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ARTI CLE | NFO ABSTRACT
gg'ccé?vzldsgﬁpr" 2020 Long—spgn bridges, as vital structures, plg)n amportant role in
Accepted 29 July 2020 economic development. Previous studies revealed _that
seismic responses of such structures, under -undorm
Keywords: exc!tat@ons, are different from the same result due to unit
Long-span bridges excitations.  Furthermoye the results of several earthqual
SVGM, damaged bridges showed that their seismic behavior
Pseudestaticresponse different from that predicted under uniform excitation ,and
SSI some cases; the responses were more than predicted res

Therefore, the damaged bridges under -moiform excitations
were reanalyzed and the obtained results were in g
agreement with the recorded outcomes. Considering cu
bridge designing codes it is clear that almost all of them ign
it and just the Euro Code 2008 prepared s
recommendatins. It is found that the main reasdior the
differences in results fromthe uniform and nofuniform
excitations is the spatial variation of earthquake gro
motions. Based on the papers three phenomena were intro
for spatial variability of ground otion: the wavepassage, the
incoherence, and also the sitsponse effects. The responses
structures under nemniform excitations obtained from tk
superposition of dynamic and psetgtatic components. Thi
paper investigated the seismic behavior adflongspan structure
under noruniform movements to evaluate the most undesiri
conditions. So, different soils and load combinations consid
and soilstructure effects included. The effect of wagassage
incoherence, and sitesponse on the stiure was measure
and the results were compared with the uniform excitation.
results indicate that the variation in soil condition significar
affects the seismic responses under -wmoiform excitations.
Also, it is found that the results from unifio excitations with
considering soiktructure interactions are remarkably increas
Moreover, the outcomes of analysis undensidered loac
cases and soil conditions showed that ignoring the spa
varying ground motions may lead to a ramnservatie design.
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1. Introduction variati on of t he ground

t heoretical pteartgatl e wnes |
Earthguakmod e memtasigesf umcti on (PSDF) . T-0o prov
time and space. One osft atthenwagudly, mdthreo dsesafl t

seismic analyzing sttumeur edowiesvet o ddinsi dieec
time variations and icpmorieegpathieadlastprveacntaraatli gm
Therefore, the sei smiga oamal ymsatsi oonf. sTthriusct me €k
is mainly based on thecaarsdiutmpdnn exdh nd iqrawel. attk eoen
structurae yhlsat east iatlhe smepplhods f or simul at

vided the phenomenAht eirnttohathestehet eféect 0
our[glesevepradvi ous st Uddodicead hsaviebeeh f ecootnshder e
hown t hat t he eff ecStVGHMf meBV&IMilhO tidihea cteopi ¢
tructures |l eanhedt abd npagisfoaomem exci tations ha
ases was t[8.o Tdoe vsaismwitategar bber s and valuabl e
V GMs t he assumptionpuobfl i Sbadi omeagiedvye hiesy gat e
ecessary and the simuedwtifonmulsatcioomn udtoed SOHWGI
coherencyhafiadhelt s ofhfeect of spatially varyi

wi t h constant ampl igtriodend emet iyovin e rfeo.r a gi
However practspanfetr famgrteason i s the probabil
such as bridges, thisreaaslsurmpcaadroth dats da nagewirfait
because the structuréesegpkledncos J4bi6)f 6 dmle ntsi
movement s at each smaiprotr as tnadtoipehmagrey ames, t he
eart hd§lualkhee tsméari ati oins eplit into specific t

ground moti on (SVGMY ori sancommsesreimpl| e array

divided into three compdinetnosal (iginulwdven,

passage effect, (i 1) veedmetcrei ci nicnrceoahseerse nwiet o f
t he i nputanmot(ioinis) Fooml tse tei mul ation poir
conditions. The firstr eccoenmptongmab li percdtureahle o perive
di fferences badds wekns e(rPRIik)t osfpetehe si mul ated r
waves. The second ond hrei PSD fofomheeftlag gteit om e
and refraction of steh atmi @ r [@aevi8iisindc8sh e s ev er al
traveling through thegegreaunctier shbaveeguedicgd
content of the wave cohmngkbe ©BBdtrwedmnursesppboyr tco
points. And the thirdaweamepadsstlygelt acifefde ctbonsi de
changes i n t hki tli oaoaslgr disn @ mohi ons travel v
regalrodsspgan structuresvelecdhi tayy omi dtes ground s
have mul tiple supporc¢hBanagred i di[ftfhiceriesnt mesaaris| t
conditions cause a diSVIGMr enatkesedmen seitsmi the
structure. Based on tlhaeg rtesuft eaclbs$arvedvafyr osm
asynchronous motion du93Ihah@8P0t hagqu edlkeetrwer kK heof

