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eated outside the .trong freme , Lines 12013 and A-B.
SeveraJ earthquake record, have been obta ined in

this etructure. Tbe three most intense responsea
recorded lo dale are those ebtained dur ing the Mor­
gan HiII earthqueke cí Apri124 , 1984 (M, = 6.2), the
MI. Lewis earthquake of March 31, 1986 (M, = ~ .8)

and the October 17, 1989 Loma Prieta eertbqueke
(M, = 7.1), Peak horizontal ground eccele..lion.
reccrded (or these events at the base o( the building
were 4,4 and"!! %g, respectlvely. The buildiog sub­
ata.ntially a.mplitied these base motions so tb.." the
maximum ItructuraJ a.c.celeration, dunns the tl.lth­
quakes were 17, 32 and 36 %g, respe<:lively. Molion.
al the .truclure during all the earthquakes c..used
widespre&d damage Lo conteots and disruption o( Jer­
vices. The responae record, exhibit A Itroogly mod­
ulaled pallem and locaIly indicale lhal lhe .lruc­
ture experienced substantial tonion, FiSl , 2, 3 and
4. Another CeAture of the responses shown in these
figures ¡. that the airucture continued to vibra.tevigo
orously lar more thao SO secondso The input motioo
was much ahorter in dura.tion and ma.ximum ,truc­
turaJ responses occurred genera.lIy long alter the end
o( the 'trong motion portian oC the b~e excitation .
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INTRODUCTION

Tbe l&leral-tonion&! coupled behavior o( Itructures
hu been the subject of a large number of studies ,
Investigations o( tbis be:bavior heve usually beee un­
dertaken lUing bighly simplified linear or nonlinear
computer models . Witn tbe extensive insta.llation o(
etrong motion instrumenls in atructures ercued the
wcrld, it bas become pcsalble to monitor tbe actual
tbreedimensloael behavior o( buildings.durinS eutb­
quake eventa aod lo atudy lateral-torlional coupliol
iD these Itructures .under different cooditioaa. _ ; . :

A Itructure tbat cxhibited Itrons la1eral-Lonional.
coup1inS in iLa recorded response, amoog other re­
'PODle chuacteristia o( ¡aterat, is a.o ..pparentlyo
relUJar thirteeo atory office buildins, locat.ec:i io Su
Jooe, Califomi~: Fig: l. Thí. building i. ioslru­
lDen\ed wilh Iwenly-Iwo unidirecliona! .iÍ'ong me:­
tiDo a.ccelerograpbs, positioned io tive different levela
(ground, 2, 7, 12 and mof) al Ihe NW, SW and SE
corners of the .quare frarneplan (Lines B and 12, FiS.
1). The .tructural .yatem consists ol steel moment
resistant apa.ce lrames. A Itrong moment resi.tinS
frame, Lines 2.12·A·B, i. 1ClC.\led around a Iighler
momeiJt resi.tins (rame. A much lishter úame iI lo-
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ABSTRACT: Tbe dyua.mic tcreional beha.vior oC a.n exisrlng building lba.l responded eeverely during eervice
level earthquakes is preseuted in this papero The building is & thirteen 510ey "regular" 'pace Irame structure.
Tbe reecrded responses cf the building during differenl earthqua.kes were characterized by long duration,
narrcw beaded motions with atrong amplitude modulation¡ by large transla.tional and torsionaJ mcricne: by
lerge amplificatica oC tbe input ground motions; and by slow decay cf the building ', dynamic responses .
Record, are studied lo obtain the building', dynamic properties and response envelopes. The causes (oc
the eevere response are identifled Crom tbeee etudiee. Tbree dimensional linear and non linear models of the
building are developed to match the recorded response of the structure . Parametric etudies are perform on
tbe ana.lytical modela te atudy tbe effecte of material and geometric nonllneaririee, accidental eccentrlclries.
bi-directional input ground motioos and energy dissipation capacity in the response oí the building, Reeults
indicate tbat the severity oC tbe tcrsional response in a eccentric multi-story structure is strongly influenced
by tbe leve! of inela.stic behavior I level of eccentricity, ground motion charecteristics and the srructure'e energy
dissipation capacity.

Investigation ofcoupled lateral-torsional response in multistorey buildings
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These equationl indicate tha t Cor similar uncou­
pie<! torsionaJ and translational periods (values oC
e./r close lo one), and small static eccentr icities, the
three coupte<:! natural periods oCthe system could be
ext rcmcly c1ose.

