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Soil A B C D E
Ss = 1471 | 1471 1.471 1.471 1.471
S1 = 0.367 | 0.367 | 0.367 | 0.367 0.367
Fa = 0.8 1 1 1 0.9
Fv = 0.8 1 1.5 1.8 2.8
Tl = 8 8 8 8 8

Ss,51 <lalaall 1 g asasail) Aoty Cidh

1.2

— A acc g

e Baccg

Caccg

===Daccg

Eaccg

-
-—
—— -
e mam -
— e . e o e

SA, SB, SC, duadl) &l ¢ 5l aa ddbgiall 48l cililbaial Wahy (ughihs Linial dasacadl) Lolaiay) il :(5) J<id)

.SD, SE (Syrian Code, 2012)
:Results and Discussion lgidaliag gl

:Resulting Records 5_tidall 4ia 3l eyl il

Ol (s de gana 40 )\:\h\.\ a8 228 sdj.'\;u\ a ‘_,,_..aj L & iy La:\j Lfl}*"‘“ J}Sﬂ\ QLL\):\&\ &= Lalaatl

12 |

t ol LS elliy ol cullaf ) 3aan Lo ddbiae A1) Culaay agan (il

2021 /(1) 2l ((7) e c&iganll a,.\SfJA‘Y‘ ag.yd\ daalal) dlaa



WA Tl a3 D (3 AS gana Q\gyj

Dlgal Jaxs Jlsal 8 e il llg pliaall Jlodl) (e plaia¥) 2 50 (K O] (e Clesana dusad lid) 5 ¥
Alana) Gl Ml J8lS Al gl 50 JSI Geed) cle ganall ot Gy 0S5 Cales WS Al Aaul) 4aY)
e gana 40 5l Sl gend) S0 aaY) saell 5S¢ eshyle Aial Lesedl

CilejilSang gaall g lilay ciell L1 868 g Asaill cBlanll oS of (e saalsl) deganall Jlid) aaic) *
Ao gana S (5535 Camg o oaranail oalae ) BN 5f) Apasacaill AualY) 5500 S5 ) Gl pa aovests B3 jabiaas
Y Ol dasw (e Baalsl) deganall GsSiy L25< lajid) LS JBY) o ddbaae A sl B e Dl
20lal) (65 (Slaspall gsanal apsill H3al) SRSS Elaiall Cids Clus 2 G (X, Y dawe IS0 il 558550)
Cahall e Ja Y g dalad) SRSS Gilikl USI Average dawsiall 058 ol Liads (@) @lShall (e 755 S %5
¥l ad sl g T o) s 15T 5 0.2T g osall Jlae 8 il cingl) casanall

Uy o(aadd) Ll ol aaia) slaa¥l a8 550 (2, 3,4,5,6,7,8,9) dshaall gaca il s 5 *
Ganll auly clgd das A ddasall 85 ¢ BB Jad) 685 cdarsiiusal)l bl sac 8 & LI 5)LEY) o8) il G
il Gan cuase WSLABBI 85 oo dandand) dilaally msilSiall 53 Bsally GBS (581 Clashaa il ) ¢ 3L
JEEY) 0 LS oo IS dalal) GLLY) dlad sy LI cOlaad) Jias 15 ol ) a8 g0 JSU(7 5 6) JIKEY) b
Oay -alaia¥) a8 sl Jlae B Ciagll Cilall e Sl el Candall o Lgale laiase calaial) ad jsall Jlae Lia
1.4 (3pledll) Ganll Jalaas Wginlans 5 manaill dlee b cDlaad) aladiad vie 3580 dayd (3aa3 o SAL sl
Gy ol cdada¥) SISl ehd e oiald) e wae Jiad WS T (e cilly Jumiall Jlaall e 3a (53)
A=3 sl 8 Gl USY LS4 )2 e a9al) 03 sl cpanl) cBlelea e lagaa

rdaladl) Al dual) das Basy g dlaill A Julatl)

Nonlinear Dynamic Analysis of Bilinear SDOF Systems:
238 & daind Clgas Gl AIIY (g5l Aaslie B b Ohas Alen o aaiad (gsedl Jaludl 8 LSl 2a) ol

olieY iy ‘)bﬁj\ e due sl g LA g jiall (,.E.'\S\ O gyguad) 3Kl s R=4.5 deglhe Jalae duyal)

