c t in ns  a t  the building under the are precast concrete pane ls . while the other str ’ : . :ura l
prescribe d la tera l  loads; (3~ the f rame  member sizes elements are cast-in-place concrete. The building has
f a i r  t he transverse lateral force resistin g frames; and both horizontal and vertical load-resisting systems. The
4) t he wei ght of a t yp ica l  steel fran rc required to resist exterior walls , se rvice cores , and floor slabs resist hori-

the  pres cribed lat -ra l  t aa r ces  in t he  transver se d i rec t ion.  ionta l  loads. Lightweig ht concrete floor slabs transmit
wind  and eart h quake forces in addition to the vertical

Mode of Technology Transfer forces resul t ing  from both earthquake and grav i ty  loads .
The i n t o r r u i a t t o t ,  euan i t a i ned  in this  report will he to the  ex te r ior  walls and service cores , which car ry

used to prepare au the r  mater ia l  for inclusion in fM these forces to the f ’oundati on .
S -~dN . 10 , .S’cisnii - Design f o r  Buildings.

Site Grr-iund Accelera tions
In 1973 , a site-dependent seismic investigation of

the Letterman Hospital site was performed by AA as
part of a study to assess the seismic resistance of

LETTERMAN HOSPITAL Letterman Hosp ital and to evaluate the feasibility and
2 STORY SHEARS AND cost impact of upgrading the seismic resistance to

LATERAL DEFLECTIONS maintain functional operations following a major earth-
quake. AA ’s study determined that an 8.2 Richter mag-
nitude earth quake on the San Andreas Fault having a

Background duration of strong shaking for 40 to 50 sec and a recur-
Building Description rence interval of approximately 100 yr was the maxi-

Letterman Hospital is a 550-bed Army medical mum earth quake that could reasonably be expected to
t r e a tment  center located in the northeast corner of the occur near the Letterman Hospital site. ’ Since ground

shaking near the source of a great earth quake (Richter
magnitude 8 to 8.5) has never been recorded. Type A-I

Agbah ian Associates . Dynamic Sei~rnic ..lnalysis of Pm- and A-2 artif i cial  earthquake records (Figure 7) were
mars Structural Systems for Letterman and Hays General selected to represent the site ’s ground motions. Inter-
lluspitals (Su b tosks 28. 2C. and 2D/. Draft Report (CERL). . . .relationships between Richter magnitude , distance

J. U. Prenderga si and C. K. Choi . Three-Dimensional from the site to the causative fault , and peak accelera-Seismic Structural .4na(ysis of Letterman Hospital, Technical - , , .

Re port M t  75!,-\ t ) ,-~t t 22 i ) 85 CLRL , t975 ) . tions indicated that the site s maximum horizontal
iO Anshcfl and Allen . (‘omprehensive Upgrade (Feasibility

Study)  Building 1100 , Letterman Army Medical Center.
Pre sidio of San Francisco, California (Sacramento District , Agbabia n Associates, Site Dependent Maximu,n Probable
Corps of F.ngineers. 1 978). Earthquake Criteria (Task 1). Draft Report (CERL).
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g u r u nnd .ncc e lc r a t i r a t i  s~ is j I , p r r u s n a t r ~r t C I y  t ) . S g. More elem ents wa s com pu ted using the t ime histor y modal
recear I ts  - i n ci n tu ;Of lc t ion i  ss i tb i  ,r supp l er n icu i t  r a y  upgrade analysis m ethod. Because of the planar aspect ni t  these
sl r u t  oh I C ( Icr  n i ani  1 l u n s p i  l i i  - t lie ( III  iL ’e nsf the ( ‘h u ef ’ analy ses _ the ~t f ec t  s of ’ torsion were not invesf igated -

of Fnt gmnicci  s I )( - I - ) establisj r cd pe r t  orriiamicc criteria
sç ’ cc i l ’. big t h ai  1 t’t t e n r i i a n  I h ospita l  should he s t rength-  In support of the seismic upgrading study. (‘FRI .
eat ct l to  prev e t i t  ~nr hla p se  r esult trig h’rorn a design earth -  conducted a thrce- diru ensio t ial dynamic anal ysis of the
a ; u ij k ’ w h t r d t  hi ~u~ .r 21) pt~rct ’ntt  p robabi l i t y  of being p n i n t a r y  st ru c tun a l  system for Le t t erm at i  Hospita l to —

‘~ ceeilenh in ~k ) s e.u i s .  Sm udie s I t -n cv ;nlua t e t h e  seismic assess the impact of to r sm or t  arid ascertain whether a
risk a rid develop th e ea r t h qu ake grr )unnl r u nt ionu cri teria sin ip kn method of analys is , namely the response spec-
were cti rt dnacted by I)arncs arid Moore , San Francisco . t ru m modal analysis method , would yield comparable
( A .  I - m a n n  these st ud ies , the peak ground accelerat ion of re sults . ’4 Since the lateral force resisting system (‘or
t h e desi grt eart h quake was determined to he 0.35g)2 Let t e rman  Hosp ita l is basically composed of str u c-

tura l  elements at a t sumhe r of column lines in each
Ds’nnsnu( - . - I na(;’se,c dinecOor i of the structure,  the structure was ideali zed

hi A A ’ c seismic up grading study - the dynamic ana hy- as a series of planar frames with occasional isolated
SCS were cu u r u t i r i e d  to nnn sd ehi t n g  the stru ctural system as shear walls. Each frantic was treated as an independent
,t sea ics 01 (wu-drr uen ,sional plan ar frame and shear wal l suh s t r ruc fur e , and the complete stiffness matrix for the
.rs sc rui h lages . wi th  each as sen iih lage repre sentin g part o1 sf met mire was fOrmed under the assumption s that  all
t he s l r u e h n i n c s  t o ta l  la teral  te si si an ice . and connecting fram e s were connected at each floor level by a dia-
th e individua l mssi ’r i th l ;ug es into a conca t eniat ed nnodel phragn , which was ri gid in its own plane. Then dynam-
representing the  to ta l  lat eral resi staruce ,wsfenu i in each ics zir ial yses were con duct ed ,  using the response spec-
p r i n cip a l  di t - euf ior t .  l ine t u t a t hue mat ica l  models were ru r t n modal anal ysis method and the tO percent
t h r er i  suh j~cied to the I pe A - h  ar t i f ic ia l  earth quake damped smoothed average spectrum for fh e Type A- I
uti le h~sIns r ’s a nd (h e r e spn nma ’ ,c of selected s t ructura l  and A-2 artificial  earth quake records (Fi gure 8). The 4

____________ max imum respusn ise of the various triodes was corn-
\ a r s l r u ’a a , i r o i - S t i r - a r . ci ’na rpr clri nr s i i - i ~rgrade (l - r ’aXihilitr- bt t iC (I by using ( hue square root oh the sum ~a ( the

Sp n I i a f a’; a r u’ui a ’r a :  / / i~a> . I e tf r -r,,r aar -I ron a Lf r ,j j ea/  ~
- p atr r . squar es method.

F” ua. I , , 0/ .~ ,‘i / ‘JiIi iSa . ’ ( 1l,/aOJiu 1 ~S. r a a a r r a r e r i t u a  t 5 i s u u  id -

( ‘ r ~’s ot I uuu nr reL ’rs . u __________________________

‘ n i t  ‘ .r I. u .a an -S ~. au r i t e s , F)r pnan,,ir- 5, -ma ri a - i ,,alt ’sis a 14 ,~ - ~ t’r enut t ’r gmn st a not C. K. (‘hns~. Thrr ’e-l) inrcnnsi r rn a l
Pri mer, - Strur -!ur a! S i - c O - l a i n  f a i r  Ir ’tO’rnruDn annul lla *’s General Sa-ismie Structural .-lnalt ’sls of  l etterman h ospital . Tech nical
I l i t p i t a l  ~. Sia / ’ i . r cAs  ‘II i . aPi,! 2 !)) . I)n ii t’t Repo rt (CERI .) .  Rep ort M -i  75/AflA02 1085 (( ‘FRI .. I~ 75) .
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Figure 7. Motion t ime histories for Type A artificial earth quake records.
(M et r i c  conversion factors: 1 ft = 0.3 m; I ft/sec = 0.3 rn/see; I ft/sec 2 = 0.3 rn/sec2 .)
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Figure 8. Earth quake response spectra for CL RL analysis.
(Metric conversion factors: I i i i . = 2 .54 ct u i :  I in ./sec 2 .54 emi l/ see : I in ,/ sec 2.54 cnn/sec 2 .)

lni conjunction with the supp kniet~t ary upgrade were modeled as piers and spandre ls , with sh ear panels
s tudy of Letterman b-ho spital. I’MB also conducted a located where solid walls exi st : the concrete colurnn$-
three-dimensional response spectrum modal analysis and waft i e slab t ’r arne system was modeled as colummia ~
ot ’ Letterman Hospita l . using a computer model de- joined by he ann s with properties of the standard design
signed to improve the mathematical idea liiation of “column stri p ” of slab. Interior cure walls were
the existing hospita l. 1 PMB used “dummy stories ” to modeled as slrear ele m ents. Rasement walls were also
approximate the behavior of the caisson foundation modeled as shear elements when they were of signitl-
system and of the non-rigid diaphragm at the four th-  cant size. These various elements  were assembled into
floor level. In addi t ion ,  the existing precast elements planar  frames or shear ~vafl s arid theti combined to

form the total s t r uc tur e .  Then dynamic anal yses were
conducted, rising the response spectrum modal an alysis

i5  Anshen and Allen . (‘crnnp rehensii ’e Upgrade (l- ’casibi litr ’ method and the h O percent dam ped spect runs shown in
Sf ud i -)  Building 1100, Letterpp uu,, -1,0:1 Medical (‘en ter . Figure q , Likewise . the n iaxini unn response of the
Pr esidio ar t  Sa,n I ”, ’a,ncj, cco, California (Sacram ento Dis trict, various modes was combined by using the square root
(‘a . r p - . of I ngincers . 1918), of the sum of the squares method.
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1964 UBC Provisions
The orig inal seismic design of Letterman Hospital

was based on the equivalent static lateral load specified
in the 1964 UBC , i.e. . the Recommended Lateral Force

FR€arUI~’v , CPS Requirements adopted by SEAO(’ in 1 9 5 9 t 6  In accor-
00_ - -

__50 
- 

a Or dance with these provisions . (lie hospital was designed

- QAMPr N G to wi lhsi  and mi i i i n r iu t i i  to ta l  la t eral  forces assuttied io

I .~ act n onconc urre s it ly  in t h e  d i rect ion of each of ti m e

~~~~~ 

I s  main axes in Ja~ :rdanLe with the (oII::ing

/ 
where V = total lateral load or shear at the base

K = numerica l coefficient assigned values of
0~0 - 

- “ ~~~~ - 0.67, 0.80. L00, 1 .33, depending on the

~~‘~~~
- ;~~. type and arrangement of the resisting

elements

- 9’.Y - C = numerical coefficient determined in accor-

~~~
. 

~~~~ . -
~~ - .1 dance with the following formula:

ooi O i O ‘00 000 005
CJNOAAWW NATURAL P~ R I OO ( SECONDS( C = —

,
~~~~~ [Eq 2J

Figure 9. Earth quak e response spectra for PMB analy-
sis. (Me tric conversion factors: 1 ft 0.3 m; where T is the fundamental period of vibra-
I ft/sec as 0.3 rn/ see; ( ft/ sec 2 = I rn/ sec.) t ion of the building in seconds in the direc-

hon under consideration
W = total dead load

The dynamic characteristics of Letterman Hospital The total lateral force , V , was distributed over the
must be known in order to compute the magnitude and height of the building in accordance with the formula
distribution of the story shears and lateral deflection hspecified by the current and tentat ive design provisions. F~ 

as v -
~~~~~

---
~~ [Eq 31

For consistency in these comparisons , the masses,
periods , and mode shapes obtained from the CERL 1=1 

I I

dynamic analyses have been adopted as representing
the dynamic characteristics of the Letterman i-hospital , where F5 as lateral force applied to a level desig-
Tables l and 2 summarize these dynamic characteris- nated as x
tics for each of the principal directions. h 5 as height in feet above the base to the level

designated as xw, that portion of W which is located or
assigned to the level design ated as x

~ w,h1 as summation of the product w5h 5 for the
Table 1 building

Predomina nt Periods of Vibration To account for the set-back conditions between the
for Letterman Hospital base structure and the tower , the towel was designed as

a separate str ucture and the total shear resulting from
Period , see

N-S E-W
lfszt& Dixection Ditectioni

I 0i02 0.752 i6 Agbabian Associates, Aseisrni c Design Criteria of Reha-
2 0.244 0.298 bilitation at Existing Hospital Fac ilities, Task 2A —Summar; ’
3 (1. 132 0.148 of Existing Static Design Data . Dra ft Repor t (CERL).

19

- -- 
$_ -r - _

~~
-. - ,., — - - - “S’

- -- 
- 

~~~~ ‘- .R - . — . ‘.‘. ~ ,- .- - - -

L — , ~ ,~ 

_
‘4

-_ -, — — — ~~~~.fa&’-r !A~ ~~~ fr,~~~~ ~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~ 

__________



~~~~~~~~~~
- -- --— - - . -  — - —-

~~~~~~~
—--

~~~
- - -  -.