JI~-..,..---.,...-----------,

(1 - 0 ,)(1- 0,) = - m' .

Figure 3: Roof SW coroer
MI. Lewi. e&rlhquake.

Figure 2: Twelftb' ñccr acceleration reccrds.
direclioo . MI, Lewis ear thqua ke.
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·tio oí torsional 10 tr an5lationa1 st ifl'ness at the center
oC .I¡fro.... (Nole Ihal (e./r) ' i. equ&l lo Ihe ralio
of t ranslat ionu to torsional peri~s oCan uncouple
.y.tem.)

Alter sorne numerie&J manipulation it can be
shown tbat:

(2)o, = I

O.or , = ~ { (1 + (~) ' + (;) ' )

'f [(1+ (~)' +(;)'r -4(~)']'}

where: e2 = e; +e: is a mea.sure oCglobal eccentric­
ity, n", = (w", /w)'l is rat io oCcoupled to uncoupled
Crequencies, w = K/m. and e~ = K,/ K is the ra-
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",bere:: J(~ le the story translat ional sti fl'ness in tbe
X direction at the center oí sti ffness, J(, ¡s the story
tran,slat ional sti ffness in the Y direction at the center
oí atiffness, K, is the story torsionaI sti fl'ness at the
center o( stiffness. r is tbe etcry radius o( gyration of
tbe plan. e~ il tbe distance frota the center oí mass
to the center oí stifl'ness in the global X direction ,
e" is tbe distance Irom the center of meas to tbe
center oC Itifl'ness in tbe global Y dlrection, w'" is
the natura! Irequency form mode Mn" and n = 1,2,3 ,
V nl , v,'" and v", are tbe translationa! and rolational
components of mode n.

Tbe general eigenvalue problem presented here
Ca.nDot be eclved in clcsed Iorrn because of ¡ls cu­
bic chara.cteristic equa tion. Nevertheless, this equa­
t ion CAn be solved Ior the apeclal case oC ident ical
translat ional sti fl'ness in orthogo nal directions. Th en
K. = K, = 1<' Th e solution oCthis special problem,
with a single translational sti fl'neS5 1( , wi1l provide
insight into the more general problem.

The eigenvalue solution Cor this system can be ex­
pressed as:
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C&Il be obt&ined conliderins simple tb ree degreee oC =
Ireedcm ene ltory Crame eystems. The dynami c cher- - ;
acteristica oí a one story Ireme C&Il be obt&ined by
íormulatins tbe eigenvalue problem at the Itructure'l J I I I I 1 I 1 1 I IJ J>
eenter 0 1 m... (CM) iDtermo 0 1 Ihe tolal slobal.lifr. '1[11 ¡., : ,

o... er tbe center 01 . Iifro... (CS) aad Ihe distaace Fisure 1: Bui!dios plan and CramioS. •,! ; • . :
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center oC mua), d) • .11 vertical elemenre with negli.
gible tors ionaJ stitrness, a.nd e) rad io cf gyrat ion de­
fined io terms of tbe extemal column posit ion and
diatributed mus.

Figure 6: Twelñ h floor mot ion Mt . Lewis evento In­
put groun d motion 0-40 seconds. EW rela rive dis­
plecemem, SW cerner . a ) First t hree modes, low
damping model (1 %), b) Firsl mode, low damping
model. e) Second mode, low damping model. d) First
tbree modes , mod erare damping model (S %). Model
-- Record .. . ....

. ..~¡..:
, • I

(T~) ' = [(t )'(~)(N" -1) + (N,' - I )J ..

T.. (No-I)'(})' +(N, - 1)'•
where: N. ftr .. is the number of column linea in the
x or y direction, d. ftr .. is t he spadog bet ween twc
eensecutive columna iDthe X or Y direerícc, k. _ ..
ia the Ititrneas oC a individual coJumn in tbe X cr Y
direction, T_ i. the uncoupled t ran l lationaJ perlad
in the X direcrlon, and T", is the uncoupled toraionaJ
period. . _, .• ~ . _ . _, . ... _'.'. ' , ....

O" FOflbe .pecla! case of a square building wilh equal
. • tructuraJ ,.y.tems in both direct ions, t hi. formu la
~ ca.n be.•implified Al Collow.: .~." . .11 jo. ' , ,J. - .. ' '".'1.1

,. :No =N. =N, do = ti, and ko = 4;." e.,; ¡.: ,",,;
.o thar , :~ · " "';';' . , :: 1 . lt . .. . . ~ . L.· l' : . : .' - ~ . ~ Z" . I

.(T_)' ,."(N+I ) ' : :" " ,,'," " L O " .. ,"

T.. ',. (N _ 1) , : ,.... ,'" :" • (6)

It can b'e seen in Fig. 5 that this rat io quickly
approa.ches one as the number oCcolumns increu es.