spati al vaarrduand omo toifees smesgraphy arrays was (
complex interaction opfr ealils et hsrteued yc oconfip otnheentS$\V G
so for analytical si mplei crietsyponrseesse acfcheasi hhay
di

s

s
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| ospan st rMull)jt.Rreenst | yabut ment somas iederoad, t he

Apaydi n20)t6 satludi(ed t hvearsytirngctgurrcadund excitatio
behavior of t he Fatcihhan®de |l t he rMdhmdtve poun
suspensi on bri esguep p ouutrdiefror mmulsei s mi ¢ | oadi ng.
earthquake [l§xcBV&MiIi owamasse consi dered in the nu
simulated in triple dinrfelcuteinocne foofr sepaacthi -asl u pvpaorr
of t he braindogdel f i ®idngspoaumas migcerse bpaeomes | ess

f itRRiaul t technique. | Baa setPu0d)ad dyr(Aewpndd medte n
al 20 X6 Bosphorus s u sbpeehnasviioonr torfi diglee Bosphor
studied for the spatmaltivalre adup[pBytToadelyeiutsatd
ground mot ihreemmsp aurss engspiemu Iraitmed ground moti ons
and a randebnas esd brsgpteicareaPSDF. The resul ts ir
anal ysi[dPmeBahsoedd omtt hespesshtseased-ununhdem r
was concluded t hat telxe i maid it o pd$2e0 1Baspnuade te da lt.
sei smic responses depelnidnetanr thredhavhnhoensityet:H
and frequency <contenas refnfpoweaed spercdtrat e b
density functions forunedoh mr aefkdeoi nt Takt & yornastoinacn u
anal ysi s-=Shdiak manlaa i ahdt Zeopwaidering spati al
201301an@0)18 have st umotidontsheei nhhee@arobabil ity
i mpoarnc e of t he SVGMomef feasesandYur dakal an
presented new f[dgnful atnivoenst metaht cedls t hies oil sad leat €
Sextos and Papadidopestihgiade@ae wvunndiefrormondXfi t at i ¢
the effect o f asynchifbeowsavegr gursd amet i onnsc o h e
on the transver-iseolraetsepdbeasef fodcthbsasceonsi der ed.

bri dhglkes They useo®dhdt heoluant t haf S¥6GMst he respon
met hodener at e correl stteduct umes .s2edpi%ewaludi ed @

based o&s ptehcet r iIGn. Var seusmi oadbelgavi or o f t h
scenari os defined ansustpheen sgene rbartieddg et iumed e r
series i mposed on t heger olurnidd gi2d.t | Totmes reswl t s r
show that t he sei smthatrespensei £mi ct hwave v
structure increases kyndohsodecipoagmg&YGRMadr i n
Zhong 201 &s$tudi eldi nteftaga neo:n i ncrease t hem.

behavior -sfayadcabbrliedaer vandddlndo n(vesti gated th
spatially wvarying earotfhqu-akalylge obnd dmet uomer
186 They used the conduwni oboaram mei HjidEc tTehxecyi t a
ner at e correl ated igmwpoluenntenmedi adrme andondi't
esented seismic hagener amma@s ctoor ebateaedandr o
e effecvwaryi mpagriadrmdgdmbedondhe st2Uuck The us
rameters20YBaomptar etestuiea s concentrated on
seismic response of tChadb | ler, af mbdy etelsavi t dvs paresce sd f
segment al and t radisthioovnadi f freorenlti tdutcc o mes
columns under spati alnlomnnvBoymn @ x e a tPeatyrgaamlked c e
excit[ayiorhee results raemvde aMo (2 be@zfa ewdhie efdf etch e od
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arthquakeompboemtndb-ssad21.Pr esen b &g d toivast i §tni on
tructure interlaehawinGr ooumodt h @ nssei s mi ¢
f reinforced concrete structures. The result