~~~~

--

~~~~~~~

-

~~~~~~~~~~~~~~~

-

~~~~

- - 

~~~~~~~~~~~1

Table 2

Masses and Mode Shapes for Letterman Hospital

(Metric convers ion factor : I as 0.015 rnega kg-sec 2
It m

Mod e Shape
Mass

Level I,r i i ~~ N-S [) ifecIra ,nr  
_______ l’ -W Dir et’ (iri n

ft Mode I Mode 2 M a ’~k- 3 Mode I Mode 2 Mode 3
(4 ’) I lit ’ a , .l t , 99’) a 01721 ) 0 . 12 3 1 7  o .I ‘~~3—i (( . 1 ( 1 2 1 2  0. 1 0  14 7

I t . ) I ( 9  ‘20 0. 1 4 9 ’ 3  I . a~~) ( 1  o . 025 ’i7 0.14982 .059i I 0. 0( 5 ~~5
9 I I 9 . ’ 2 1  a l l . ’ 7 1)5 - a )  0))’1(,3 — 0 .t )62 88 0. 1 2761  0.t ) 14t i6 -‘0(1 1~775

!‘ S I l ’~ ‘ 1o a ) 1114 ’S — a a a .t~ SM —0. 1187 3 (t .It ) 3 93 — O.028C,(, — ( ( . 1 1 5 1 8
7 1 1 9  ‘2:1 - 1 : 1 5 0 1 4  — a ’  a ’ ( 7 S  — t r . t 2 5 7 5  O .(1794t ) — ( 1 .06406 — 0 .1096( 1
6 I 54 .1) i  4 a ( 5 7 9 I - a )  1) 9  “ I  4 — ( 1  (185 12 ( 1 .05148 — 0.09575 — 0 . 07 942

i~ ~.t , ar9 a a )  7 3 7  — a  N(,36 — (( .1) 14 19 0.03647 —0 .0982 0 —11 . 0 1802
4 : 2 2  :. ‘l a l l ) ) ) ) )  — ( I  lS(, ( I (( .05954 0.0 2238 t( .08705 0 . 06247

Si  ‘ S 1 ) 1 5 ( 9 1 ( 1  — ( .0 54 2 2  0.06 102 0.01010 — 0 .04901 0.054t 12
2 (85 a I ’ i ( 0 :0243 — o o  1684 0.02297 0.ti0338 —0 .0(8 2(1 0.02548
I i ’ 2  a ,7 I 0 I l (1 (1 0 0

i lie tower was app lied at the top ot th e three-story obtain (lie approximate equivalent yield stress basis
b,,s,.’ si r t i c m u r c  a t  the building.  In the I - -W direct ion , the desigmi story shears. ‘l’Ii~s~ story shears are tabu l a ted
tower s~ ,is ass m mnied ( a a  - x i e r i l ip w . i r d  f rom t Ire f o u r t h  in Table 4 amid presented as Curve A in Fi gures 10
(loom : h oweven . iii the ~ -S di rec t io n , due to the n o i t h r -  and I I  -

w ind extensions ot the f i f t h  and s ixth  floors , the tower
was assmin ii ed to extend upw ard (corn the sixth floor.

Table 3
lIie hosp ital s~ ,is ak ’s i gir ed is a box sv St C l i i .  i.e - .

K 1.33 . l’Iie values assigned 10 C l~ r the l- -W tower Summary of 1964 UBC Working Stress Design Forces
s t ru c tu r e , 1- .W base structure , N-S mower s t ructure , (Metric conversion factor : I kip = 4,4 kN .)
and \-S base sm r u c t u r c  were 0.070. 0.10 1 . 0,084 . and
0.087 . resp~ciis ~ l~ .~~~‘ The lateral story forces and N-S Direction E-W Direction

st ory shears used in the working stress design are tabu- lAtera l Stor> Lateral Story
- 

- Floor Force Shear Force Shearhaled in Table .‘. Based on t h ese va lu es , Let te rm an . . -
- - . - Level kip kip kip kip

Hospital was designed to resist approx imatel y 0.1 g —-
lateral load. 1-lowever . to provide a consistent basis t’or 

Roo t 7_ S 662 
66’.. aa t : i par lso n with some of the newer design provisions 

~~ 469 459
which are based on perm uit ming material  sI resses to 1194 I I  21
approach y ield st iesses , the work ing  stress design story 9 352 382

sl ic.r r s for I e l t ern i an Hospital must he mul t i plied by a 1546 (5 03
8 ‘14f a ctor  to obtain equivalent y ield st ress basis design — .  

178( 1 1 808
s i a a t \  shears. In r evi ewing the existing design . the 7 119 22 ’)
design c a l c u l a t r o n  sheets indicate tha t  the designer used 1 899 2037 - 

-

32.0 k si I 22 0 .ta MPa as an allowable stress in rein- 6 It ) 2 ( i 194
forc i ng steel (or earth quake forces. General notes (in 

8 
29 (9 223 1

t he drawings indicate th .it the  yield stress for this 
6t

re inforcing steel was 40.0 ksi 27 5.8 MPa) .~~ Thus . the 2bSmi 3650 
- -  -

working  siress design stor y shears fi:r Letterman Hos- 6429 598(1
p ita l were i n u l m i p h ied by the factor 40 32 1.25 to 3 1385 190(1
______________ 

78 14 788(i
740 l t i’O.4st’Isnu. Dt~sign (r r t , -r g a —

8554 89Ott
i ar ,1 ~~~ • -  lie rts ,r Criteria. 1
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I lie l i lera l  t l e f k t I i a ’t i s  r e s u l t i n g  t r , ’ i I i  t h e  w o r k i n g w l i t ’r e  1. i i a i i i r t ’r i ~ j l t a a C t l i L i C l i l  e la ted  i a ’  t I re
st a e s~ dcstgt i t a R t ’s w ere also t r r u l t n p lied (a s t h e  I a t t t a r  r e g io n s %t’ i ’ ) a r n i ~ i t 5
I 1 — ’ i ’  i I 3P R I \ t t a r i t t ’ l il t ’ l i t e r a l  tkt1~ t t i a a r r s  it  rt ’id I a a t c t ip i r k \  i i i i j 3 o t t a n t e  t a a c t  t I t R ’ l ) I
I hCsL’ h i t e t i l  JC tlet t a a a ( i s  aR’ ilso t ab ula t e d  in I .d at ~ 4 S i t u t n i e i i t a I  t O C (  Il t it’ r i l  I a a  si t e ~( a  (R  i r i r e
and prese n ted .~s ( ‘u m s e  -\ in I i g ur t ’ 12 (‘ s , a l i . r r l , e

b. I a a  r i i ome rea l i s t i c a hl ~ re flect th e c~ pt- cme d d~ i i i -

Table 4 niic ne sponse a a t  r e al  si r  uc t u i t -s in (lie areas t a t  hig h iest
s e i c i r r i c i t v , t i re  for iriul a t a i l  deterr uin,i t i on ta t  ( ‘ w as

I9o3 UBC Equ b-a lent Yield Stress Story Shears changed t a a

and Lateral Deflections
(Metric conversion (actors :

I kip = 4 4  kN: lit = 0,3 ml ( ‘ . .  ~E q 5 1
l5~~l

N-S Duet non I’ -W I)ut’etion
SlIMy Story c. I_ lie t’ta e ff ic ie n t  S w is added to the b.ise shear
She-ar 1)eileetioui Shear Deflect ion fon niu l a  to pr ov td e a i n c u r s  t a t  eva lua t ing  Site a esoii 4l1~ e

[cvtl k r p  it Lip  Ii

0 0 (4  — — -d. 1 he ct’et  t i c r e i i i  I w a s  added to  the base shear f o r -
S ’S

a (i ( i i  2 
— 

( ( ( ( 1 4  
mula .  Th is established a higher  level of design ci i ieni. i

(4 93 140)  t o t  an essen tial Iac ih i t~ (e.g.. a hospit aFi than  for  a
a a ( ( I I  0.01 4 n ormal fac i l i ty  - The coef t l c ient  was assigned values of

1131 I S  “~ 1.5 and 1 0  for essent ial and normal facilit ies . resp ec-
S (1 (1 1 1  ( ( O i l  - -

‘60 
- - rvels - hoss ever - I values were not est ahlrshed (or other

- - 

a a l t  ii 
— 

11 ( 1 12 classe s of facilities.
7 i ’ 4  254 6

a aa aQ 
— 

(1O~ I c. The c oeff l ctent  / w a s  added to the base shear
- K’) f o rmula  It:  permit tire use t a t  reduced base shear valuesa ’ . t a O li  (( (a I~~ - -

4 ‘24 2 9 1 2  t or por t  t on s  of ( al i torn ia  and elsewhere which are not
o oo 7 0.00’) l ocated in the areas a a t highest sei snr r it ’i (V  -

‘4 1 5

-i ‘65 ~ 8~~O 
(I ( i( i 5 

f. the d i s t r i b u t i o n  t a t  (lie lateral f t a :ces  in s t ruc tu res
1 0 

- 

ai ( 0 2  w h i c h  have h ighl y irregular -  shape s . large dif fer etices iii

( (ato l l 1 1 1 1 5 la te ta l  res istance or s i t t t n r e s s  i , etw-een i ad ia cent slot ~~~~.

(i ~( Ot. o i l i er  unusual t’eat u res rO ust he dcl e rniiin ed l’s coii -

s id er ing  the st ru ct  w ~~~~ dv na r iii c cli at act er  rs l ics.