For regular {ramea with a.n even distribut ion st itr.
ness in plan and ImaJl eccentricities the Collowing as•
•umplion can be made (c/r)' < 1 and (c. /r)' oc 1.
So Equalion. 2 and 4 can be approximaled by:

(4)
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Tbe mode .hap.. lhal correspond lo lhi. eigen­
value eelut icc have the following form if Co '" Oand
.. ",O :

[
-./. ..
i=ñ;' •

t = l ' O
- •• Ir !I.
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Figure 4: Twe1flh ñcor N5 relative dlsplacements
(SW comer) and lorsion (EW records ], Loma Pri­
ela eertbqueke.

Figure 5: Ratio al unceupled tran.lationa.1 aad ter-
•ianal perioda fcr & regular one etory structure.

Tbeo the mode lhal correspondo lo n, (= 1) i. a
pure tran. lat ionaJ mode¡ the predomina.nt direction
ol the mede il skewed relerlve lo the referente axes,
iDaccordance wilh tbe globa! eccenlricily. , •

,,:.C105e. lorsioDa! ,~d lrans lat iond ~uncoupíe'd 'pe.
ricds are ,lyp ically oh..rved iD .y.tem'lhai have
unifcrm',di.tribut i~~ ~( i,t iffDesa~' in plan ~{Ne~inark
(1969)). , For resuJar space fraroe .lrúctura lhese pe­
riodo can lheo be quite clcse, ,, 11 can be .hown lhal
lor one story;frames or multi.story framel .with ooly
three degrees of freedom per .lory [chain systern] tbe
ral io of lranslaliona! lo 10rsioDa! uneeupled periodo
can be obrained by Equation S if lhe .y.tem hu lhe
lollowins characteristia: a) multiple columns evenly
di.t ributed, b) unirorm distribution ,oCmus; e) co­
incident unter o{ mus and Ititrneal;!d) aH columna
wilh lhe .aro••liffn... in a giveo direction, e) & .bear
behavior wilb lhree degrees of freedom per .lory (lwo
honzonta1 tranllation. and one in-plane rot&tiOD :&1

.;'-;';', .~.J ~ .. "
; .. : 11' :{~. ·.i tlf· : t.~ ~\ :.. ;. !;...

.'-V;' ~ · ... ·r~ h i~., ! ... f •• " ..~
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ANALYT ICAL MOOELING ANO PARAMET·
RIC ST UDlES .

Re!pon>e -·", ! ~:; . , .. '. MH ML ;· LP
Values " . -.-,. l.. 1984 1986 1989

H Bese Peak R.ec. Aee. (S) 0.04 0.04 0.10
V Base Peak Rec. Aee. (g) 0.02 0.02 0.11
Max SIr. Aee. (g) 0.17 0.32 0.34
Mex SIr. Amp.' 4.87 7.05 3.84
Max SIr. Orift (cm) ' 18.64 33.19 38.17
Max Tonional Oisp (em)' 7.28 12.22 12.32
Max Orift Index' 0.41 0.72 0.85
Inpul Ouralion EW (sec.) 55 27 28
Inpul Owalion NS (sec.) ' 56 32 35
Bese Shear EW (V/ W) · . 0.08 0.06 0.18
Bue Shear NS (V(W) 0.09 0.15 0.17

(o) Defined as tbe rat io oC the peak accelerat ion at
a locati oD to the corresponding acceleration at the
ground . (b) Al recording po>ilion . (e) Maximum
differeDce between record iDg. at same building side.

The slruelure responded .lrongly lo lh... rela·
lively minor earlhquak... 11 i. believed lhal lh•
inteDsity oC tbe structuraJ response was cause<! by
lhe buildins's relalivoIy low dam pins, lhe lhree­
dimensional modo oC the building constr uct ively re­
inforcing one another dur ing portions oC the motion,
the input dura.tion, the possible resonance effect on
lhe build ing cau.ed by lhe c1o.e maleh oC t he dy.
Damic characteristics oC the site and the st ructu re
and the relat ively la.rge ~exi b~lity oCthe structure.