e
S

0

showed t hat t he rot r|onalwecc§‘% 6’6“30'[%” art
effects ar g2 Bchlnssa, dem3 %E nary aussian acce
papers publlsrhetdhetheaft]f { f%]f'o cak | sMPowygr cro:
SV GMs on t he sei smic P%eh a?7|(8 ens]1<&t21ﬁ§n, K
structures, but few ppad edNsd | ROWE Lt eS PenCaltl ani d
of the SVGMs componen®s i s]k%'tor“e”'lsmpb??at‘ﬂtumber
compareds tbonotherpresSehalsdlyedyme gspler ement s ob:
customary si mul at ibgyn Pnfelti®odi#W 6 opmeyngtgi @cneBgd t hat
Konakli and nD2() @€ireriefhind. Problem simplifioc
explained and a Mat| @& SUMEA | Fahs®BVieeye | Bphled i t
to simulate th&@hcoTo®R9Mm&lelgZeatthysprob2ziem whe
explore the effect of(AvGAFIFIFLt hNorsmalyley yrtehse
a prototype CALTRANS ®¥RgesS whsi el @ c@Pgof the
andhfeinite el ement mod el generated by
OpenSEES. The si mwinat®¥ &r Pays’ wFan)o%ed

the bridge supports ain¥othe “Pes@IPRETE of) unifor

and mul tiople support excitations wer e
compared. I n which N is the number
given at equad] tigme inte
2. Spatially Variations in Ground and 6 are the Fourier ¢
Motion The Fourier coefficients
_ _ random vari abmmean wanmnd
Considering SVGM Sutnucdoi r€rSer | a t éfﬂrreﬁq&re nccii fefse r et
mechanaeme the spati gly yaLb%tboaogf -
ground [3notTihoen di ffere ' rr
ti mes of t he sei s mi §f0mél%p'es&t H qv‘{ga?[ﬁl*ﬁayv

|l ocati ons, commonly &n6WNOS &S the wave
passage ef f et hseh atphee odfoarged i n QQ a
propagating Waveformygd)qey]htOQdealtlpl(zé
scatterisegsmoic wlaees in the highly

i nhomogeneous soi l medll?n? roeferr,Qed to as
t he i ncoherence effect; Srbd ﬁ% c%ange i n

. a "D
amplitude and frequency conten ground
motion at di fferent I'I'ttnea'erfoms:,onW|t-lP|1$eDs@efaiun@d
surface due to differcamm®sSsDhso,cali tsocancobnedi tdiear
knowne also¢ &l site effeatiances and covarianc e

coefficients. The + el ati
PSDs a#rPdSDau tod gener ated
sites k and [2Bi s represert

"0 ] 1 zsO0O 071 s°® 3
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Il n whi ch vtare ad p atni alf c d heer egnrcoyu nadf t he a8aeeée smic
motion in the frequenocbyt ad adeadinnoamsa |l przesdent edar
by the coherency funcateil@an edbbpo@edPs s paed as

[
[ —_— (6)
22. Approxi mat iSoati stical

Propecu$pieecsineiadacizlzatiops1 is a complex number

ConsidemQ piBh) representttfe @absol ute val utthef th
record at Tbeafbbhowisupsaigd ptthenfrequency has

i s an approximation fof ddreveautedcep.owRd, t he
spectral density of tahf3: record at the |l ocatic

[2F
o o — @)

07 — 0 0

2B 000 © is a real numberm and g
Where the Eoemitesr acdefgfiiven]l by P8It i s customary
¢ B and Coheregdfzy as

6 (B — forpd, é, Al sd, 1 1 QuiR- (8)

0 B — D wotd B ——— wi t h

Al sfoor each pair of —ajccedie+r—ation ti ne

hi st oroi asd 0, the smoothed

crosessiodogram is a sWeadh appedxamaphase spec
of the cross power sipmeacgirma r yd eomast)tt yfso oa € tj bneetd

related processes. TReariobIIl,owrimsgpeecqtuiavteiloyns
represent the real and i magi na ections of
the gemniscdORrFam, 4.5p atVaal aModeItsy