1975 SEAOC Provisions The large set-hack at the fouit h- stor v level ot Let -
the I ~ edition t a t  the Rt ’c~ ~~~~~~~~~ l ateral t ern ian Hospital creates a large difference in the lateral

“a a~ Ri ’quire-t~tent.c apt ! ( ‘iwrn,ep:tar ;’ is substantiv ely resistance and sti t ’tne ss between th e third and fourt h

L 

di f t e i e i t t  from the 1959 edit ion , and includes the f~l- stories. Ther efor e,  the  equivalent lateral load method is
lowin g ch ai iu ~ s u~ not directl y app li cah le and the distribution of the lat-

eral forces must he determined ti~ considering the
a, The b ase shear formula was change d to dynamic ct r ,n aa icl - i s i ics of the St ructur e . To appro x i -

ma te the l ’) ” 5  Sl’ AO(’ sm or~ shears , t he tota l ba sis
V = ZIKCSW (E q ~I shears were computed in accordance with E q 4 and

dis t r ibuted to the ind iv idua l  s to r i e s ,  considerin g the
dy na m ic chara c te n s t r e  of tire s t ruc ture .  The period and

______________________ mode shape for the funda m ental  mode of vibrati on in
- - each ot the principal direct ions presented in fables IRre,r n,rne,, de l l..uerzI h,ree ~~cqusremenu aireS Co rn - -

“r e ’rra ’a- i St r u e n u r a l  Engineers Association of Califo rn ia. and 2 . respect tvel ~ - were assumed to repr esent the
1Q 75)  s tructure ’s dynamic  charact erist Ic s. The base shear m i
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Figure 12. L e t t e r r i r a n  I lt sp imal lateral  detlecti otis .

hi t he  p tmn ci p,u l direct  r on ’ w as computed m i  ac- t h e  principal direct ioti s t at  th e hospital . l ’hr ese deflec-
, e a r d j nce w iii I 

~ 
4 , r . u k r r t ~ / = I 0 . I = I 5 , S = I S , h orn s are also tabula ted  m i  Table S and presented as

I ~~. arid ( ‘ 0 (Y’ I~0 and 0 ( 1~ -)o I a a l  t h e  l W  (‘a r a s ~ II i n hgure 12.
am id \ S ~t a i t ’C t i a a n s . t’sp c c r r s L ’l\ I t a t ’ c t a t ’t 1~~ ien t 5 is

dep~nd~u it on t h e  r a t  te a of th e  bui lding period t o  t he  1978 ATC-3 Provision s
cii aracte a ( s l i t  s i l t ’ pt - i ro t h .  t~ l r en  the  ch a r ac t e r r s i  I c  Site  ilie t r t a s  i s i t a n s  01 .-\ 1( ’ - 34)( . rt ’ntat in c ’ !‘p’I ‘i’It ta ‘pu s
period a not  5 ( 1 ( 1 5 1 n a t  I . i lc d  t a s  proper . a a : , a l a , 515 . as m l  t he  T a r  the De’vc ’lopma ’nt ot .cu ’icmia - Rt~gula tia r ims r ‘r
c i s c .it i ta nd , t i re  S ,i l U t ’ t a t  S shal l he I S  iluilding, embody sene r al  concepts which are signiti-

cant departures fro m current l y  (used seismic desi gn pita-
I t i t ’ r e s a u l t a t i g  hisc ‘drc. i rs  w e r e  th et i dis tr ibuted to viS i aans . ~” These concepts im i clude:

(lie m n d m v i d u a l  S la t (Cs itt proport ion to the rr a ,i s s and de-
tie ction at each level to ob tai t i  mIt e la teral  force t a t  each a. Tire it icorpt )r ati on of muore realistic seism ic
hese l .  Sti h s e a i a i e t i t l s  - the la te ra l  S t t a ( ~ fo rc es  were ground motion intensit ies .
suniti ied to obtain the si r S sh ear am each level. The
St orS shears obtained by t h uis  appro x imate method of h. Respotise n ioditica t ion coeft lciet its (red u ctio t i
d~ mia mic a i i-,th sis must he nnuttiplieLl bs the load f.rctoT t actor s~ which are based ott consideration of the inher-
I -I to obtain meld st ress la .usis design s t o r y  shears , ent toughness , the amout it of damping which occurs
these id 5! s t r e s s  b asis d e s mgt r  s ( t a a S  shears are tat -r u- when undergoing inelastic respo nse , and the observed
Ij Ie t I  or Fabl e 5 and presented as Cur v e II in Fi gures 10 past per form u ance of various ms pe s  of f ra m i t i g  sy stems.
am i d h i  for  th e  N S and i- -\~ directi omi s . r c s p e c m i s e l ~ -

I~~t1e~i Ie ’Irs  t e a r  t he 107 ~ SF \OU appr ea ~ imna te mn emh o d _____________________
ot d~ rn t i n  ic ,imi , i l~ sis were cotiiput eel u sm ni g t h e  eq ( ( m s _ a - i~-, r larj n~ !~ I I I ’ IS1ImX p ‘r f i r e  I)r ’Is’ia ’,’larr ’ni a If S a t
lemit  ~ teld sI ress s i t a r S  t a i l  -c - and tire d~ n am iiic pro p er-  R,’.cnuloriarns por Biiiidiirr ~~, -‘ I I, 5 - 06 (Ap plied 1eehna a 1oe~
I cs e a t  t h e  tun idan iemi ta l  tnode t a t  v ibrat ion iti each of (‘ou nt ’,t , 197 8)
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Tabk 5 each i n the t w o  m ii u m ua h l v  perp emidicu Lu r axes he c a r l
sider ed I- e a r a a n r s a s t  e ra c  - he per t e id s am id I r r en d e  shapes

t ’) ’S SLAOC Iiqutva kmi t Yield Stmeau t l u m m n  I ab le s  I arid 2 w a - ~ e aclopne d
Stu n Shear s and Lateral Deflectio ns

Metnc conser sion fac tor s : I In c port ion t a t  mire  base shae j i  curl i r u hu t ed  ia~ m lii’
I ki p = 4 4  kN~ I ft 0.3 mu) n i ” m o d e . V m - w-is deterr i rmn i e d i i i  accordance w i t h

t I m e f a a h lowr n ig  te a r  n ru l -a
S I ) i re  t H u r  F IS I) ice ’(- i,an r

Si .r ~ Story ‘1Irr 
- t - s a a a  ~ I I I  I I  q ~.1

She,~ tk ’ik-tti , rr Shear I ) t ’ f let tpIr ~i
I , a  ci Lip ii k p It 

- -sShrL ’rc ( 
~~ 

mood -il s e i s i r l i c  desigii cot’t  h cit ’ r ar  ton
R i  a s ’4 1 6 2 5  - -

66 ’4 the m i~1 mode de t err t i ined in accor-
j a (  a c a S  a t  .5 5 1  dance wh ir t h e  followit ig L ar n iut a .

t 1~ 2 i  t 098.5 howes-er , the v a lue t a t  ( 5~f l treed i t t
— ‘a a -~ 12 4 ’  t exceed 2.5 .-‘t~~~~ I t a r  s t iff or deep soils .

1-1912 nor 2.0 ~ ~ for  soft soils
0.2 ’S 3

‘ t a 4 1 h I  Its
a a l 7 t a  t t .29 3 (5 — L~~2” I t .  a

2 r 4 5  2 ( 5  .)  SIT 
— 

R I 2
a) (9), ( a 1 4( 1 an

24 072 li t a I l
S 

- 

a i ‘~ ‘ ( 1 3 4  W~ , = the  e t t e e l a v e  modal g r a v u ( s  load to t
- ‘(St. ’ ~ (07 the m u m (a mode determined imi act s r  -

4 t ( a ( 6 4  (1 . 1) 83 -

2 7159 S dance with the following forn iu la
3 a ( 3m a ( . (a _17

3 a ( I  4 19(131 2
a ( aa a ( $ t r O t  2 ~( 1 7  1936’ 

(i = ~ 1 (E q ~I

- - - A = sei smi-u ic co e ffi ciem u t n e pr es ent mr m e tirec. ( las sif u cat ion tr t  building use-gr oup categories a 
- - -

- - - - e l t v-c t iv e peak accelerationi fl t t u Seismic Ila iar d I- xp t asur e (.,roups. 
- - — -A a. = seismic coetti c ient representing the

- - - - - - e t t e u t i v e  peak velocity-related acceler-
ci Seismic performance categories t e a l  hu ml dmn ~~ at i  )t

wi th  design and analysis requ irememits dependent on I 
- - - -

- - - - R semsn n ic response m odi t i c at moir  coet-the setstn ictts - mnd ex and building seismic hat ard cx- - -- tm c t e t i t
pu snire  group. S seismic coettIc ient for the sn ( e ’s St ’ II

profile characteristics
e. Si mmup litied s t ruc tu ra l  response coeft ic ienm for- 

~~ 
= period of vibration of ~~~ m ode of

mulas related l a s  the tunda m enta l  period of ’ the seismic the bui lding
resisting sy -a l c a i r  of the buildi ng. disp lacentent amplitude of the i~’ level

of the building whemi vibrat imig in its
t’. ~1at er ial  design and analysis based on stresses m th mode .

approaching yield -

Lettern iami i-hospital was designed as a box system .
The 1978 ATC-3 provisions require that the magni . i.e . a structural system without a complete vertical

tude and dis t r ibut ion of the s t a a r y  shears for Lett erman1 load-carry in g space frame where the required lateral
ilt a spital be determined by the modal analysis proce- forces are resisted by shears walls, and the rein forced
dune because a af the irregular plan and vertical conti g- concrete shear walls and precast concrete exterior wal l
ur at i on t a f  the hospital . Moreover , the provisions panels are designed to resist the lateral forces. In the
spe ci t a , that the lowest three modes t af vibr ations in 1978 ATC-3 provisions. slightl y different termnino logy
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i - a  used t e n  describe t ire vari e flis s t ruc tu ra l  syste n m i s ;  tire ‘flue Max imnu mn (‘redi hl e Lar th quak e (M ( ’L )  repre-
st m e t  i n n  a l ss- st c’ rn r mu on conmip a table to the origin iii sen is t h e  ma xim i iu nil level of horii onta l  ground accelera-
desi gn wou ld appe al  Rn be a beam i r rg  wall  system ul w i th  t i e a m t  at the  site ti r-am appears capable of occurring w i t h i imi
re inforced concrete shear walls , l Ire seismic response tine presentl y kn owmi tectonic framework.  No comisid-
n rra a d i t ic a mi o n ce ie t t I cn e r i t , R . amid detl ect ion amrn p h i f i -  er at i eun is given to the probabi l i ty  of occ urrcn i ce . bu t
c a t i o n  hac t t r , ~~ - specitied t t a r  th i s  par t icu la r  s t ruc tu ra l  ra ther  it is great et iough i to be of ’ concern.
syste ml i  ar e  4 1/ 2 , utmd 4 , espect i v e ly ( i . e . ,  R ~

- 4 1/2 amid
4 ) .  ‘t l a a l L ~t IV i’t , ea i m u s i t i e r i n ig  mire  lo c at iot i  tn t  L e t t e r -  ‘l’he Maxi r u i un i  Prob able 1- am ih iq u ake  (M PI : )  n ep ie -

n r i a m i I i t a a p r t ; u I .  A \~ 0.4 , in t l  s r imcc t Ine  s t a rh  p rop e r-  re nm l s  t i re  mn ia x i mnr u m level of hoii , .o m u t al  gr oumid acceher-
t ies- .u n ud  profile arc m o a i k mra iw ni  inn de ta i l  lion doe s t ime  a i i omn at the site t h a i  Iran a specified p robab i l i t y  c i t

k n i t a s s n i  p r a a h i l e  t ’it . t i iy  speci f ied  i s  pec . S = I .2. hei t r g exceeded in a give n period of t im e .

- 
-

- Fl u e ni ot f:uI force .0 eac h level , I - s a aa - w as t l e t c r mnm mie f Real is t ic - al ly,  these design earth quakes can be est ab-
ira accordaiice wi t h  t i r e  t o c n r i u l a :  lished only after  a detailed site—depem i dent seisnii ic imi-

vestigation.  ‘Fire invest igat ion of the  Let t c rm ir an I lospi-
= ~~~~~~ V an ~E q 9J tal site . which was conducted in support of the AA

analysis . determ ri ined that  the MCE and MP F were
wii ~-r c essentially identical : i.e.. an 8,2 Richter magnitude

earth quake omi the San Amidreas fault near (lie Let te r -
- , — ~~~~~ , mr ian 1-lospital site with a maxim n um n probable earth-

v s u r i  — 
mi~~~~ ~Eq 101 cluake acceleration of approxim -.nely 0.5 g. However .
~ 

~~ r øii1n to provide a consistent basis for comparing tire s tory
shears and lateral deflections obtained with the ‘I M

lire m odal de il ecti on i , - was deter m ined ni l
accordamice w mii i  t h e  to m n iula

Table 6

~ er r a 
— t tt~~c ,ia aa j l q ll J

1978 ATC-3 Story Shears and La teral l)eflcctions
wh e re  (Metric conversion factors :

I kip = 4.4 kN ; 1 ft = 0.3 in)

~e s n a = — ~-— 
I r an (E q l2 ~

4n~ w N-S Direction E-W Direction
Story Story
Shear Deflection Shear t)cfleciion

‘rhe story shears and lateral  deflection at each level Level kip It kip ft
were connput e d for each niode , and the modal values Roof (i .4t 9 (1.47 1
c er n r him - ued by t akit i g the square root of the sum of the 1648 159 1
squares of each mri oda l value. The resulting story shears It ) (1.368 (i .4 12

and lateral deflections t’or each of tire principal  direc- 2614 

~ 
2536

(ions are tabulated in Table (a . The stony shears are l ’ sh 
“ 

3 1 7 3
shown as Curve B in 1-igures 10 and I I . respectively, 8 (i .258 ( 1 . 2 85
while t h e  lateral  deti ecti otis are shown as Curve 13 in 3682 361 i
Figure 12 . 7 0, 199 0.221 