13 | 2021 J(1) 330 ((7) o ipall LS a1 Luall Aaalal dlas



WA Tl a3 D (3 AS gana ogatnji

da)d Buag il deed slaie) 235 ¢(0.1 sec — 0.5 sec — 1 sec— 1.5 sec — 2 sec) & <Dlaul) dicyd dlee
dad o lalae) alas JS) Dres = Sa/W? Gaadal) Llaiad) Gl 23 88 ¢A5)2all Cargag .+ lea) el ae duusliia 43 al
O Agenall duilal) L) dad ag (A il G (7) Jsaall miag WS T=2M/w Cus 6T 4 palall gl
zagal) SC Ausill gl (silgall inall caracail) dalain) Cida (ge 39alally alas US ool uliall Sa kel & lucil) dad
bl gl ANV L) e il ey G €< 0.2 2aill 4 zgpecnal) Jlaall e ellyy L(8) J<al
«alas JSI SR Shear Ratio el adll s Clus &3 WS . (Hudson, 1956) welall §yuaall skl sda 2ic a3l
Jsaal Com S (gyou) 2580 3 28I ASald) Ayl Wy sacal) ol 358 Py g alladll (39 Wt SR= P1/W
Omed e sl Bl e Y Jaws IS ) aSall e s < A dlaiel) Glus 3 il 20 1(7)
ddee 350 elpab 3y (2,3 ,5,7 ,9) dslaall (e SC sl g58 ae Gilsn s 8l Clesanall o Silesana

axtieaall el Ay sumg aliill Llasa) slay) Cangs Jilas

o s ¢(8) dyaall 3 Y s X i€l e T=0.15ec jsall (53 allailly Zualal) D clilaioa) Lia (iape

Syad) Zuiesl) el 1Y) Slal alasiuly sUail) 13g] Jidat Lalee 70 hals ALall dam

14 | 2021 J(1) 330 ((7) o ipall LS a1 Luall Aaalal dlas



B> gl ep

e O (1a ;-GJAM ogafji

daas (e Ao sana JS 05ST dusadl) o5 glgil pe dalsiall QLD 0.25 s€C ysalls dualal) NN Ol 1(2) sos

AN dladl bl Bledly 5@ Jae e @ (ofEl o8SHe) Ay e
Soil A
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
27 23 ST3 Ancona 6/14/1972 4.7 strike slip 8
7329 2343 ST87 Faial 7/9/1998 6.1 strike slip 11
766 292 ST266 | Umbria Marche (aftershock) 10/14/1997 5.6 normal 12
182 87 ST54 Tabas 9/16/1978 7.3 oblique 12
29 23 ST6 Ancona 6/14/1972 4.7 strike slip 8
1560 497 ST541 Duzce 1 11/12/1999 7.2 oblique 39
594 286 ST60 Umbria Marche 9/26/1997 6 normal 11
Soil B
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
137 50 ISK005 Off Noto Peninsula 2007_March_25 6.7 reverse 19.02
329 137 DFHS Darfield 2010_September_03| 7.1 strike-slip 9.06
155 58 NIG018 Off S Niigata Prefecture 2007 _July 16 6.6 reverse 21.28
140 51 AKT023 Southern Iwate Prefecture 2008_June_13 6.9 reverse 18.82
166 64 AQG L'Aquila mainshock 2009_April_06 6.3 normal 4.39
167 64 AQK L'Aquila mainshock 2009_April_06 6.3 normal 5.65
462 99 ST_24436 Northridge 1994 January 17 6.7 reverse 5.39
Soil C
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
155 58 NIG018 Off S Niigata Prefecture 2007 _July_16 6.6 reverse 21.28
137 50 ISK005 Off Noto Peninsula 2007_March_25 6.7 reverse 19.02
329 137 DFHS Darfield 2010_September_03| 7.1 strike-slip 9.06
446 89 EC05 Imperial Valley 1979_October_15 6.5 strike-slip 27.68
452 94 ST 47379 Loma Prieta 1989_October_18 6.9 oblique 28.57
433 83 ST_36408 Parkfield 2004 _September_28 6 strike-slip 3.02
83 27 KGS005 | NW Kagoshima Prefecture 1997_May 13 6 strike-slip 15.7
Soil D
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
155 58 NIG018 Off S Niigata Prefecture 2007 _July_16 6.6 reverse 21.28
329 137 DFHS Darfield 2010_September_03| 7.1 strike-slip 9.06
137 50 ISK005 Off Noto Peninsula 2007_March_25 6.7 reverse 19.02
433 83 ST_36408 Parkfield 2004 _September_28 6 strike-slip 3.02
452 94 ST_47379 Loma Prieta 1989_October_18 6.9 oblique 28.57
446 89 EC05 Imperial Valley 1979_October_15 6.5 strike-slip 27.68
47 18 HKDO020 Rumoi 2004_December_14| 5.7 reverse 8.08
Soil E
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
454 94 ST_47006 Loma Prieta 1989 _October_18 6.9 oblique 28.83
433 83 ST_36408 Parkfield 2004 _September_28 6 strike-slip 3.02
434 83 ST_36411 Parkfield 2004_September_28 6 strike-slip 12.49
465 78 ERZ Erzincan 1992_March_13 6.6 strike-slip 8.97
456 94 ST_58065 Loma Prieta 1989_October_18 6.9 oblique 27.59
155 58 NIG018 Off S Niigata Prefecture 2007 _July_16 6.6 reverse 21.28
347 143 HVSC Christchurch 2011_February 22 55 4.1
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— 000027xa EQ: 23
—007329%a EQ: 2343
—— 000766xa EQ: 292
— 000182xa EQ: &7
— 000029xa EQ: 23