YOO T The mat hdemaficdali he coher
Von S called coherency mod:¢
— 0 O

Lo coherency models have be
o0 wel 00 numerous researchers: em
— 00 060 ©) empi rTihealfirst equation a

i n the field of eart hque
i ntrod[@4.edl hbey expr essi on
ConsidéemQ plBh) represent s a

record akt Tbeafobhowi®hl $eAPRRTI on ayp

i s an a roxi mati on t aut o
PP ) %ekandear congﬁ‘,aﬂtaa n, d.
spectr al density of t (f ﬁ Iocatl(
appr oprla

2 ¥ Kiureghian ah‘.awz\lemremﬁrﬁter
From the smompe hterdunc rmédelhef or the expression
motions bet weejantdhbke tfwon cstti aotni oins whi ch al |l t

23.Coherency
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influence the SV[@M amcet i oondisdertadi ed i n smal
This model represent elde bel awmed tmoastt tsheay i ane
Since the seismic ground

[ § 1 Qo — 7 o f t he superposition o f
[

— | (1) arriving from intermitter
In whickdefines the G®cbheregpebral I imit the
effeetls, descri bpasswmaesumed to be Gaussian.
ef f,e atnd t he | ocal mgitpgdsefffoerthgsermena_atylrGgaus
characterliized by arrays. Vanmarlcgklgell_ah_ddFe
t he metalsodsuncondi ti ona
One of t he mo s t famonditeqguat ronsi mul ati on
extensively used by ruenscecanrdcihteirosn eids nientthroodd, u cseid
by LWacnotj9 B 6 generated from a specifi
3 Density) PSD, wihem ed s f
¢ -h s Qon — @y simulation techniqgue sim

[
Where the dlstaI«amﬁisbetwe%tloned to a rea re

ti td,edt he average shear veIOC|ty i s
b, and Iincoherence paas@m@tomrdatthnadlnaa@mrbn

be estimated fr[ZﬁSZ]data geath ered i . :
The phase angleapatsa;ta:g &’ t\ngv problem 'soost
effect idpdefined as emean stationary Gau.SS|
ti me series at | ocati on
— . 13 conditions and for a p
var.i b||ity model , whil e
In whican®, are theOfsuthg .r ay at one sit
apparent wave veIothtayr ah G Ff50ndTa8 defi
di stance in the Ionéllolﬁltﬁ'r? ’Sdeer QN &% Fypct
propagation of waves 5%80ddMnisy nd t_Thhe ppha'atIaI
angle causerdestpponsiee egﬁrlfoe“bntdl otion s epresel
i ntr oads@ B e d unction. Now to“solve t
to simul ate Foudiissar edceef
S I . — (1% frequencies and separate
) ) | ocati oamsi miol agetaceel er at
wh e fOel , i s t he frequnheinsctyor yesphoesei mul ated Fc
function (FRF). repl aced i)n. EfQean i bor ( a
au-power spectr al density
2._5. Condi tiammdicondi ti;qpalie cobarentlye fuatcs
S mul afGi ouNModt i ons Fourier coefficients at
Seismic accelnemogt amsLmy@amel i shed by sampl i ng
specifications in th@ausiSh@n an@di sftdPidn oy .

domains. To simulate Ptripcedeiremi c¢omet den, Wet al
is neceswasasruyne t d hose @ tSheatt-mefpmgarcc el eration t
stationary. Therefor &t at Reptd @ vsinti ti ngeh usmidgt e
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FRF ] and based on As scuiommeer e hhee si t sa@tvieoamm !l i r
fungtindn an observed nreooddnoanreoaasetsattieons and
sampl edN pat nt s . MAssuoteher records for ot her

5 6 86 6 represents ©RB8¢erlsgitedogfbased on the Kk
Fourier coeffﬂcielnmtsh%rteq‘erfe'qrh ehcgoherence fun

|l ocations serdrepcroensselndtesr tohn d |tohnal ISII mE[JIhatlon
2n®ncovari ance matrix?g tt%e me%ttigned € dpr(
coefficients. Consi d ?a 't%%%tiEﬁeFexfB.Fﬁtge !
distributi-m)enanofGatuhsesizaer?rrO\?eocp’or € ouriter COE
. recqbrds at the_ target st
wis completely deflnfed y "t he. covgrlance