—
4 ( i2 I  394))

6 0 .1 47  0.151
1978 TM 5-809-10 Appendix Provisions 4456 429(5

The provisions of (lie proposed I ~)78 TM 5-809-10 o.o99 U . I t  S
Appendix require  tha t  two design earth quakes he con- 4894 4724
sidere d : the Maximum Credible Earth quake ami d fl u e 4 0.057 U . t t 8 ( i

- 2 i  700 1 6932Maximum Probable I - a r thqu akc.  3 (1.0 3 1 0 ( 14 ) )
850)) 833))

2i  “Seismic Design Guidelines for Critical Building a ,” Pro- 2 0.0(19 ti . t i t 4
posed A pp endix to TM 5-809-10 ( (‘ I - RI . ,  September 1978 ; 8871) 8753
revise d Mtr rc li 1979). I 0 (i
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la ble 7 Table S

FM 5-509-10 A ppemidix Story Sh ears and I M 5-509- 10 A ppendix Story Shu ’s’uirs nmnd
l a a lera l i)elleciioii ’s, A rrr i rt . - 0,4 g Later al l)e tleeliuurs , A ,,,1x, = 0.5 g

\it ’t r ie ’ e’ rm n i ’se r % •o um factors. ~Mt ’tri ’s coirv eni iuui ftue t or s:
I k i 1r - 4.4 kN , l i t  = 0,1 min i  I ki p = 4.4 kN ;  l i t  = 0.3 nil

N ~~I) i!e’e t I a ~ri 
- - 

I- 55 l) i re t ’ l m r s p i  N- S l ) i r e ’e l i m s i u  F Vs U) irc ’ ( l s i ru ! 
—

S i t a r ’ s  Sl a nm ’ s  Sles r y Slu r ’s
She ir I)e fk’ction Shear l)efl~t’t i sm n Sh ear IX ’tki -iia ,im Shear Ih’Ileeliimii

le ’sei Lip fu Li p ft  I.cvel kiln ft ki l n Ii

R cnen i  a .) ‘2 a I 5  29 s a t  (1 .5911 a a ~ ,~, _’
t’i44 4 7 7 2  ~t 80 591,5

t a r  a — i 4  i i ~~ i,~ it l u S t s  (1 . 579
7(54 ‘~~a ItS 98( 14 q c t m m

9 li _ _ iS _i (I 394 9 0 4 4 1  a 4 1 .’
1) 7 - , )  ~i S ’ t )  I 2 I ’ ( 2  I I9 t i t r

S ( a  ‘ ‘ ( ( I  (I , 8 (i . . i(, 2 ( 1 4 0 1
1 1 ( 1 4 ) ,  us 7 13151)8 l 1 S 4 1 )

1 ( ~ ,‘-l (1 . 2 4 ( 5  7 r l , l 8m i  0 1 1 1
I 7laia3 I t  S t  9 t 5(l7~) 141 74

I , ( 1 1 1 , 5  11 , 1 7 1  In ( i lU In h I l t
13 l~,i, 2 5 ( 4  11,7 1)8 ( ( ‘ ( I S

S 1 1 1 1  ( a I I’) ( I I  39 (i , ( t ’I
1 4 i ,54 1 4 1 7 ,’ 18154 17 7 1 4

4 i (  (11, 5 i( . t i ’ ) I )  4 (( .1( 81 ( I i
1 ,1a a 7 9 5  2 1,2 54 15995

3 ( ( ( ( l ’ s  0 . 1(46 1 1) 04 .1 ii .iisu

2~~c a a t  24989 31876 11131
I (l iii at ( i n t l  Ia 2 t i n t  2 in .t t l i i

2a,i,17 l u I S S  33296 328 13
I) U I (1 (I

l e t t e r  a a a , a m r  l I e s - a p n l a u i  w.ts t iht ;mim re d h~ taking tire square (‘urve C m r  Figures 10 . I I . amid 12. respectivel y .
n e a l  a t e a t  t i n e  su m nr  ot I he squares ut mire  mrraximirumrr  respeati -

sen of t h e  ‘s t r u ct ureS ’ first 12 vibra t i o m i  mirodes. llues ci Story Shear and Lateral Deflection Comparisons
12 nr re a d e s  imrchud e d t he  tIrst  four mirodes m r  each of fIne To provide a mir ore comrsiste un t comrrpari somr sit tIre
Iwo  pni m ici ; al direct k n i rs amid t i re  four a rsiomrah tr iodes. i 978 ATC-3 . TM 5-809-10 A pp eirdix , amid l’MB ste a m v
l i r e  s t a nr % shears amid la tera l  del le cl ions inn t i re  N-S amid shears amid lateral de fi ectio mrs , tire st t r ry streams m u d
( - \~ c h i t  cc t u e  Tm us .u n e  prese ir ted i t t  i able I ( )  a uu d p h t a f t  ed Ia tc rai l tie fle et Itilus tom tIre I 978 Ai’(’- 3 and i’M 5-800-
n - a ( ‘ ( l i ve  i’ mi I -  i~’hur e s  10 . I I  - amid I 2. respectively - 10 Appeur d ix desigmr pn ovi sion s were rece atr iput e d iism mr g

0.35 g as tIre desi gmr acc el erati omr level , lire tes ni l t  imrg
PMB Response Spectrum Analysis st t rr ~- sh ears amid lateral  d efl e cfi omrs ame tabulated imr

l e a  ceam i tpu te  ih re t hi ree -dinri c mrsio i r al  resp erns e cut Tables 12 amrd 13 and pi -esent ed in Figures 13 . 14 . amid
I e n t e r  mrr a m r I ita sj a i tail . PM B used a, cent n n 1a u IC r nnrarde l  I 5 kr r ria clr a r t  I he principal  d i rec t ions  -
t i r . i t  un m c a a rp in ra t e t h  at ‘‘ dumnr r rry s t a n r y ’’ Ic r  a m p pta n x imr r a t e
t ire behavior of ’ ( lie saiisst atr l ea cm mn eh a t i t ni  syst ell i tu rd a Ge mi e r a ih y . I In c FM 5_ SOt). 10 App emu di x S t e n i S  s h r eai us
“t h u m r r i r r v  st ory ” l a m  ;tppreaxinrrate  tire h eir a vion - of the  and tIre  PM II story shears are iir exc e l l emit ag m eem rre mrt .
f lexible  t e e o r t h  t i a n e r i  ei i .t p i iragm . The desigmi e a rt lr qrm ak e while tire 1Q78 ATC..1 story shears are suhstat i t ia l iy
respotrse sped rum ir was devekrped by Dames anmrd Muer re sm ira l ler.  Wit ir regard t e a  lateral defl ectiomis . tire ’ 1 978
a s mi th e  b asns of a peak accelerati er mi of ’ 0.35 g. Tire ATC-3 arid TM 5.809.10 A ppem idix provisions produce
d y n u i r n i c  rcsp otr se a ’ t  I_ e t t erm ii an i ler spi t al  was uhf ained cotirpar abie results itr tire N-S direction : Ir erwe s-en - t ire
by t a iL ing tire square r aot of the sunrr eaf tine squares of PMB lateral eletlec tions dif ’fer by at I~m c t ta r of nie ar lv
tire mrr as mm u runrr  response of mIre s t ructure ’s first ei gI rt t ir ree at tIre fourth-floor level. Tin s di scrcp amn iev cat m r be
vrh , ra t i a a n r  nrr erdes . l’he resulting story sh ears m i d  lateral exp lained m r  part by tire modeling assul r r pmn onr s used m r
e i e t l eu t im nn s  are tabulated inn Table I i  amid presente d :1’s the PMII amr aly s is. ilo t hr tire ilrst an r d h’ourt lr  floor were
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Table 9 ‘l abie 10

AA Time History Story Shears and CERL Response Spectru m Story Shears amid
Lateral i)efleetioirs Lateral Deflectiomr s

(Metric conversion factors : tM etnc conversiumr factors :
I kip ~ 4.4 kN ; 1 ft z 0,3 in) I ki p = 4.4 kN : I f t  0,3 in)
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mnr e r elek d us m mig “t l ut r rm n ry Sf caries ’’ tea n n reare realisticall y produce cq u iv ale m it ~-ieItI sIn  e’Ss iaa si s c t a m y slr eam s wh ich
mrre rdel  t I re  51 itict UI CS - thus , the h a ngc r  deflect iomrs are to are m i  rea stamia hls’ agmc eniemrt  wit h the s t e nm siue:m m s oh-
be cx peeled - i lowever , it also appears that  tire t’MB t atiu red m r  A-V s t m mrr e  I r is team ~ nu it a da l amr ai l sis c\cept no t i re
mrrend el  e a t  the  teaw er sCt ’t iein is Ser mr r ew ha t s t i f fer  because base stru et  m ime amid t Ir t ’ imrt c rmr r e d ia t s ’  sht an tes iii t ire towe l
tIre teawer d~’tkc tio nrs are appr ox imr ia te l y twea-t h irds  of ’ itr tire F.W direction. I ’hc 1Q78 ATC-3 niiosl ai ; i nra m ly s nn
I her sc t r om r r tire ot lrer anal yses. h r  tIre I - -W direct io mr , proce lur e pre aekue ’es ste ar ~ shears wlr is’Ii are gerren , t hl ~-
th cr e are I ’s ’s o it r statrce s of disp a r i fy .  Below the t h ird- approxim ir ate l y 100 p er ce lrt  gr eater thamr tire I%4 LiIIC
floor level , the lateral  dehle s’tions coiruputed wit h tire equivalent yield s t ress  basis s t e a m s  sh ears iii t ire teas ’s -e m
1978 AT(’- ,l prov isions are small , yet signitI cant ly and appm -ox inr r ate ly 10 p en de n il less tirami tire lQ( a4 Li i3 ( ’
sl ifferer rt  t’rotu tire t i ther two amialyses. It r tIre upper- equivaletrt yield sI mess basis s t eam y  s i r cau m s inn t hrc base
s t e a m y  levels eaf the tower, the PMB nrodei also appears structure . Wlnenr comur pa i able ac ce ieu atio ir levels are s;w-
tea he stiffe r because tIre deflect ions are less. cifled , tire i’M 5-809- 10 App emu dix p iovis iomr s p iottt ic~

story shears win ch are in reasonable agre emr r em r t w it ir
Strmne general comiclusions are apparem ut fronr the the story shears fro iri A A’s t u n e  ~r i l t a m y  am rai ys is except

story shear p ltrts shown in Figures 10 and I I .  The tor the lower sttar ies in t irt’ N-S direct ion where th ey
l%4 UBC prerv isiot i s prod u ce equivalent yield stress d i f fe r by nrpprtaxi u r iatel y 20 per cenrt - F ur t i rem - mrre ar e . tire
basis story shears whi ic ir are approximately 10 to 35 cermuparison of ’ the 1978 A l ( ’ -3 amid TM 5- SOQ -lO Ap-
perce irt e f  tire story shears obtained in AA ’s titi re inis~ pendix pr trvisi eatr s an id the PMB at rai y sms reveals t l r at
l e e r  nu iea tl al analysis. whe tr s’e am n rp ar ruh ie acceler at i er m r levels aims ’ speci tied I lie

story sm ears for the 1Q78 A l’C-3 provisions i re  appmsax-
Wire mu t i re  ely ira nr ic chara ct eristics of tine Structure  im rr a t ely 30 per cent ea t  t ire 7(1 a a I \  shears ea h t nu itr ctl in tire

an n e ee r mrsu t h ered in d ete rm nr ini m r g tIre te r t at i  lateral forces TM 5 .809. 10 Appendix provisions anti tire PM 1I a m i d ’ s  -

and the i r  d i s t r ibu t ions , tIre 1975 SI- AOC provisions sis. Ceansi der it ig t ir e’ cermu p lex i ty  of ’ the strut - tuni c ant i
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I

PMB Response Spectrum Story Shears and
Latera l Deflections

(Metr ic coiivemsion factors:
I kip = 4.4 kN : l i t  0.3 ml

N- S I)i,ex fton F-W I)mrrc tioi i
Story Starry
Shear Deflection Slmear lI)ellection