001560xa EQ: 497

—— 000594xa EQ: 286
—— 000027ya EQ: 23
—007329ya EQ: 2343
— 000766ya EQ: 292
— 000182ya EQ: &7
— 00002%ya EQ: 23

001560ya EQ: 497

— 000594ya EQ: 256

Target spectrum
Lower Tolerance

- Upper Tolerance
m— Awerage spectrum

g

05 1 15 | ———-Range o periods
T[s]
T sec 0.25
Bedl Jlomo 4 =Ms 8
A5Luaall Jlxo 0 =D&m) =< | 100
. a 0.2*T | = T (Sec) = | 1.5*T
e KT 025 | 0.375
T T T T T
—IN0137xa EQ: 50 — INO155xa EQ: 58
——— IND329xa EQ: 137 || IND137xa EQ: 50 |
—INO155xa EQ: 58 || — IN0329xa EQ: 137 ||
—IN0140xa EQ: 51 IN0446xa EQ: 89
—INO166xa EQ: 64 | —— IN0452xa EQ: 84 |4
IN0167xa EQ: 64 IND433xa EQ: 83
—IN0462xa EQ- 99 H IND0B3xa EQ: 27 H
= ——— IN0137ya EQ- 50 = ——— IN0155ya EQ: 58
é ——— IN0329ya EQ: 137 H é INO137ya EQ- 50 H
3 —IN0155ya EQ: 58 = — IN0329ya EQ: 137
—INO140ya EQ: 51 | INO446ya EQ: 89 |
——— IND166ya EQ: 64 ——— IN0452ya EQ: 94
INO167ya EQ- 64 | IND433ya EQ: 83 ||
— INO462ya EQ: 99 || — IND083ya EQ: 27
Target spectrum Target spectum ||
----- Lower Tolerance || —==-= Lower Tolerance |
- Upper Tolerance : R Upper Tolerance
—Average spectrum H — Average spectrum
====Range of periods |4 ===+ Range of periods |4
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— IN0155xa EQ: 58
—IN0329xa EQ: 137
—IN0137xa EQ: 50
— IN0433xa EQ: 83
— IN0452xa EQ: 94
IN0446xa EQ: 89
— IN0047xa EQ: 18
— IN0155ya EQ: 58
—IN0329ya EQ: 137
— IN0137ya EQ: 50
—IN0433ya EQ: 83
— IN0452ya EQ: 94

IN0446ya EQ: 89 ]

— IN0047ya EQ: 18
Target spectrum
----- Lower Talerance

e Upper Talerance

= Average spectrum
= === Range of periods

= LT

— IN0454xa EQ: 94

—IN0347ya EQ: 143 4

——| === Average spectrum H

—IN0433xa EQ: 83 [|
—IN0434xa EQ: 83
— IN0465xa EQ:- 78 ||
— IN0456xa EQ: 94

INO155xa EQ- 68 [
—IN0347xa EQ: 143
—IN0454ya EQ: 94 A
—IN0433ya EQ: 83
—IN0434ya EQ: 83 H
—INO465ya EQ: T8
— IN0456ya EQ: 94 H