(a) Values besed on lhe appearance oC response weve
(OrtDl. i ;'..!.. .=\, ,,,10:: :-°, "":J.. , ;' '' ;(. ;' ' J ~h" ~ \ 1"C 1":" ~"rl.~

:- _~~ .' _ ' , . • __ • ;' " i!l' ~ fp;i~. " l'"
. ". . : . I _ ....... '.

Tablo 2:•.!!a~~~~mL

4

Three-dimensional linear and non-linear numerica1
models oC the complete structure were developed
to !Iimulate the recorded responses and to perform
paramet ric studies. Static a.nd dynamic analyses
were performed. T he dynamic analyses consider uni·
directional u well as bi·directionat input molions
with and witbou t torsio naJ inpu t excitations. Sev·

BUCLDING RECORDEO RESPONSE

where: tbe mode shapes are normalized 10 tbat
~:~; = 1, [see also Kelly (1990)) .

Finally, lhe coupled nalural Crequencies oC lhe .ys·
tem can be Cound from Equation 7 making use again
oC tbe usumption oC .mall eccentricities:

3

( le) ,- ( --1e)-',.
ID, '" ID 1 - -- ; ID> =tu; ID> '" ID. 1 -+; -- ' . (9). 2r • . . . ' ~.. 2r I

The cleseaeee oC tbe predominanl periods and lhe
tbree dimensional characteristics oC the modes ahape,
will produce responses that CAn increese .ubstan­
tiaJly the severity oC the linear response oCthe cou­
pled syetem [eee Bcrcechek (1991) . Aloo tbe lime
hiatory responses oC this systems are Itroogly modu­
1aled (bealing behavior). .

Th e recc rded response oC the San Jase building have
been studied extensively, Cor example, Boroschek and
Mahin (1989; 1990; 1990; 1991). Besíc dynamie
properties and response envelopes were obtained di·
rectly Crom the records . The dynamic properties oC
the building are presented in Table l . The ma.x imum
response envelopes ohtained duriog the three eartb­
quakes Iludies are presented in Table 2. Figures 2
tbrough 4 show lOme time histories obtained. in the
building.

It CAD be concluded, Crom lh e analy . is oC lhe re-
•ponse records , lbat tbe building presenta a rather
flexible l' cuelural Iy.lem wilh relalively low damp­
ing. The predominant perlad wu Co~nd lo be near
2.2 .ecand. and modal damping i. believed lo be
below 3% of critica!. Because of the similar frame
•tructura! characterist ics in both directions &nd the
even di.tribution of .titrness in plan, the predo·mi·
na.nt perlods oC t he sy.tem are-quite close. The c1os~

ness oC the penods together with small eccentrici·
ties pr~t in the strueture produced the strongly
coupled lateral· torsional beh avior observed in the
recordl . Because oCt he spat ial char acterist ics oCthe
frame. tbe coupli ng affects both directio ns a.nd the
rotat ion ror most of the modes studied. The eco
cenl ricily lhal produce lhe lorsionally eoupled re­
l ponse can be associated with the irregular distri·
bution of the mu s and Craming irr egularities cause<!
by a greater number oCstruct ural and nonstrudura1
elements on the west a.nd south sides oC the building .

1 . , ~ r e- », '~~' • .; ':, ~r~ .~:¡.. ~/}~-\\ } . ¡.";, i¡..:~;;·'· 'f.:..... .~ ~'f•.~;.
.' r ,~ , ' . ' • h". -",' 'oC·, · ~~.,. (f'. ., .;{. ' ''1. ""'. ,. :d. "';;_.' '.' . t.

(~ ';> ~ ~ ", 1 1" ~ - ... ,.."" ..' ...'· P ,,~I' 't ' ' , ..,. ..,~ 'Y/
" - 'C"'" .. t . [ ,.. " ., l ' •~~" ~; • • ,.. or-o' . ." ~ -.... :-~ . i! ' ~.

. O,'", 1-=!; : 0" .= l. and O,'", 1 + ! -~ ,.:, (7) " , Table'l.,NaturOl·periodrand dampins·~ _.::;-~~;rf.
.¡\f.O ' r , · 1 ~ ¡ \.', . 1:, . !A l l ' . ' - r o. ' 0 .J .., "" ' l ~ "" "";. . ' - ' 1' . - ·,1 1 r·,·d i',;t ~ J ': 1 -: .., · . \; ~ {':-\'. lf ~ :~ l' ....-. - 1' : ~. oo-!.. .... .. ' .