Level Lip I.t Lip ft
Ke ,a e l ( I . (8 1, (1,315

.17( 1( 1 .150(1
le a ( 1 . 34 1 (1 .28 1

611)0 570 1)
(1.305 11. 262

8(5tl( i 7700
8 II . 2(a4 11.232

9mnl ) 0 92(1(1
7 0 224 (1.191

1(1611( 1 101(11)
6 (1.199 0.151)

1 24 1) 11 I hi 9lr t i
5 0. 17 5 11.1 ( 16

1.131)0 1160( 1
4 O, 14 1a 0.1)69

1730(1 16700
( ( .1(5 7 11.046

1 94(11) 2 1) 9(1(1
2 (1.028 (1 .02. 1

11000 2340(1
I (I 1)

Table 12

1978 ATC-3 , TM S-809-lO Appendix and PMB Story Shears
(Metri c conversion factor: I kip = 4.4 kN)

N-S Direction Ster ty Shear F-W I)*rec(krn Stoty Sheu
ATU TM Appendix PM B AT(’ TM Appendix PMB

Level Lip kip kip Lip Lip Lip
Kement

144 2  4 5 2 6  3487 1392  4 1 7 5  lt, ’t

22 58 6863 5743 2219 6657 6 1 2 2
9

2845 8535 7692 2 7 7 7  $331) 7 7 5
K

.12 2 2  9666 9230 3159 947 8 959t

.55 18 10555 101)51 3447 Im ) .S4 2 11 ) 6 12
6

3897 11696 10871 . 761 11283 1 2449

4283 12848 t t SM9 4133 1 24(1(1
4

6126 18378 167 11 6(166 181% 1734 6

74 3 8 2 2 . 5 1 3  2( 1923 7288 2 1866 19387

7769 2.531)7 23281 7659 22 976 211 ) 2 (1
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Figure 13. Letfernran h ospital upgrade story shears (yield stress basis), N-S direction.

the mrunr erous atnd differemnt assumptions that were emir- are sigt r ifIc a tnt ly less t inan tire oth er provisions , yet tire
p hoycd , thn~ agreermnent hetweetn the story shears for the AT(’-3 la teral detlections arc in goerd agreentcrmt with a
FM 5-809.10 Appendix provisions and the PMH anaiy- nuanry of lire curves t’reanr lire either anal yses.
sm s t5 L’xdel lctr t .

Inn t ire N-S direc t io mr. tire later al det lectiotn s l’romrr tire
Gemner aii y . tine la teral  de fle c t i t nm r s inn tire N.S direc- PMB an rai l y sis clearly reflect tire et ’tèct of tn iod eling the

I l ean are iii better agreennennt tinau n th e lateral det ’lections foundation systen n and tin e fourt h thror diaplnragtnn
iii t ire i - W  eh ir eei i eutu . with the exception that  iii boOm using “du mm un y ste rries ” : Ire nwever. it is also apparenrt
dlrectloirs. IIit’ laler al detlectiours fronrr tire original th at tine l’MH nrrodei is somuiewhat it iffen iii the tower
desigmr are qu ite small and bear little reseunhiamree to tire sections tlratr imr tIre oI lier irrodeis. These effects are
l at e ral  detle ct it rns obtained by the sill ier anal yses. more clearly il lustrated in Fi gure i S . whe re comirpa rahle
Somire e f  the discrepancy amrr t an g tire curves is due ac cekrati erm r levels were used an r n o m r g (he 1978 ATC - .~
directly to the different force levels that were applied and i’M 5-809-10 Appendix provisions and the PMH
Iii tire structure.  i-or example . Curves I) and F provide analysis. likewise , iii tire F-W direct ions , when corn-
am mr indication ot’ tire effect that a 25 percent increase in parable accelcrat ie am r levels are used among the 1Q78
the la ter a l  forces has on the lateral deflection ta t tire AT C-3 and i’M 6~809-10 Appendix pr savi sieauns and tire
stru cture.  hleawev er, some of the discrepancy among PMB ami al%’sis . (lie lateral detlc ct ieanrs are in quite good
time curves is also due te n the coetiIcient , (‘.j. For exam- agreen ient . except m r  the tipper stories of tIre tower
p ie . the 1978 A’F(’- .~ provisions yield st ory shears that  section.
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Table 13

1978 ATC-3. TM 5-809.10 Appendix and PMB Lateral Deflections
(Metric conversion factor: I ft 0.3 m)

r’~ S Ih r e,etion I- -%s Direction
‘si t ’ IM .~p~nt’nek~ I ’M It f r e t ),’ EM Ap pcndi~ I’MB

I a’~ *-I i i  I t  it  Ct ft
a (ta ’ (1 . 4)  I )  ~$6 1 ) 4 1 2  0.41, 1 I I  I t  S
a ( 2 7  Ia lI e .’ ( 1 .14 1  (1 ,161) (1 4(11, (( 257

e~ ( a  2 ’ ’ a 1 (0  I t , .l t (5 (i .. ;o(r lt .344 t n . 261
S 0 22 ~ at 25-I  (( 264 (I . 2 5 ( 1  0,28 1 11 131

( I 4 01% 0 .22 4  0.193 ( 11 17 (1 . 191
1’ 1 .125 1( 1 44 ( 1 , 1 9 9 0, 1 .1,1 0.149 (1 .1 5 (1

( ( ( 5’ I I  ( (9 7  0.1 75 (i .flfl ( u i  13 Ot (kr
4 0 a lSO 1) 1(56 (1 . 14 6  (1.1)7 1) 0.078 (r (rt ,9
3 (( ( ( 2 7  (( ( ( 5 ( 1  0.057 0.035 a (  ( I S O

2 (( (( ( ( 5 (1 .1 (1)9  ((((25 0.011 0.1(14 (1,1)23r. 
- I a ( L i ~) 0 (1 (i —
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Figure 14. letterman lituspital upgrade stors shears (y ie ld  stress basis), F-W direct iea tr .
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3 THREE-STORY , MOMENT RESISTANT This section discusses the design of a three-story.
STEEL FRAME BUILDING DESIGNS moment resistant steel frame building which houses atr

emergency operation center vital to the installation ’s
post-earth quake operation : the designs (in tine tramrs-
verse direction) are in accordance with tire provisions 1 -

Introduction of ’ the 1975 SFAOC , tire 1978 ATC-3 Equiva l emr t
Since a mn ajor porti srn of the ini i l i t ary ’s investment in Lateral Force Procedure, the 1978 ATC-3 Modal

bui lding construction is associated with low-rise build- Analysis Procedure, and the TM 5-809-10 Appendix ,
mr n gs (less than six stories), it was deemed appropriate For this coniparison , the buil ding is assumed to be on
to compare the magnitude amrd dist r ihut krn ot the story an installation located in a region of suftlc iemit ly h i gh
shears provided by current and tentat ive design pro- seismicity to require that Z = 1.0 for tire 1975 SEAOC
Visj o flS for this class of construction , In the past , many provisions , and A~ = A~ = 0,4 for tire 1978 ATC-3 and
of the techniques for seismic design and analysis have Ampe = 0.4 for the TM 5-809-10 Append ix provisi omr s .
not bee n applied to this class of structures because the Moreove r , the soil characteristics at the installation are
consequences of failure have been considered small and such that S = 1.5 for the 1975 SEAOC provisions and
tire additional design costs have been though t to be S 1.2 for the 1978 ATC-3 and TM 5-809-10 Appen .
large relative to the build ing ’s value. However , nearly dix provisions , The design s are the n compared in terms
all essential nnili t ary facilit ies are housed in low’rise of magnitude and distribution of the resulting story
buildings ; therefore , some consideration must be de- shears , lateral dellections , nrern ber sizes, and typical
voted to the behavior of low-rise buildings subjected to frame weights.
ear thquake tui ot ions . and to the app lication of simpli-
fied anal ytical procedures to the design of low-rise Building Description
structures t o insure that  they remain functiona l fol- The three-story bu ilding has the structural contig-
lei w it i g .1 nu m a ~a nI  earth quake. urati on . dimensions , and weights shown in Figure 16,
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l1~ w tdri rc ~ l at c ia l  te n se esistin g s~stei ri ¼o i iSiStS e e l  t ics in tin e la~ t t h at to n  ~e s  flexib le bui ldings . sucin -is

stee l d us-ti le i n n  ‘irk ’ L I  r e s i s t in g  s t’ ti .nir ie s cii sO$ u ni r i  i i  ku h eir I r s’si I j u l  f r  dines , t ine iii as , i to un i d r i f t  l i t in i t  a~
tines I .  4. arid 7 i i i  t ine I r . lf lSVs ’tS e tlii ~s t i t r f l  a nd sIed~ t i en i s  nay gov t-E li t I re  sCiSir i Ic design ra l l ier  tha n  the
t riac ed I ran i res  t e rn L e ’ l U i i i i i  l itres ~ ~iid ( ‘ ri ( lie lun gi-  n i i t i l i r r n i i r  lo r es’ rc t i u ir s ’ Iu i s ’r r t s .
t t i t l i , ia l d i i t - s t i t n n i .  \ t I  r t h n e r  t r j i u u s ’’~ ,u r e  % C i I i ¼ J l ,  h rj d -  The h ,i~s’ shea r was s l i s t u i h u ted  over tine bui ldi n g
C . i u\  org Ira iric s win i ci r  do n ed s- eu , i t r i hu t e  l i i  the  bui ld-  heig h t  in accordance w i th  l~q .5 , and tine resul t ing s ls e rv
I t (  I t  c I J I  late r al rc~~si air s-c In add ii ion , t i n e following sh ear s were en i r oput ed  f t r i i o w i n r g  Sn an id ard procedures.
,( ss&I ( l ii i  lotus ~ e rc made - Table I 4 so u i i i r a i  i,es I lit-sc - al culat  Itr ils .

- \ ll c eetui r i iss . ine fixed at the found at ion .  The stor~- shears cornrp ute d in Table 14 were distri-
buted to th e vertica l elements of the rrronr ent frairr e s

.~ I - \ t C r is r r  walls are ri or ibearing. tion shear . flex ible , on column lin es I. 4. atnd 7 in proportion to their
i n su lated m etal panels which d r  irtrt contr ibut e  to ti r e contribution to tine story ’s lateral stiffness and con-
sl :u ctur al  s% s t euu i ’s lateral resista n ce. sidering t i re  stiff n ess of the diaphr agm , Since tire roof

diap hr ag ir r  is very flexible in its own plane relative to
Inte rior ~ a1ls arc nssnbearing . nnnrshear . remov- tire vertical coniponen ls , tine story shears were dis-

ahic . drv ~~all con structi on and are isolated froirr tine tributed to tire vertical elements itr proportion to
s t r u c t u r e  their tr ibutary area. Consequent l y, the sh ears distri-

buted to tire vertical elements of the frairres on colu m n
4 St ai rw a ~ ’. arc istr ia t ed froni the s t ructure  aird do lines I , 4 , anrd 7 at tIne roof’ level were 19.0, 38.1. and

riot t ransfer  she. ir I e r r ~ cs . 19 .0 kip (84,5 , 169 .5, and 84.5 kN) . respectivel y. Tlse
floor diap hragir is were assunred to be infinitely rigid ;