INO155ya EQ: 58

Target spectrum
----- Lower Tolerance |
------ Upper Tolerance

=

====Range of periods

Aasd) A5l g gl pa ABBlgial) CildSU 0.25 sec gl daladl BN o) Cile gana 1(6) JSi)

owedll Cile gaadll (o deganae (< Laldll cllaiwy) il Average bawsially SRSS Llaiuy) dlase culs )

A(9) J<all 85 (9) Jsanll (B daimsally
(10) Jal & mitall Gme o9 ¢(10) Jenad) 4 plas U Lalald) cllasad) e JSI Average bugiall lses o
<l a1y Total Average sasg plas JSI S davgiall Giliag aail) Gl (ghaially calaall adll Glaa il )
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Soil A
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
5488 224 ST2881 Chenoua 10/29/1989 5.9 thrust 29
1715 474 ST1259 Ano Liosia 9/7/1999 6 normal 14
1313 474 ST1100 Ano Liosia 9/7/1999 6 normal 16
5651 1825 ST2948 NE of Banja Luka 8/13/1981 5.7 oblique 7
27 23 ST3 Ancona 6/14/1972 4.7 strike slip
7187 2322 ST3311 Awvej 6/22/2002 6.5 thrust 28
6334 2142 ST2488 South Iceland (aftershock) 6.4 strike slip 11
Soil B
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
140 51 AKT023 Southern Iwate Prefecture 2008_June_13 6.9 reverse 18.82
454 94 ST_47006 Loma Prieta 1989_October_18 6.9 oblique 28.83
410 159 SPLB Athens_mainshock 1999_September_07 6 13.85
113 41 ST_106 South Iceland 2000 _June_17 6.5 strike-slip 5.25
456 94 ST_58065 Loma Prieta 1989_October_18 6.9 oblique 27.59
43 16 NIG022 Mid Niigata Prefecture 2004_October_23 6.6 reverse 28.79
47 18 HKDO020 Rumoi 2004_December_14 | 5.7 reverse 8.08
Soil C
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
433 83 ST_36408 Parkfield 2004_September_28 6 strike-slip 3.02
454 94 ST_47006 Loma Prieta 1989_October_18 6.9 oblique 28.83
113 41 ST_106 South Iceland 2000_June_17 6.5 strike-slip 5.25
434 83 ST_36411 Parkfield 2004 _September_28| 6 strike-slip 12.49
166 64 AQG L'Aquila mainshock 2009_April_06 6.3 normal 4.39
446 89 EC05 Imperial Valley 1979_October_15 6.5 strike-slip 27.68
337 142 HVSC Christchurch 2011 February 21 | 6.2 reverse 2.25
Soil D
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
433 83 ST_36408 Parkfield 2004 _September_28| 6 strike-slip 3.02
155 58 NIG018 Off S Niigata Prefecture 2007 _July 16 6.6 reverse 21.28
446 89 EC05 Imperial Valley 1979_October_15 6.5 strike-slip 27.68
454 94 ST_47006 Loma Prieta 1989 October_18 6.9 oblique 28.83
434 83 ST 36411 Parkfield 2004 _September_28| 6 strike-slip 12.49
113 41 ST_106 South Iceland 2000_June_17 6.5 strike-slip 5.25
285 125 SZ0011 MT FUJI REGION 2011_March_15 5.9 strike-slip 12.8
Soil E
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
155 58 NIG018 Off S Niigata Prefecture 2007 _July 16 6.6 reverse 21.28
465 78 ERZ Erzincan 1992_March_13 6.6 strike-slip 8.97
166 64 AQG L'Aquila mainshock 2009_April_06 6.3 normal 4.39
434 83 ST 36411 Parkfield 2004_September_28| 6 strike-slip 12.49
137 50 ISK005 Off Noto Peninsula 2007_March_25 6.7 reverse 19.02
422 72 TLM1 Friuli 1st shock 1976_May 06 6.4 reverse 21.72
39 16 NIG019 Mid Niigata Prefecture 2004_October_23 6.6 reverse 7.01
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— 005488xa EQ:
—001715xa EQ:
—001313xa EQ:
005651xa EQ:
——000027xa EQ: 23
007187xa EQ:
006334xa EQ:
— 005488ya EQ:
001715ya EQ:
— 001313ya EQ:
— 005651ya EQ:
000027ya EQ: 23
007187ya EQ:

Target spectrum
----- Lower Tolerance
- Upper Tolerance

m— Average spectrum

= === Range of periods

224
474
474
1825

2322
2142 []
224
474
474
1825

2322
——006334ya EQ: 2142

E

19 |

T sec 0.5
Bgall Jlons 4 =M = 8
owall Jloma 0 =D (km) < 100
0.2*T | =T(Sec)= | 1.5*T
Laia ! 2 gt Jloms <
g 0.1 0.5 0.75
Soil B Soil C
T T T T T T T

18 ! —— IN0140xa EQ: 51 || —— IN0433xa EQ: 83
i : ———IN0454xa EQ: 94 ——— IN0454xa EQ: 94 ]
16l 1 — IN0410xa EQ: 159 || — IN0113xa EQ: 41 ||

: — INO113xa EQ: 41 — IN0434xa EQ: 83
14 1 —IN0456xa EQ: 94 | ——IN0166xa EQ: 64 ||

| : IN0043xa EQ: 16 IND446xa EQ: 89
120 H —— INDD4Txa EQ- 18 | —— IN0337xa EQ: 142 H

= : — IN0140ya EQ: 51 = — IN0433ya EQ: 83
= : — IN0454ya EQ: 94 [ = — IN0454ya EQ- 94 H

& 08 H — IN0410ya EQ: 159 I = — IN0113ya EQ: 41
. : —IN0113ya EQE 41 — IN0434ya EQ: 83 [|

06 — IN0456ya EQ:- 94 |l — IN0166ya EQ: 64
58 IN0043ya EQ: 16 INO446ya EQ: 89 ||

0l —INOD47ya EQ- 18 — IN0337ya EQ: 142
o Target spectrum Target spectrum Il
RN e S, e Lower Tolerance || | |0 sy TWGGSseS T B L Lower Tolerance ||

"""" Upper Tolerance =+=+== Upper Tolerance
0 . m— Average spectrum B —pvarage spectrum =
0 05 1.5 2 ==="=Range of periods |4 ge =P [
= === Range of periods |4
Tls]
Soil D
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Sa(T) [g]

— IN0433xa EQ: 83
— IN0155xa EQ: 56
IN0446xa EQ: 89
— IN0454xa EQ: 94
—IN0434xa EQ: 83 |
INO113xa EQ: 41
— IN0285xa EQ: 1256 H
IN0433ya EQ:- 83
INO155ya EQ: 58 [
— IN0446ya EQ: 89
INO454ya EQ- 94 ]
—IN0434ya EQ: 83
INO113ya EQ: 41
IN0285ya EQ: 125
Target spectrum
----- Lower Tolerance
------ Upper Tolerance

Sa(T) [g]

g

= Average spectrum

INO155xa EQ: 58
INO465xa EQ: 78
— IN0166xa EQ: 64
— IN0434xa EQ: 83
—IN0137xa EQ: 50
IND422xa EQ: 72
IN0039xa EQ: 16
—IN0155ya EQ: 58
— IN0465ya EQ: 78
— IN0166ya EQ: 64
IN0434ya EQ: 83
—IN0137ya EQ: 50
IN0422ya EQ: 72

| ——moo39ya EQ: 16

Target spectrum
----- Lower Tolerance
- Upper Tolerance
m— Average spectrum

= === Range of periods

==== Range of periods

= DCEAELT

Aadd) A5l ool pa ABBIgial) ClLSU 0.5 sec salls dualdd) LB chlawll cilegara 1(7) JS&

0%

0.7
0.6
w 05

08 ——]

Aac
-
—]

Se

-SC Al goil (38sal) ananall) ilaia¥) cib o ol IS gl ALlia) okl g ludl) a0 :(8) JSid)

16.00
14.00
12.00
10.00
8.00
6.00
4.00
2.00
0.00

D mm

[Soil Condition SC, R = 4.5, a = 0.03, T = 0.1 sec|

sssses SRSS(1)

eesees SRSS(2)

------ SRSS(3)

sssses SRSS(4)

------ SRSS(5)
vvvvvv SRSS(é)

SRSS(7)

T T T T !
K1 & § == e Average GA
() (&) ', e, 'cy
l‘j 2“) [\} 27 IJ\
N Response Spectrum
Set Num