. , rom-a oi nt aussi an di
matri x. T&qaoe‘lanmelnstsm% Xy &d€asti c conditioni
deter mi nedt iuon . ”gThEeq‘J??YnBSflzatlon met bod of

equafODnhQ pmrﬁmanOlveWéh%Ssume a Zero me an
auP8Ds, andoO 1 t ke coeffidai e®ONn®Bs8 06 & at

PRIBEQ dcr ePsSsDs. Let asskfaehbfnsilties 2and the
similar spectral de”%b(/&rl'a[‘ﬁBfné?pdﬁH&ttelrF’exfOrcob*f'fﬂ

ground motion atpowklywsSi §EGiiadd 8 tWbt @partitio
spectr alf oadpeanisri t §f |OC&'[I§RS"IS

defined by: 0°0 & ¢tando,

o) o) 80 6 wher &
071 0] H 1% plkBRE are the 1l ocations
recor ds. l ntroduced a !

The complet-BSBeti oofoRRtugion e ugi womn ofi s jointly
based on the-P8&btiohatjgeddemablt @i th mean:

known realization and the site FRFs b?/ using
the EquUBitidherf by us?P g BRELRNR P H 1

B a complete set ofan@r esvsar PONRI magpext ral
densities Dbased on tgr%ceoaputo power spectr al

desities and the cohegpg B O tE®H:- aGi ven
h
6
f

the matrix of covaria eI s.amplr?.Bv‘chtors
W X I N S-m

are gener dtaewh eabsa s an b a fatt,.e RO
d the c@vaanwrd,ance of Ve (

upper triangol amnamad rNsXsuahﬁe that lattHecaéecond
@ i s a vencutnocrorofel atedyj geandar d i me mndimaii cn eadn «
nor mal .vGahroi | aetiskkeys mp o s irteicom ds at2, l..orsatsiupmpo sk d
met hod i s adapplTioed etne bged tes,i mulk2d rrd)eD. j oi nt Gauss
time histories folJ &abkdi sitorcialxutoinosn Eogfu atthheo nFour i
used after samplingtatrgedillocatiequendisesdef ir

¥ i,
X
(o) c
ng

1 — .0 kB h conditional me an vector
vy ' matri X i n  1Bq u aatfidp n s (
27. Condi tSi mmla&t i on respectiveloy. 01 8 wikich,

the Fourier coefficients

For each,}frg/—q?uepfﬁdﬁjfa
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speci men set of Four i er Tcaobd.feh ¢ cdeecnkt sspfeor fit@atg
points is takeh fas fA&ltOws A 5. @2
Gﬁsd’ Whéfﬁ@ i s an ur?ﬁr@prresmve S 34.MPa

triangul ar Oﬁ{natﬁ’iﬁsx, El asticity Mo E 27, MMPA&
Shegar Modulus G 11, mMpa

:B‘V . 1

nm®p’ ag(md;capvector M%menltne::rft|a } 0 2. 81 .
uncorrelated standardAXn%rmal vari abl es. | t [
worth noting that S amMpolmie Rt olf S| neO® Nnse3ceg B sary
for Op sincemnmédlbkr recorAkks sar e

compllyeterel at ed, and TothiegnalpMpmjder 6.03
coefficients at al | Poe&sdt Posnid9 aPe 3LikBe each
ot her . Given wthte akkttors
frequenci es, acceleratlonTatbﬁ,\%etef} $ 1§ 05|10epserqtleg
target | ocati ons ar &ondbhag ned by Uusrn
Equat)i.on ( Compressi d 4 6 .MP3s
3. Numerical study strength