S - The nr et al sleek roof s~ stem furors a flexible t lru t , tine s tory sirears are distributed among tire
.Irap lnrag in r. t i r ene for e . t ire sensi nr ic load us distributes ! in oirrent frarr n es in pr oportiorr to their  cont r ibut ion
t e e  t ine lateral force res isting Ir a ir ne s in proport ioir tO to the story ’s later al stit ’ftress. Since tine franres a re
I r i b u ij r ~ area r a ther  th air stift ’tness. identica l in stiffness , tire sh ear transferred to each

fr-arue is identical and equal to orre.third oh’ the story
~~~. The metal deck with concrete fill floor system shear . Therefore , the lateral shear forces distributed

f s r u n n s  a ri gid diap hragm; therefore, the seisnr ic loads to tine vertical ele u ni ents of the franres at the third-
are distributed to t h e  lateral force resisting frames in floor and second-floor levels are 56.4 and 7 1,9 kip
proportion to the frame stiffness. (250 .9 and 319 .8 kN), respectively.

The t iexur a l rigidities of the diaphragnrs are ntq Since the building is symm etrical , tire centers of
great errough to contribute significantly to the t iexural m ass and resistance coincide and the torsional moment
r ig id i t y  of the gird ers. to be considered in the design of the elements is caused

by accidental torsion. i.e.. the story shear times S
1975 SEAOC Provision s perce n t of the dirn et ision of the building in tire story

.\ base shear uI 2 1 5 . 7 k ip was used to calculate the under consideration perp etrdicular to the direct ion of —

e ls ’s igmn t srr s’es I or the transverse d irection of tire t h ree , the applied eart h quake force , Using the story sm ears
sl ors  . r in um eni t  resist ant steel frame building. Tine base computed in Table 14 and 5 percent of tine leirgthn of
shear was computed fr orrr h~ 4. taking Z = 1 .0 . 1 1 ,5, tire building, tire accidental torsional nr omr r emrts at cad s
k 0.~ 7, ( ‘ = 0,080. S = 1.5 , and W 1788.6 kip (7 .9 level of tire building were :
\IN) In ee’ (nputiing the coefficient C, the bu ild ing’s
Iwriosl irr the transverse direction was estirriated fronns
tine form u la Root’: 

~
1na = (76.1) (0,05) (192) 730.6 ft-ki p

(990.5 krir-N)

I ~~o.i  IS  ~~~~ \ 2 / 3  
IF q 1 8 1

Third Floor: M 51 = ( l69 .1)(0.05)(192) = l~~23.4
T akrrr g / - 1 .0. I = 1,5 , S = 1.5 , 11 = 34 ft ( 10 .4 ni) . it ’kip (220 1.0 km-N)

~iclds 7 0.70 see. The basis for using this formula
rather  t i nan the conventiona l formula

Second Floor: M ta (2l5M (0,05X 192) = 2070,7
1 0.l N (Eq l9~ ft- k ip (280 7 . 5 km-N)
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Table 14

~‘ertical l) istribution of ’ Lateral Forces aind Story Shears for 1975 SEAOC Provisions
(Metric conver siomn facto rs : I ft = 0.3 ni and I kip = 4.4 kN)

F5 V 5

I e’td kip ~ In ti -kup s ~.W .,h . k ips kips

14 1 2 1  ((n.4 it ?fr . I 7 e  I
I l u c i d
I he ,~ ‘i i  ‘ in 2 2  t 5 ~~~54 tl  0.431 93. 0 169 . 1

.~~1,i

I ( , , e ‘ii ‘ 15 I I  7 ’ 1 ~~I) (L 216 4tr .tr 2 1 5 7
I urs r
I I scee r (1 

— 
0 

—

~~5t ’iU ~ 7 .1 l oon 2l~ 7

liii’ ,ucc mde nntai  torsio n al n i ronnem nt s  pr oduce addi’ results, Monrents. ax ia l  forces, and shears are tabulated
tro r u a l  sln e. im s mu tine vt - mt uc~i ele unr em nts  of tIne franres urn t~rr each column, while surly the mnnonrernts are tabulated
cts lunrn lnr res I - 4 , 7 . .-\ . aird C. l ire efl’ccts ut tire for tIre girders.
atc~slein I a I ts r rsi o mi a I n i nonn i s’ni t S .11 t- d i s t r ibuted to  t Ine
vs’r t ic.ui ekumis ’r rts inn proportion to their css mrtribut iom r
to tine S t e e l  ‘s torsional st i ff ne ss amid comnsideritr g the
dia p l iu  agmnn ’s s u i t  less . Since tire roof diap ln ra gmi n is v t - tv  Roof

flexibl e , eat -h fr ar rre acts alui nost irrdepend ennt ly amn d tire
e ffects sri acc m denu ta l  t orsion n camr he igtr srr ed. At tire
t hu ird -I l t ro r lest - I . t ine add itis r mial slit-ar in tire vertical 3

el emn r cn ts of tine fra un r e s srmr colu m n h u es I an sI 7 was
conri puted to be S 3 kip (23.6 kN ) . Likewise , at tire
sccom rd-Il osrr es ci . tIne additional sm ear produced inn ~ 2

tin t - se frames ssas k 7 .t, kip (3,5 .8 kN). r u e  additio n al
slit-ar force due no tors iomi roust be added to the pre-
vious lv conrp uted lateral slit-ar t’orces for tine verti cal 

~0 40 so
elements sifi ct lunr m n lin es I and 7 to obtain the total SHEAR FORCE , k i p
shear force s ton design . Tlrese total shear forces t’or tire F RAME I AND 7
vertic a l s’i e un ie m nts omi ctrl uurrnr litres 1 . 4, amrd 7 are sunr~
rnari ,ed iii F igure 17 .

Root

Tire la teral t t r r s’es applied to each f’ra n ir e were deter-
mined frotrr the total shear forces, Figure 18 sirows
tin t -se lateral forces . togetir er wit h tine dead anr d reduced ~
live loads, Each frani re was an ialv ied for tire b ash ing ~
conditiorr :

U= l .OD + 1 .01 + l,OE (Eq 201

These analy ses were per t’orm’mred using tire TABS 77 1
0 

- 

20 40 60 SO
compu ter pr ogra nrr .~ Figure 19 su ni n mn n ar i , e s the SHEAR FORCE . k i p

____________ 
FRAME 4

~~~-\ lluahi hu tlah . I- . Wilsern , and I t .  t)ewey . rIBS
Three ’ I ) npp n q ’nr n~.”raI -ln.ü u nis n )

~ 8mj ilJrn~ Su ’str nns, Computer Figur e 17, Shear forces distributed tsr tire vertical
Pnrg ranr . I I  R u . ~2 - $ tCompu tc r St r uctur es Intern ationa l, elemrrents of fram es. (Metric conver sitrmn

— I~vcs’mtncr 1 Q 7 7 . ic r msed April I’ ) ‘en( factor : I kip = 4.4 kN .)
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V3 ’ 38. I k lp
L’0.68 kip/t ?
D’2.38 k lp / f t

18,3 k lp _ U l I l I l t h l t  I I I ! ! ! !  1111 i h I l l i l  I I I !  1 1 1 ( 1 1 1 1 1

V2 ‘56.4 k lp
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Figure IS. Fr a inr e Isr adings for 1975 SEAOC prov isions.
(Metric conversion factors : I ft 0.3 or and I kip 4.4 kN.)
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M e u u r h c n  ~t i t - s  were proptutionned accordimi g to AI S( ’ where
spC . u t i c a t u o m u ~. u: , untc. t ’~ pe -\ Sis steel w i t i r  a w ork irrg
stress ot 24 kM ( I  t~S ~ Mh’j) - cu d ~u m r m o ds ui u s  suf  e las t ic i t y  

- l i i i  23 J
ccl 2’i , I~~~)() ks ( I  s)c) ~ I. I ,  Pu us u u  to prop um t i e c u i l n u g  ,,.
t Im e i iu c. ’ u , u h i ’, s . u i i ~- i , n ouu u euu l ~ ar i d  f o i ~-t - s  ~s c i t ’ t i u s u d e si e~ i - - I
I u t ’ c .  t e e m  I 5 5  I i ’  . i s e e I u u u u t  t e l l  I l i t ’ c lii ‘s ~ _ c l c l s’ e l m s ’ m l • mm
in k  c uss’ mit ~ ctr kunmg ~i icssc s lou c c l  I l u s l u a k e  lcc .ids . I ui ’ h um I l t s ’ . u h e s v ’ (‘\ I cus ’ss m ec mu . I~ us .I u u s’ xp icnus ’ r u l  n t ’l , iIcsl In  I lu e
u i ro n r e mnns . ax i a l  t c l i t - n’s . and slicans mm ndu ct’d inn t he f r a m m u e  p eri od sq time b um l s lm mi g aur d s~ j s ta k eum i c c  hi’ I - l i i  I e~ Ilk ’
ur n c tc l u mnnm n l im e 4 gov ermr cd l ime desagm u . Figure 20 building u.mn d e u c onnsi der j t u , eu i  Tab le I 5 s u um r m unar i l e s
su u n i  .uu i / e s  the fin al nnc nn h er  s iie~ . In addmtu ui n . t he the computat ions ui tire l a t e ra l  slit -ar t u r c t - . i-~ - appli ed
s le e t y  d r i f t s  it o  the bu il di n g were c ommu pute d and found at eac ir bevel and tir e resulting story sm ears . Sm rr ce t in .’
I C c  com ply with time allowable d r i f t  cr i terion sr I ’ 0.005 results of tire previous SI- AOC design indicated tha t

ci u l e  ‘s t e r ~ heig ht . t ime muu e m nrber nnn o m u rcn t s ami d forces for the frau n i e on
co l u n n nm r limit - 4 gov er n ed tire desug un , ouu I~ the le cadin g s

S uu n ce s t e e n S  shears are a fu mici au uu e ui ta l  mu u e asu r e of a mumu pos ed ( urn this I ra nt re wer e  d t - t e runimne d - I Icc s t e c i ~
st I c t u I e ’~ latera l resi s t .cn u cc. ’ . t Ire St e e l \  sh ears co u niputed sm ears in Table I S were distr ibuted to the ve it ica l

iii r~ bk 14 : u l i ’ p lotted as Curve A in Figure 2 1 . I how - e l em n n ents of the rnr o mr i ent frame on cscl u un nn hin t -  4 .
t’\t-i , t ine s I c e r ~ si ic: ius  m u  Table 14 were u miu l t i p hi ed hs- in accordance wmt h tire procedure pre vious l~ d m scumssed
th e t _ cc e e i  I .7 I .53 I 25 to t ra u rsfe r t in t - t i n  to  a it -I d (p 341. Suhs equem rt l y - t ire lateral  forces app lied i c e  t ine
s t i t ’ss lc ,u sis  t hat  ~~ec u ld prvnv id c -a cscm nsis te rr t basis for fr an nre otr colu m n l i m e 4 were de t er n r u mr c d l r o ur n nI ne
c f l l l i ,ii M c ii  s~ oh tine  ATC-3 pr ov i si s) Ins . Itt addition , total  sh ear forces. Th ese lateral ft e ces . tog et hue r  w u t in
th e l a t e ra l  det le cti o tn s for tine h ui ld iu n g are p l o t te d as the dead and reduced live loads , ar e s1r s nw n r in Figur e
( u r v e .’ A ni l u g i u r e  22.  Tirese lateral  de f le ction rs repre- 23 . Tire ATC-3 provisio n s require tha t  the I r a  . be
s t - n i l  tine disp lacem n ne r r t calculated froni r tine app lication analyzed for two loading conditions.
set tine requir ed lateral tic rces urru l t i p lied by tine factor
I K =  1/0 .67 =  1 . 33. U = i . 2 D + 1 , O L + l . OF

IEq 241
U = 0 8 D+ t O E

1978 ATC-3 ProvIsions:
Equivalent Lateral Force Procedure

Since tire bui l ding being designed is located in a
Seismic Index 4 region (A a = A ,, = 0.4~ and is considered
to be an essential facility, the 1978 ATC-3 provisions
specif y t h at the lateral-force-resisting franres on
column lines I . 4 . and 7 must be designed as special
nn ro m rr en t I’r am n r es usi n g R = 8 am i d C 5.5 . A base shear W 14s34 

_____________________c c l  164 t~ kip (7 32 .2  kN)  was used Isn calculate tine
design forces for tire frannue in the transvers e di rectiotr .
( Inc nr agn itud c of lIr e base sh ear was conrputed from r r

I hue i’cn rr n iul j u W24z6r  ____________________

V = C W  [E q 2 1 1

taking C = 0.092 and W = 1 788,6 kip (7,9 MN). The W24 ,61 
______________ ——

period of tine structure was assumed to be 0.70 sec.
Winbc same as for the 1975 SEAOC provisions.

The base shear was distributed over the heigh t of ~~~ ,,. 7, 7,

the building according to the formula

Figure 20, Franre nr enrber sizes for 1975 SEAOC
F 5 =C~~V JEq 22) provisions.
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A. 975 SEAO C PROVISIONS ( Yi eld Stre ;s Bas Is) ’Roof B 978 ATC -3 EQUIVALENT LATERAL FORCE PROC EDURE
C, 1978 ATC -3 MODAL ANALYSIS PROCEDURE
0. TM 5-809 - tO APPENDIX PROVISIONS

SEAOC MULTIPL IED BY 1.7/1.33:1.28 TO

IL ______ I APPROXIMATE YIELD STRESS.
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o _ _ _ _
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ib
STORY SH EAR , kips x IO3

Figure 21. Story shears for ductile steel frame building, transverse direction.
(Metric conversion factor: I kip = 4,4 kN,)
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_
~ 1/ LEGEND m

A. 1975 SEAOC PROVISIONS
S. 197$ ATC-5 EQUIVALENT LATERAL FORCE PROCEDURE

0 C. 197$ ATC-5 MODAL ANALYS IS PROCEDU RE
I— 0. TM 5-109-10 APPENDIX PROVISIONSU,

2 -

B

0 0.2 0,4 0.6
LATERAL DEFLECTION , FT.

