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O ABSTRACT 0O

Response spectrum analysis and equivalent static analysis is widely used by
engineers and engineering offices to estimate buildings and structures response
to earthquakes. But performance based procedures to evaluate buildings and new
designs according to Syrian code and other international codes require response
analysis using smallest of earthquake records, where we can estimate
engineeringdemandparameters(EDPs)—
floordisplacements,storydrifts,memberforces,memberdeformations,etc.—
ofbuildingsandspecialstructuressubjectedtogroundmotions,  consecutively to
verify required performance criteria.

Theserecordsshouldbeproperlyselectedandscaledincompliancewithsite-
specifichazardconditionstoestimate (EDPs) and ensure that they verify
“expected” median demands.

In this study, background, selection procedures compatible with Syrian
code, and review of most scaling methods were introduced. The structural
response was studied by comparing displacements due to response spectrum
analysis, scaled records using PGA, and synthetic time histories records in time
domain and frequency domain (generated according to Syrian response
spectrum). Tow three-dimensional models of real buildings in Lattakia city were
used as study cases, the results obtained by 20 analysis processes. The results
show that analysis using synthetic records compatible with Syrian code give
noticeably less displacements estimates comparing with response spectrum
analysis and analysis using records scaled by PGA scaling.

Keywords: Response spectrum, Time history, Spectrum matching, Record
scaling, Record selecting, Time domain, Frequency domain, Displacements.
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b Jilatll Y @iy ¢ asd Saaliall Jdatll dal (e age skl (ailiad o dlidladl)
GBS oy i ())SS S Al o3 G - I i3l Jand) okl e 0% o (S
o ST Al it )< e 3 @ty WS L)) (e 23m Jlae dal (e Ay sall il
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Time Domain (a3 Jlasa A Addal) ddlaal) aladialy L)) colaad) adgi —3-7

Giatl sl Jlae S5 IS0 oY1 Jandl o diebal) diaall (e Gigplall 38 b o
ey Bama e Yl dlla wavelets cilag ge A8lia) Bayha e e gl Alaia) Cala ae 438l
O5Ss Can Aaa3Y die (s Clase) Clagsall oda Ciliai L (Jaa) arall gylill Jas ) 33525
A (aibadll e daplall oda Jadlas . Sa3l daad) (B sall e Jlaall @l 3 dege <Y Uas s
[27] ( non-stationary <ul e L;T) il iy Ledie a1 A< all @2 Al geiad) e sk
(Anlew ae) Gilgia (pe Ll Canha adle Jgaall 23 Jaw JS cllaSomerville, P. G. (1998).
ISy (ilad oyeki 2346] Kaul MLK. (1978) J (e 83e Jsl ela}) 138 #1581 20 L Cangd) Cadall as
s of (e a2l e L[7] Lilhanand and Tseng (1987) U (s sadaie 25 ay ilial (palfia
aslad) Y Glel 8 gk 43l 2050 Jlase g Agedall AaUadl) el (g laias ST 2 1Y)
sle adixi 4y Abrahamson (1992) Db eaapall Aol daall il e Gslld) e
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8 Lo Aa8y yoied Ayl bl o alad) ae (Apall Cilayo 3aae Aalail) Baneiall f5iaY)
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L) Alain alial) adl) s sy KN AgLaY) Alai) e dals dealis L il alaYl
3xy .[28] kSl ALl ol sall Jild s il Aylanial] Gl iaial Al culilaa) Jlexiul;
aexill Ayl iiad KD Al il PeakResponse  adaall 4laiul) oda (S1) asead elld
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Al daatiaad) 425l Ailaay) Gkl e CQC
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e clgr daall slgily (amsly Apylall byl Led 5 Allis [30] Ed Wilson (2015) i a5 .3 laliiall
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(1.4) ¢= (SRSS)  ilayyall paanal (o2 sil) jdad) cidal Ldacugl) Aadl) JEY Cuay clSal] jlas
902 T (b A ledd lldy ¢ rasanail) omled) JBIU ((5%) dalidiy ) shaall Cidal) (1 B
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O gl 35S e AElsia Fpnia dyie) DU Qs Alasialy SN 8k cast gl saneie A8 Ay AISH YT Ale Al