an . . , . ~ , Predominanl , Mode , . Period , Dampin&" l
A ~ [_;T", :J.f¿~, . ' -tr.,' ] .' - , Oireclioo ' .~~ ~ , . ~ . (sec) ' ., .(%) •
~ :j; ;7; = 1~1 ~, ~,) (8) EW· " t: ":, 'Finl ' :, 2.1~2.20 ,-c 2·3

~ \f l · J ·' .
............ " NS '.'.. 'c. Seccnd, ' 2,0~2.10 . 1 2·4"'. , . . "'. ,
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EW ' ,:::- ¡: Fourlh ; 0.65·0.75
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Nonlinear models

oC tbe MI. Lewis earthquake. In pan (al oC the
figure the respon se oC the analylicaJ model with 1%
viscous da.mping is compared witb the recorded mo­
ríen . Parlo (b) and (e) cf the figure shcw the first
and second mode contribution lo the displacement
iD the EW direction. Here it c.a.n be seen that the
firsl and second modes individually have lighlly al­
tenueted responses &fterahout 30 seccnds oC mot ioo.
However, tbe two modes go in-and out of phaee , re­
.ulting in constructive a.nd destructive interference
tha.t produces a large dip in the combined response
a.t seccnd 30 a.nd an Increase in response up to second
60.

An a.naJysia wa.,s &Iso performed considering 5% vis­
cous damping. Here (Fig. 6d) , the response cf t be
individual modes aUenuate so quicJcly that virt ually
DO beating under free vibration un occur and Hule
l ignificant mot ion occurs añer 3S seconds .

4.2

Lint4r moJels

eral parameten were monitored during the analy­
leS: ma.ximum displecemente, interstory drifts, base
Ihear, maximum ductility demande, ma.ximum cu­
mulative ductility and element Corees. The final
model bad 2418 elemenls.

The mcdel wu developed usiog inCormation from
building plus and lite iaepections. A good ma.tch
wu obtained when tbe models included the center­
tc-center member dimensiona [l.e., no rigid panel.
were included lo model the 8exibility oC the beam­
column joints), mas~ magnitude and distributioD al

estimated Irom structura! plens, nominal element
propertlee, and a modal damping ralio lyp ica1ly asso­
ciated witb stee l structures respondíng in the linear
range (1.3% oC crilica1). By further adjusling tbe
actual mus distribution and incorporating the deck
contribution lo the beam st lffness, computed global
result.s were virtually identical lo recorded vaJues.

Frern anaJyses 01 diflerent lcading conditions it wu The building studied did act suffer significant inelae-
concluded lhat in arder lo reproduce tbe building'. tic behavicr I so the nonlinear cherecterlerics oC the
response, both horizontal components of tbe ground models were not lit lo any cf the obeerved responses.
record. ahould be included. Bi-directional etrecta ec- Nevertheless the nonlinear model wa.s used to study
counted. for nea.rly 22% of the response in orthogonal tbe effect of nonline&rities, additional eccentricities,
direction•. Toniona! input motion bad a emall effect damping and ground mot ioo chara.cteristics io the
00 the overall response oC the structure. global response of tbe Iystem. The element. devel·

The dampiog ralio did have an , imporl";;l' efreel oped by Riahi el al (1978) were uted io lhe anal·
OD the response of the model •. Because oC tbe rap id yaí.. These element. are tbree dimensional bea.m·
8uctuations oC spectral accelerations with per ioda columna witb a. multidimensiona.1 interaction yield
present in lightly da.mped sYltems, the response oC .urfa.ce (P, M" M ro M,) .
tbe low damping models used in the Itudy were very InitiaJly a nearly triangulu static lateral loading
teD.itive to modeling uncertainties lhat inftuence the wa.s applied to the atructure. The load deCormation
penod estimates. curve' Ibowed that , due to the pattern oC yielding,