Figure 22. Lateral dchlc ctions of ductile steel h’ran nc bui ldi n g. t r aunsvc rse ili r ecl i omi .
(Metr ic  conversion factor: I kip = 4.4 kN , )
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Figure 23. Frantic loadinig s I s mu 1Q78 ,A1’(’- equis’ rmlcnl lalera l loncc pr ecce dn ime .
(Mel I It ’ t’edtls s’rsionu hacl e e n s I ft 0.3 inn curd I Lip = 4 ,4 kN .l

-I iii cc e c ’ c  d i , I f l e c’ ‘NIl h the proce dur es ic s’v t c n i is lv  A sld itj s cnrrnl i tem cills i mts we re neec’sscnr~’ to admit - se cm l lmncr l
clu ’cs - mi ’, st’t l ( p ~‘i 1 Stmhs e qlte nnl Iv , line h i l t - u  ml l ’ec r ct-s desigir - Th is sect ion su nnnn n na r i ies  lm n Iv tin t - proper l it-s tdl
app lied l e d  I In c In  a l ilt ’ c cnn col u no n n l i nu s’ 4 were tkle imit u ed t lie I lm n iii sle sigmn
l’re c mlm l Ime ledlcu l slu t -am I c e n t ’s’’, I’Inese lateral forces ,
t ogeth er wit h lime dead cin is l reduced live loads . cure Table lQ sumnlnnrrm r i ies  line periods arid tootle sh apes
s i i e c w n m  Inn l :igur e l I c . l Im e l’r cm mm ie sn m s anialv ,ed I c e n  two for t in e lowest three nr itndes of vibration m r  tine Il-airs ’
lisidi mug s’e m m n e l m t  10 mm ’ , cis shne c w mn in h1 .~4 Figu ire 27 vt-n se dirt-cl ion . Eq I , was used ho counpu h e inn oda l
sti tn i m nra ~ t ics  t int -  t esrihis t dl l int - se .u m r cti s st’s pcum t is ’mpci t ioll 13d e c 1 5  nn’iticlu wet-c dc le im mmi m ne d  10 be

0.4 I I - (1 .12 1  , amid (1 lIcS , nespt’c.’his ’ s’is- . TIne valu es c d l

Me unihes sr C’s wem c pro ~cte r I m oim ed I ohlow -ing I I n c sac t n t ’ line seismic design s’oehl lc icmml ‘,‘,- i’ mc ’ sli’l t -i mi n iumed Ii  e l m m n
pn eu ~ c st imn s’s cc ss~c l Ion l im e ’ “t l ( ’ -~ s’e 1 ummn .ik ’unn lale r - ci l lor~e h1s 14 rind I~ l’cik imtg Am1c~ 

‘
~ 0,4 g, S 1 .1 . ari d R
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‘ci ‘c’s. de si gmm cec el l n drei m l s ws’m e computed ( t I  let’ (t . c~(~ ) , 0 0(1 7 ,
arid 0,(c(c 7 . h is ’ ha l her I w e m value s Wt’ili hi im t i tc d Id ’ , 11w

l’lne s l c c m  sin ears uim n d lateral de flect j oins arc plotte d requireti tent ( limi t (1w seistnnie design ctcehlk ’ir’nt nt-etl
,i ’. ( ‘u m r vc ( ‘ m r  I - i g ium e I i  and 22 , ns ’sp cc t ive ’l~ - 11 d m it oh e~~s’eeel 2 .~ AIR = 0,(n(c 7 for the east’ al i iamt t i ,
~‘onnpcu rnson r wit In I he cu b it - s I ’n non t ire SI: M~(’ curt d
.-\ l ( ’ 3 Cs 1mclc  .iie ’ n n h lateral  I ’eir cc inn oces lur e 1’Ine nnno slii l s l e i n s forces rm s.soclahcsi with lin t - Mi’E

were de l eni um hired In dl  I l l  I t i  I ti an si arc sri m n m m i i  lit-ti urn
TM 5.809-10 Append ix Prov isions habI t ’ 20 , tscgt’t ln el w hIm lIre n ’esuill imtg mnnsedal it te d l S

Time mi n t ’n nnh e r su es obtained I’r ommm l ine I Q7~ SI- ”tO(’ sh ears antI line tIe,clgni S he d S shears obt umlnre d bes lak i mtg
t lcsmgi m c ’t h i re  bu i ld ing  were also used as t ine 51:11 h u g  li l t -  square root c ’l the soon nsf (he squcnics cci ’ li n e

~~i mn I I o n  nine  I ’M ‘ 5( )~ 10 .‘\ ppe’ n n e h r s, desigut - nicida l s’alumes .

41

- -~~~ - -

~ i ‘ 
-, , ~~~~~~ L~~ ~~~~~~

—‘- _c.-4i.~~~~~~t.t’ct ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
.~~ ‘~~~ a—.c-e—c.-_-- - ~~~~~



-29.7 107.2 -37.9 100,6
0 In a’,
in ID 0an

0-. ‘ (DIn

- as ’
• - 1 1,5 274 .5~~ -49.0 251.8

ID

O N  , N Ø n
( D I D

Vi

Vi ’ N ’ In
- 0 CM

V -18.2 266.9~ — 
-63.3 234,9

an
an

to g’, i~~In
I n N N cd4 (c4

J7r

FRAME 4 r  l ,2D 4 l.OL • l.OE

6.7 63,7 5.6 62.1
Vi ,

~ N
CM ID K)

In In

9 K)
V i t o  ID~~

I D ’  ID

50.3 200.4~ — 
25.1 190.0 ~

In an ID

—~~ ‘ Nan ‘ eD en
I n ’ -— a n I D N(54 (54 I a n d

vi 0 —

40.1 I90.7~
’ 12,9 1 76,6

N
N 0

~~~ 0~~~ I D —
n f l —  I n = ISJ

FRAME 4 : O $ D + I O E

Fignire 24. Frame 4 uneutber in isinnent s and leer ces for 1078 ATC-3 equ iva len it lateral force procedur e ,
Moments are in ft - kips and forces are inn kips . (Metric conversio n la cto rs: I kip = 4.4 kN
cum d I l t — ki p = 1, 4 k mit—N.)
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Table 17

Veflical h)istnbut ionn of Lateral Forces and Story Shrara for
1978 AT(’-3 Modal Analysia Procedure

(Metric conversion factor: I Lip = 4.4 kN .)

Modal For ces amid Slory Shears f)esi,gn
Mode I , Mode 2 Mode 3 Sloiy

F~01 V~~1 Fxm ~ ‘cm F~m ~xm Shears
Level kip kip Isi p kip kip kip kip
R c ccd l 47 ,3 ‘24 .Cm 4 .1

4 7 1  .74~~ 4~7 S b  S
Ii m m r e l  I Io c ’r 51 .2 2h t ) - 1 8 . 1

104 .5 1.4 .1 3 o  1115 .4
cc See , c i c c t  l - I e c c c r  25 .2 2 8 . 1  24.8

I 1d) 1 29 .5 1 1 , 2  I l l S

1 - i r s i  l I ec c c u

Table 18

Deflectiomis and Story Drifts for 1978 ATC-3 Modal Analysis Proced ure
(Metric conversion factor: I f t  = 0.3 in)

Deflechitins 
— Story Drill , ft

Design I)eucign
Level Mode I Mode 2 Mode 3 Value Mod e I Mode 2 Mode 3 Value
R e~cc l 0,3035 - 0.02 4 3  0.0( 1 13  0.31)44

0.1089 .00379 o .0041n 1 ) 1 1 5 4

t ’lnirtl l ’ Ic c tcr  II . 1945 (( .0136 - (1.0027 (1,1950
01089 .00 (1 11 ‘ 0.0064 (1 .1 ( 19 1

Second I I ccccn 11.1)856 0.0 147 (1.0037 11.0869
(1 (1856 0.0147 (1 .11(171 (1 .1)86 9

I u r s( I - Ieeor (I 0 0 0

1’Ire nnodal disp la c emnemi ls were com nipuh e d inn act ’ e d m  -

damice with Eq I 7 :und Table 2 1 s u m n nntr ami F e s line m odal ‘

W u4 ,34 disp lacenn emul s amid modal sl im y drif ts  wh ich wer e
oh-mtairned by computing t ine dit ’fe retmce bet wet-tm this ’
disp la ccnncun t of tine top arid bottolti oh tire Sl t c m -

Tine nnt o da l displacennrents arid m odal s ton y  d r i l l s  stens ’
w24,6i counbined by taking tine square root of tine snot of t h e

squares of the min odal values to oblain tine lol mil
displacem ents amid story drifts , Tine mt naxi m nn u mn lal era l
deflcctiom ns and story drifts for the buildi n g w-eic

W24 *SI obtained by multiplyin g tIre total disp lacemt ten r l u s  
~~~~

= 1,5 , These results are also sunn n inrar ize d im n table I I .
Subsequently, tine comttputed story dr ih ’t s were cccin .
pared with tire allowable story drifts amid found In he
satisfactory .

57 5,- ~~

Tine story shears amid line add iti omnal sincai s mesuihimng
Figure 25. Frame mn icm nb er sites for 1978 ATC-3 fr onn t line accidemr t a l torsi onnal linomein l were st ishti huled

- ‘ equivale n t lateral force procedure . to tine vertical elements of tine m000iel nI I’ra mrn es cc i i
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L ’ 0 .64 t r i p /f t
________________________ 

D :0 .82 t r i p / f t
26.8ki~ I1IIII i 11 l 1 II 1111 111 11 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  II

V3 p26.8 t r ip

L~ 0.68 k u p / f t
__________________________ 

0r2.38 t r i p / f t
8.3 t r i p 11 1 1 1 11 1111!! 1 1 1 1 1 1  III 1 1 1 1 1 1 1 1 1  I 1 1 1 1 1 1 1  II

V 2 ~ 35. I  t r i p
L~ O.68 t r i p / f t

_______________________ 
Dr2.38 t r i p / f t

9.4 t r i p  11111 Il i ll i El 1111 11 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 !  1 1 1 1 1 1

V 1 ~44 , 5 t r i p

77 77. 77 7? 77

FRAME 4

Figure 26. Fr an nic l o ad u m ngs for 197$ ATC-3 modal an aly sis pro cetl im me.
(M etr ic  c or m c c r skn rm factors: I ft 0,3 on a mu d h k ip = 4 .4 kN ,)

Table 19 tha t  the nmn ( ne t mIs  arid t e e n ccs were.’ divided u s  t he
Il i cteen I .7 rather nl r an n  I .~ 3. lit-cause tine ‘i’M S 800_ 10

Periods and Mode Shapes for I 978 TM 5-809-10 Appen dix pr ov is is cm n s do riot con sider capacit y reduc-
Appendix Provisions l ion factors. Figu re 32 su m mimm r a ri ie s Ihe l’i u i ah nn iemnbe r

51,_es ,
Period and M~~~~~~p~~Mode I Mod e 2 Mode 3 Tine s l ImlY  sm ears ar id lal eral ds’hie ct i omi s are plo lled

level I = 0.512 1 = 0.194 T = 0.106 as Curve I) inn Figures 21 and 22 , respecti vel y , for
K ee e , u  11.208 1 0.1954 0.06(59 purpose s ot ’ ct mn nnp a ris o rr wit h ti r e value fro m tine sillier
third Floor 11,137 5 -0, I 1132 -0. 12 64 pr tm vis iom ns

Secimmid Floor ur .0606 -0.  1 2 1 1  (1 . 1649

Design Comparison
‘ri te pitch s of line stony shea rs u m m e se mi ted iii Figure

columrrn litres I , 4 , and 7 imn accorda n ce wit h lhre pro . 2 1 prs ivide a good grap h ical co mnnp :mr is on r t e l lIre r esul hs
cedures previousl y sh iscusscsl p 34) . Figure 2~