dugdall e all Ltajl edlawd) adgiy JLadi-3-11

e paad) s LBHI bl wigs S allall ciladaially clielly Sladl) Shae Cinen
SA saaie alily delsd (ol saane JIVH e agn () (S Cua ddaca ¥ Gl Al cilily ao )
sacld 5 [34] PEERAS; Y clilyd) sacly ([33] (ESD) Aunys¥) bl sacld oda lild) aclsé (he
L) Gl sac 8 slaie) aad) o3a & &3 L[36] NGA 5,05 [35] SIMBAD adlady) cilily)
(88 Sy s il S pe )€ ) 580) LWIBL Mo 1400 Msa e g Al (ESD)
Gl ae (38153 Lo ddliie JHVH 29a5 4]y o 4800 lial el COlaall Ll il
cJad) o8y Alaisal) dlanall dyeh o)) 5yl CBlal) e Glaslas (1) dsasd) o - gysad) 258
(o eabae ) V) gl gl (B

Jlasins ¢(gypmad) Blaia¥) Cinda e (3815 Loy dminall Lnall ) i Alee Cupjal
e by Loy dpie) CBlans A5 lid) 4ol & 5L FD Gajll JlaesTD 20l Jlaw Sk
ModalAnalysis  Jaaill Jalaill ¢ hals duss paal) 48U aslu) sl dant 55 ¢y small 25K il i
oaill (pidlide iyl aladdinly COlaal) Gap® & &5 (gl sall Jlas o Jseasdl Cargs el
.TD JFD

o2 (A ¢JalSiall Jall &5 L]y il Gl haY ddlida Jola 208 5,58 Sl a3
35l Jlae 3 Lpeiall <) A1 GICSI ETABS 2015 zeebipll (o caaal) jlaialyV st 4yl
3l dlaas

) 5L cBland) Ao gana(3) dssa

| Waveform ID | Earthquake [D | Stanon ID | Earthquake Name ___Dae | Mw]| Fault Mechanism | Epicentral Distance (k] | PGA [m's"2]
446 89 ECO05 Impenal Valley 1979 October 15 | 6.5 stke-slyp 27.68 | 5.0909
307 39 Al 010_BOIL Duzce 1999 November 12 | 7.1 stoske-shp 361 | 81021
461 99 ST 24279 Northoydge 1994 Jamuary 17 | 6.7 reverse 2025 57838

hntp:‘ovww 1sesd ov.xc ac WESD
European Styosig-Monon Dara
aw'sd unts

Bjlidial) i) g dlail dadd) Sualisal) Judasl) 4-11

BB A geall gl sl iy eplinall (bl adsaid Jall Suelipall Blail sl
3580 385 Cv = 0.3, Ca = 0.3 adll Jilaal) laia) caga =1 s didatl) cllee Slas) dal (e dgltall
—4 Duzce JIHH Sl Jadl =3 «Northridge Iy Saill dadl =2 ¢(gosudl 25)UBCI7
pladinly 7 ALICSIETABS2015  alasiuly Julaill daiias & L ImperialValley  JBiH el Ja)
plaaiuy Al 28I AKatnd) A5phall 33 4(gx) Sobul didas ehal -1 1 b WS Gaysaill s
ehal =2 gl 38l FUBCYT7  aSll Lde paty Al g2 Bl adll (g8l 3 plaall dilee 8 Lgails
Ol aladinly Saalny Jila e hal=3 ¢(SPX) Lanad aliS Llaiu) cab aladiuly Saali Jolas
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Gl Jlae 8 (gysndl 35S0 asenaill Cadal) Galdail D) Byulae o G dnacanjat S dia)l
N [ PO

coadan pualin€ aill ghang Aphd jealia€ (halls 2ae Y1) dplaY) jualiall dades
[37] (Fema356 & isieill gy elyodag) calia jualiall G Juai) e

el ahinly (Caiddl S Qs Alee 38 ) sl S didai Al 19 ¢l &
) Gl b K JEY) Alae Gph e ASslial) sty duly &y (CSIETABS2015
i S e J¥) Galall saeei aaf 3 clalgay) ) dili)

Total Displacement <! Juiy) -5-11

Jds¥ sl -1-5-11

& S JEN) Alie 5 ¢ Jilail w2l e Jeaally Jo¥) e lll dilaill cillee £l 2xy
oY) Gl HIKH VBN ad o) &5 (6)JSAl b sl ) saiall die a1 Gilal)
JC 8 Ty gl el ISV Y] Jia 25 o4 )dsandl & papaill gilss JS JY) el

(8)

Y s B g atl) eila g8 Jalal) e Apalil) 4 Akl YD) :(4) Jgaa

D Y%(sp) | D X%(sp) | Displacement Y | Displacement X Load Case Label | Story
cm cm