Also tbe models ",howed a strong aensitivity lo the tonionaJ rotation. can grow more rapidly tha.n the
p<lIilioo oC Ooar cenlet oC mass. ioereuios lbe ecuo. di.placcmenu al lhe cenler oC mas' in lhe direelion
lricily by 5% oC lhe building'. larsesl plan dimension oC loading, FiS'. 7 and 8. Neverlbeless. aCler severe
redueed displacemenu and .h""" io bolh direelioo. yieldiog oC lhe .y.lem has oeeurred lhe displacemenl
by a maximum 01 36% and iDcreaaed ftoor rot&.tiona groWI much Cuter than tonioDa! rotations (energy
by nearly ¡44'lli and bue torque by·I60'lli. The ralio diuipaliog mechani.m i. maioly lran.lalional). lo
o!m&Xim11Ín bale lórque iomaXimum bue .be&: "U • olber word., apparenl CouplioS belween lranslalioo.
increaaed by ISO" "hen lhi. addillonal ec<enlricilY ·· and '';;l&lio~ io a mulli·.lory .lruelure i. higbly d;"
"al included. eh ,.! ..;o~ ;¡IA ,;. iI.l¡; ;>!J".,.-f },,",," i • pendable on .lhe slory oC loading. inelulie ,di. l ribu-
~..•Tbe modal ,cou'~"p<I',· "'O'-;~,~~. ,.. q~llI".ff~.I-li.~'Io·:> I ¡,t;~ : " .
Oh D ....- ite....... 1\... (It..IO'"~ lion and )evel oC iDelastic behayior~. , ' . ' ~"JI ~ , i ~' ,:: ;
mOdel puamelerll. , Small chan';.. ohlifroea io ooe ... For lhe dyoamie .ludies five earlhquake records
direclioo ' reduce .lhe couplioS. io Ooine modal com. .,.ere considered: lhe recorded base building record.
ponenu; ' by'oearly '75%. •Tbi.lIeÍnonslraleolbe diC. auring lhe Morian HiU (1984). Ml. Lewi. (1986)
ficully io reproducin« lhe co~pled behavio':oC lhe .and Loma Priela (1989) eveoU (becauSe oC lheir pe-
atructure~ " ' .. . .."w··l . l . . ........ -. " • • ";, t ' ". ! . riod. characteristics these are con.idered as a 10ft . ite

• -t ' - -1 ,..... -:. . .~; ··. ~ · I '_ l' . l-'" -,/
• Tbe hoear model. confirmed lha! 'lh• .everily oC record.). ,u well &1 lheMexieo SCT (1985) and El

lhe ""'POOIe' 10U CAuse<! io pul by 'lhe modal in. ,Cenl ro (1940) evenls . 80lh horizontal componenls
t.eractioD oC the three dimensiona! .truduru modea . oC tbese ea.rthquakes were used in _a.ll the ana!yses.
Figure 6, Cor example••ho1O' lbe responle oC a model .Tbe record. were .ca1ed lo difrerenl. vaJues oC efree.
with relatively 19w damping to tbe fint 40 IeCODda tive peak a.cceleration to obta.in "the response oC tbe
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'The results oC this investigation agree with findlnga
&om the anaIyses of simple etructu res developed in
other investigations. lo general, t he existence of toro
sicnel behav ior in nearl y regular space feam es has the
effect of increasing the stress or ducl ility demands
in elements located fu away Ircm the center of ro­
tation and changes the maximum translational die­
placements. These effecLs are more severe ror elastic
atructures than inelastic struetures and are highly
dependent on the cha.racterist ics or the input grouad
molion. '.~
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Figure 8: Normalized twelfth floor torsional rotat ions
(91t:>."w) at Center of Mas•. Static-to-col1apse aoal .
y.i. for the EW direction,

.tructure at ditrerent levels or inelastic beha.vior.
Ana1yses using different ground mot ians indicate

that the properties of the input motion bave a atrong
eff'ect on the response of the models. These differ.
ences are more pronounced ror elastic than ror in­
ela.stic responses.

It wu found that the ratio or in-plane torsional
rotatioos . ato lateral displacementl (Ma.ppareot cou.
pling" ) could ¡oelease or decrea.se depending on the
level or inelastic behavior and the characterislics oC
the inp ut gra und motion. Neverth eless, sorne seat·
ter was found r10m the results . T his indi cates that
more anal yses are needed to iden ti ry a. trend on th e
response and iLs relation to th e obser va.tions regard.
iDgdecoupling of tors ional and lateral motions made
on the basis or the statie load to collapse st udies
and the eff'ect or input mot ion pre<fominant direc­
lion observed rrom the recorded torsional response
oí the building and simple lineAr models st udied by
Boroschek (1991).

Resu lts from the analyses that considered added
mass eceentricilies indicate that, cont rary to what
was found ror models subjected to unidirectional in.
pub , disp la.cements at center or mus (or at a fixed
point on th e stor y plan) could decre.ue or inerease
depend ing on the building's eha racterist ics and the
proper t ies or the inpu t ground motion. An increase
in eccent ricity , rrom O to 10% or the maximum

. Figure 7: B....hear·twelnh 800r dieplacement. EW
ead NS directioDl. ' », • ; ' v
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