) sumi r- ob lair ied usi n g tim e va r ious  sle sigmt l i n ov i s i t em n s 1’Ine
mnn ar i !es the resultant franti c loadings. Each fra mnn e was A1’(’-3 m n n o d: m l an al ysis procedure v ie l t is  tine sn nna lks t
:mmnal y ied for the two loading cou ndit iomn s shown in design sI tu ’. sh ears amid tire TM 5-809-It ) App enndi s
15 1 24 . Figures 30 and 31 prescmnt tine r e stml ts oh ’ t int - se provision s meld t in e largest sle sigmi she e r ’. si n eans .  W lr emr
analyses. re fer cmnced to tine SEAOC sh scrv shears , tIre A1’(’~

n mn snl al an n alS Ms procedure yields shory shu ca n s ( m at are
M emnn h er su es were prop snrh itnn ed followIng tine satnie approxi m ately 50 pe rce nnh of tine SLAOC stor y  sm ears .

procedure s used for time I 97$ ATC- 3 provisions , except hi re ATU .3 equivalent Ia lc ra l force procedure ~ ielsls

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~
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F~ n~e 27. Fr airne 4 member moments and forces for 1978 ATC-3 mr noda l analysis proce dure ,
(Metric conversio n factors : I kip = 4.4 kN and I ft-kip = 1.4 km-N.)
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Table 20

Vertical I)mstr ihuhioun of Lateral Forces and Slurs’ Shears for
1978 TM 5-809-10 Appendix Provisions

(Metric conversion factor: 1 kip 4.4 k N)

Modal Slur)- I,,ale’raI Fors’t’s amid S(ot~ SI m ia n . tr ip
Stor y

Mod e I Modt’ 2 Mod e .1 Shears
Level ~~~ ~

‘
~ rn 1’ xm “ xnn 1”Irn ~

‘
~~iii 

tr ip

Re se c t  I I ( I . 9 - 129 .4 17. 2
3 t 6 . 9 . 1 2 9 4 2 7 2  3 4 3 4

l IOrd I I s c e e n 195 . 2 129 . 11 - ‘)(, 5
T I I  I 1 1 4  - 6 9 (5 7 1 5 5

See te n e t l- .(~~ i 174 3 1 5 1 . 4 I ‘ic .1
55€ ’ -I 151 .11  cl .  7 90 1 (1

I irsI Fleecet

C .. I It -V c’an umu u t u nuderg o Ian gt’ iunel ast is’ ik’ Ion oral i e mi
win ch a nt ’ s vm nt mmnsmmmmou s w u t l n  large reSpselise nn o d mlne. .u  -

W 14 a lio n coett ls’ie m i t s .

rite ct sn inp ari so rr of tIne lateral delle ct i omns inn F igs mm e
22 indicat es that  wh ile there is signi llc amnl dift ’eremr s ’e

W24t55 
_______________________ 

hetweenr lire AT(’-3 anrd TM 5-809-10 App enn dix slots
sh ears , there is v ery 1(1k differen nce in ht neir  late r al
de tlecti smm ns . Tine SI- AO(’ latera l detkct iomr s ant - nns sl
dir e chl y co nnr p ar able hs i lIne ATC-3 amid TM 5.809-itt

W24 * ~ __________________________ Appendix lateral deflect ions because tire SI: AO(’
deh lech iomrs csirre spomnd to yield Stress lii lin e n nnem nnbe ms ,
while the other det ’lechiomn s imr corp siu at e v ary im ng
annn oumrts  of du ct ih i t s  -

j a
57

Perh aps a bet t en  nrnet hnod l’ot c omnr p a ri mng hire v amious
design provisions would he lIn t’ quan t i t y  te l ’ sIt-el rs ’-

Figure 28 Fra mi ne nnn ennber si,es for 197$ ATC.3 minodal qu it -ed for a typi cah hate ra l fsnrce- mesi slan t fr an ti c itt th is ’
analy sis pr imeerlu r s ’. tra nnsverse dir e ct i omn . Tine various weig h ts of ’ a snu ng le

typical h’r an n n e arc sumn nnrra r i , .ed inn Table 22.  m t  addition ,
the fra mnne wei ghrts have been mrormali,ed his tire I’) ‘~~

story shears that  are apprs)ximate iy 60 perc emlt of ’ SEAOC provisionns ’ t’ramnne weight , and tine added weig lu
tine SI A(X ’ story shears , amid tIne TM 5-809-10 per unit floor area of tine entire bu i lditng has be t -rn
Appendi x provisi onns yield story shears t h aI are cu mnput ed . Tire lateral force .me snstant Crannies desiguned
approximately 32 S percent greater t iran Ihe SFAOC in accordance wnth tine ATC.3 nnotlal analysis pr im -
slon s shears. One explanation t’or (iris dit ’ference is cedure anrd tine SI - AO(’ pm - ovn smo mr Inav e nn s’a rh v iden tic a l
the underlying desigmn philosophy associated wit h tine weighr ts , while lIre la l emal forc e-iesist atr t I na mi ne s
variou s sei smnni c design provisions, Tire TM 5-809-hO desigmned iii acco rdance wit in t ine ATC-3 s’quis’alcuil
Appendix pro v isit mn r s are intended to provide rea somn- laler al force procedure amn d TM 5.809. 10 Appendt~
able asstumatrce that essenhiah facilities will rem nr ain fumno.’- provisio n s reqrui re abou f one antd omm e .hn al t ’ to two Immures
lionai following ann earthr quake . whnii e tlne other prim- as nn n u ic h n steel as (he SI’ A(X’ design . However . linu s
vi susmm ns are intended to n ni nm i nm nit e time tn atard tsr hif e . increased quamrt i ty sit ’ steel slnoti ld h ave tun I s a unn i n u n i unal
Fsscm nt i al facilities should experience only liu n n it e d ( I  to 2 percent ) in nupa ct on tire building ’s tot a l  cosh
danunag s’ so that  critical functions can he n n a iurt ai nue d . because :
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~~~~~~~~ lii!! I ll ! II lilt ! till 1 1 1 1 1 1  ItT

V 1 ~ 339,4 t r i p

7~~77 -

‘

FRAME I AND 7

L’ 0.64 tr ip/ft
_______________________ D’0.82 trip/ft

I ’?I . ’T t r m p  ll l lII I !lllIllI Ililif! Ii._f I I 1l l llllilllI Ill

171 . 7  t r I p
L’0.68 t r i p / f t

________________________ 
0~ 2.38 t r i p / f t

66. Strl p (I[tfIII [[[[f [l 1 (11!!! F[I11It1l f I I I I f I I l  I I

V2 1~~39,5 trip
L~ O,68 tr ip/ft

_______________________ 

Drn2 .38 t r ip / f t
61.8 tri p ( lItlIlIllIll I l l 1 1 1 ~[1 I..I!l J J J Illll I l 1 1 1 1 1 1

V1 ~300,5 tri p

Z’ 77 ~~7 7 ~

FRAME 4

FIgure 29. Frame loadings for TM 5-809-10 appendix provislours .
(Metric converslonr factor: I kip = 4.4 kN and 1 ft = 0.3 Iii)
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Figu~~ 30. Frame 1 and 7 nir enni b e r n rr o mn relnls aurd t’orces for TM 5-809- iO appennd ix provisions.
(Metr ic counversi on factors : I kip 4.4 kN and I it 1,4 kin -N ,)
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Figure 3 1.  Fr anrn e 4 mur ennber monren (s and forces for TM 5.809-ho app eundi x provisions.
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rabl e 21

Displacements and Story Dr ifts for 1978 TM 5-809-10 Append ix Provisiofls
(Metr ic conversio ns factor: 1 ft = 0.3 inn)

l)ispI~ &-
~ menns . f t Slorv t)rifl. ft

Iemcl Mode I Mec ~I,’~~ Mecil s’ ) SK SS M~~~imunn Mode I M oth- 2 Mod e 3 SRSS M ai. irnun e

K . . . - L  I I  I so-i I i  I (  ( l b  1 1 1 ,11 ‘ Ii  18 1 7  ( .2715
0.06 (4  .( i0 ~ 6 7  ( ( ( ( ( ( 2 0  ( I  0b~~~~ 

(( (( e) 5~
I h c n , i  I I c e :  O l  I ’~’c ( i l u(rc (, 1 i n l j  I il - I (9 6 (I 17 95

0.1166 8 - i i ( ( ( ( t O  ii ( ( ( (  .‘9 (( .0669 ( ( I I  i L l

~~

t’

~ 

‘e nd I h e c K .’’ 1 111 € - I t’ I L  ( e l I t e  ~u ()53I ( ( ( 7 9 7
11 .051’ 11.11(166 (1.0(116 0.0531 0 0 7 9 7

I , n s n  I . ’ . c  (1 0 0 o o

4 CONCL USIONS

Based onr tIne conrp arisonn of tire story shears and
lateral deflections for Lettern nr an Hospital amid tire de-

W~~4i 94 _____________— signs of a t hnr ee- st or s  , moment resistan steel frann re
hu ildim i g carried out inn accordance with various design
provisi omns. several comr clu sionrs are apparennt.

W 2 4a9 4 ___________________________ Tine mnnajor comr clu s iont s with respect to tine Leth en-
nr ani i I sr sp it al stor s shears aun t! lateral de fle ctio mrs ar c

I .  Tire I 964 UBC pr ovisionrs produce cqu ival cmi t
___ yield stress basis s to n y  sm ears win ch arc approxim nr ate lv

~~~ ~~~~
- -

10 to 35 percent of the story sirears obtained I - s un
AA ’s l imrr e history mrroda l anra l ysis.

Figure 32 Fr am nr e run t - r ushe r su es for TM 5-809-10
append ix provisiomis. 2. Wlnen the dynanric cinara ct er istic s of tire struc-

tures are considered wit lr regard to detern n inimng tire
total lateral forces and t lre ir dist ri butiomrs . tine 1Q75

I Fine hu i ldi nn g ’s s t ructura l  s~ sl en n n csmmrs ists of sevemn SFAOC provisionrs produce equiva lent yield stre ss basis
I o ael . . , . , i rnvumr g t r anucs  inn tine transverse direction . sec- u tm n y  shrears whiclr are inn reasonrab le agr eenne mn h wit h
cmni t Ia r ~ fr ann n i n g sy st enn u s . and floor ss swn r rs.  Wit hr tine tIne st sury sm ears obtai mred fromrn AA’s tinne in ist ory
exception that three of t ine seven frann ies art- lateral nnnod al analysis ex~,’o.’pn m u  tint - base structure and t I m e
forc e.re sis ta nt t’r a m nn es, the reurnainder of tine structural intermediate stories in tine tower in tIre E-W directio n .
ss c ls ’ nnn us not a ffected ,

3. Tine 1978 ATC-3 modal anal ysis procedure yields
2. Fou r ti n s t %p e sit ’ bu ilding , Ihe structural sys eunr story sm ears which arc gennera l ly approx imrratelv 100

r cpres enn s I S  to 20 percent of the total cost of tine percenrt greater (m ann tine I%4 LlBC equis alenu yield
h iu ih oli nr g. Thus , if the structural syslemn ’s cost imncreas e d stress basis story sm ears in the tower amnd appr oxi mnn at el v
hs .ippro x irrnate ls h O percent . the building ’s lota l cost 10 percent less than the 1964 UBC equivaiennt yield
wsmul d increase by t in ily absiul 2 per cennt. However , stress basi s story shears inn tine basic structure ,
t h us does not imply Ihnat tire dmspari ly be t ween the
various p r e e s u c u o n n s  should not he evaluated in n greater 4. Wineur couniparab le acceleration levels ate
deta ih to assure the saIud ~ v nit ’ designing with the larger specified , the TM 5-809-lU Append ix provisions s it-Id
ste ’r s shears, story shnears wIn ch tire inn reasonable agre emrnemr l witir
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Table 22

Comnrparison of Fr am n mo’ S%eigh (s and Base Shears for Three-Story . Moment Resistaifi Steel Franne Buil dimng
i Met r is’ conver sion factors : I lb 4.4 N , I kip 4.4kN,and I lb/f t2 = 47 .9 Pa.)

_____________— 
t)esi~n Provisions
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