100.00 100.00 21.74 22.57 response sp Max 4 ROOF
6.62 119.45 1.44 26.96 Northridge Max 4 ROOF
-6.15 -128.00 -1.34 -28.89 Northridge Min 4 ROOF
0.73 22.04 0.16 4.97 Northridge fd Max 4 ROOF
-0.48 -22.82 -0.11 -5.15 Northridge fd Min 4 ROOF
3.27 70.86 0.71 15.99 Northridge td Max 4 ROOF
-2.80 -63.45 -0.61 -14.32 Northridge td Min 4 ROOF
3.03 66.71 0.66 15.05 Duzce Max 4 ROOF
-3.20 -71.75 -0.70 -16.19 Duzce Min 4 ROOF
0.39 13.26 0.09 2.99 Duzcefd Max 4 ROOF
-0.44 -16.06 -0.10 -3.62 Duzcefd Min 4 ROOF
0.69 15.90 0.15 3.59 Duzce td Max 4 ROOF
-0.61 -14.14 -0.13 -3.19 Duzce td Min 4 ROOF
2.16 41.34 0.47 9.33 Imperial Valley Max 4 ROOF
-2.06 -41.74 -0.45 -9.42 Imperial Valley Min 4 ROOF
0.60 16.06 0.13 3.62 Imperial Valley fd Max 4 ROOF
-0.55 -10.32 -0.12 -2.33 Imperial Valley fd Min 4 ROOF
1.21 21.58 0.26 4.87 Imperial Valley td Max 4 ROOF
-1.18 -20.68 -0.26 -4.67 Imperial Valley td Min 4 ROOF
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TS EORORORD VO -\Sé-\S 5\5%5 S
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LTI > O 3 3
oS '\‘.7"\‘@4 z’&&é\‘b o %0&\06306&0{“ SR
6&@&‘{2@* QQSQ@& \W & X
L

oAl ela JSI el ge Al J oY) e L) ¢ 4 Ak cylas) ;(8) Jsdl

S sl -2-5-11
b S DY) Aijlae 0 Jilaill il e Jpaally 6 e Lall Qi) cillee ¢l 2
CNEN) af zhal &(7 )8l L daagdly ( psasall qbl@)20 Q) saiad) die 5aY) Gl
S eV EY) Jiw @y o5 ) sl & apaill il O SE e Ll e Al ikl 8 30
(9) Jsal b Laly apatll els
coapadl) eVl IS il e dasll S8 Ll e 20 Akl ) $(5) Jsas

D D Unique
Y(sp) X%(sp) Displacement Y Displacement X Load Case _— Label Story
cm cm
100.00 100.00 19.69 15.034 response sp Max 402 20 STORY10
7.56 99.57 1.489 14.969 Duzce Max 402 20 STORY10
-6.77 -73.29 -1.333 -11.019 for) Duzce Min 402 20 STORY10
2.89 17.15 0.57 2.579 Duzce td Max 402 20 STORY10
-2.87 -21.81 -0.566 -3.279 Duzce td Min 402 20 STORY10
2.04 11.65 0.401 1.752 Duzcefd Max 402 20 STORY10
-2.13 -16.30 -0.419 -2.451 Duzcefd Min 402 20 STORY10
5.14 68.38 1.013 10.281 Imperial Valley Max 402 20 STORY10
-4.48 -49.45 -0.882 -7.435 Imperial Valley Min 402 20 STORY10
3.01 25.86 0.593 3.888 Imperial Valley td Max 402 20 STORY10
-3.24 -18.78 -0.637 -2.823 Imperial Valley td Min 402 20 STORY10
1.77 16.82 0.349 2.529 Imperial Valley fd Max 402 20 STORY10
-1.87 -9.33 -0.369 -1.403 Imperial Valley fd Min 402 20 STORY10
14.72 107.20 2.898 16.116 Northridge Max 402 20 STORY10
-16.19 -110.96 -3.187 -16.681 Northridge Min 402 20 STORY10
2.64 15.23 0.519 2.289 Northridge td Max 402 20 STORY10
-2.96 -17.39 -0.582 -2.614 Northridge td Min 402 20 STORY10
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1.91 16.78 0.377 2.523 Northridge fd Max 402 20 STORY10

-1.90 -19.36 -0.374 -2.911 Northridge fd Min 402 20 STORY10

Displacement X

oAl el J Jatl ce Al LU £ Uyl b 20 Akl eyl :(9) Jsd
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