Stradn at - 0.0¢
I n t his seaxrnte on het @ fclexgpth n o fo 38 . M/P2s

SVGM, a reinforceda ccbpgsrh th§ bridge wjtjh

bogirder decckolaun”mharsbeemq o

selected. Thedeaolopamnd Bt'cft 24, Mp2
columns drreo mt aakeﬁﬂﬂEERTeC'i‘éh'teerS "Q 2. MB?
prototype bridge porutnfodfiime t hat i ncludes
sever al types of comm@RAcrkee ks and col umn

bent solutions deS|g:grgpresfsprd CaI|f207 Ega

sei smic [k pdsigsulroews t

ren t h
pl an, p,ia@mds seicea wons tf e bridge
respec'l'thievebryi.ajgeurh\aesdStprla"ﬁfn at- 0.0
shape with &8ad04dBufhedqusaling 0.MP 2
el astic properties ofSaFglhIen deck ar e s(p_oown I n
Table The specifications o “the concrete
and steel materials Stti§8alh assumed for the
bridge ar e sh@wn TheYielTaalslt e Q 47MP &
characteristics o f Ett B &t i cefOlbumns 2 oaN\Iros
abdtements are ¢p3emrstnted—rn—TFable
respeclthieveblry.dges are modeled by the
OpenSEES pl agf oirlml uskirrgautreesdear t o make a bett el
schematic view 30bf. tThhegei ¥ E d B8ad & dhrairhtes . f-ma ced
el abeéacw | umn el ementsyfiugett o-addkedm el ement u
the deck and ascuaeldegdotderremaihes BHNixdpg.dhecol um
The properties of theoghhektdadhhegetdween ToRE €
1 deck are model &Reecbmgtilry gi

Tondi ni and2®)ldpadb@edi c
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nolni near behavior of Thteheavbradge smalaemr wave
uni form excitation, Futomdi RIEENRO t r ePoOnis® /aiGa® mb & e
SVGM ef3ffecEFert her mor eshown aicsh[#lfa eAles o, the ap
more accurate reyul téwawme t el pces gntcasltcuudl at ec
finite el ement model iinst rdedvieclkap ehdy. d42phvhajthaadoi ua n
and Agr&wdlst@died t hstudyadsymed that thepicenter is far away
characteristi c[8B ofThédfioa thebbridget hea t e an sTo
assumed the deck remaixmddrrei aihde anfd ecge dbfa SV
2D mo d e | of t he bri dees.pohee ensurtehet higri dge,
accuracy of the finideenalrdameasntarmo@cedndatdfee ed
dgamic characteristiméanef a trei f 6r hedagn®e i t at i
compared with the reguwlndisn otf wot hsvgrmnd(jmpn@rdent

papers. passage, and l ncoherency
To model t he -Ialbnuetannenbzeetr%eﬁg%&mcses the rate
LengHtements are used naj”jherhenﬁ thubakcas_eoher
specifications 4@ e dllf?i apldond i ncohe
The mentioned elementcsongésdleér‘fa dt sep&rl._aée t
mod el i n al |l t hree Pidre dio n%n N ﬂ%&t?rsemtl%syén
columns at the Bgirscetdnof)ﬁlsé)\?é]ls.efioxf t heun od ge
sect3i on Matl ab code éc'dte§t8'(§ ch |anncdlue|e St
corelated arrays are .rgeesh%?r}ﬁeedef ects .W'th v
i'ncoheresnc®o,raie i s pos
Tab3Moment and shear. caipma¢eesy igfatceo!l utmhe ef fect
Yield curvature 0.00¢ components on the bridge
Viel d ioindat arrays, t he Nor.thridg.e r
i conditional Ssimul ati on
Plasti co nipinde nt 8.9 implemented to generate
Nomi nal she&d stre 6,2 ground motions. Based on
D joQ 1.7 t her e ar e five simul at
Shear span to dept dist&3r6c%2,.,l$2,8.73ar72|10._3
o 2.7 me tsefrr oimh e known poi nt
O jcQ . . .
simul ati on. To consider 1
It i s assumed that the a
Tab4d R operties of theoﬁbﬁthrﬁenn%rd soil (Site C
Back wal 8. m3 5) , Two columns36athdcoor d
Wi ng wal 3. M6 173m 7are | ocated on the n
0 dé€&Q 101 ,k8\/1m Cl aBs,and 9, ahablceol umns
0 aé&Q 3, 8k6ND coordBAaaB@&®m are situate
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