Value (mm)
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Soil A
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
6093 2050 ST1372 Kozani (aftershock) 5/19/1995 5.2 normal 16
5488 224 ST2881 Chenoua 10/29/1989 5.9 thrust 29
200 93 ST68 Montenegro 4/15/1979 6.9 thrust 65
1715 474 ST1259 Ano Liosia 9/7/1999 6 normal 14
182 87 ST54 Tabas 9/16/1978 7.3 oblique 12
126 63 ST35 Friuli (aftershock) 9/15/1976 6 thrust 21
879 349 ST271 Dinar 10/1/1995 6.4 normal 8
Soil B
Wawveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
464 99 ST_5108 Northridge 1994 January 17 6.7 reverse 14.67
140 51 AKT023 Southern Iwate Prefecture 2008_June_13 6.9 reverse 18.82
46 17 NIG017 Mid Niigata Prefecture 2004_October_23 6.3 reverse 16.53
410 159 SPLB Athens_mainshock 1999_September_07| 6 13.85
43 16 NIG022 Mid Niigata Prefecture 2004_October_23 6.6 reverse 28.79
330 137 DSLC Darfield 2010_September_03| 7.1 strike-slip 13.31
337 142 HVSC Christchurch 2011_February 21 | 6.2 reverse 2.25
Soil C
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
434 83 ST 36411 Parkfield 2004_September_28| 6 strike-slip 12.49
166 64 AQG L'Aquila mainshock 2009_April_06 6.3 normal 4.39
433 83 ST 36408 Parkfield 2004_September 28| 6 strike-slip 3.02
330 137 DSLC Darfield 2010_September_03| 7.1 strike-slip 13.31
140 51 AKT023 Southern Iwate Prefecture 2008 _June_13 6.9 reverse 18.82
453 94 ST_47380 Loma Prieta 1989 October_18 6.9 oblique 29.66
462 99 ST_24436 Northridge 1994 January 17 6.7 reverse 5.39
Soil D
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
166 64 AQG L'Aquila mainshock 2009_April_06 6.3 normal 4.39
446 89 EC05 Imperial Valley 1979_October_15 6.5 strike-slip 27.68
434 83 ST 36411 Parkfield 2004_September_28 6 strike-slip 12.49
453 94 ST_47380 Loma Prieta 1989 October_18 6.9 oblique 29.66
433 83 ST_36408 Parkfield 2004_September_28| 6 strike-slip 3.02
445 89 EC04 Imperial Valley 1979_October_15 6.5 strike-slip 27.03
337 142 HVSC Christchurch 2011_February 21 | 6.2 reverse 2.25
Soil E
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
447 89 EC06 Imperial Valley 1979_October_15 6.5 strike-slip 27.35
166 64 AQG L'Aquila mainshock 2009_April_06 6.3 normal 4.39
155 58 NIG018 Off S Niigata Prefecture 2007 _July 16 6.6 reverse 21.28
445 89 EC04 Imperial Valley 1979_October_15 6.5 strike-slip 27.03
465 78 ERZ Erzincan 1992 March_13 6.6 strike-slip 8.97
453 94 ST 47380 Loma Prieta 1989 _October_18 6.9 oblique 29.66
39 16 NIG019 Mid Niigata Prefecture 2004_October_23 6.6 reverse 7.01
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Soil A
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
6093 2050 ST1372 Kozani (aftershock) 5/19/1995 5.2 normal 16
200 93 ST68 Montenegro 4/15/1979 6.9 thrust 65
1714 474 ST1258 Ano Liosia 9/7/1999 6 normal 14
1231 472 ST575 Izmit 8/17/1999 7.6 strike slip 9
591 290 ST221 Umbria Marche 9/26/1997 5.7 normal 3
4674 1635 ST2486 South Iceland 6/17/2000 6.5 strike slip 5
7187 2322 ST3311 Awvej 6/22/2002 6.5 thrust 28
Soil B
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
464 99 ST 5108 Northridge 1994 January_17 6.7 reverse 14.67
140 51 AKT023 Southern Iwate Prefecture 2008_June_13 6.9 reverse 18.82
330 137 DSLC Darfield 2010_September_03| 7.1 strike-slip 13.31
46 17 NIG017 Mid Niigata Prefecture 2004_October_23 6.3 reverse 16.53
463 99 ST 24688 Northridge 1994 January 17 6.7 reverse 18.59
432 83 ST 36177 Parkfield 2004_September_28 6 strike-slip 195
337 142 HVSC Christchurch 2011 February 21 6.2 reverse 2.25
Soil C
Wawveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
166 64 AQG L'Aquila mainshock 2009_April_06 6.3 normal 4.39
434 83 ST 36411 Parkfield 2004_September_28 6 strike-slip 12.49
341 142 RHSC Christchurch 2011_February 21 6.2 reverse 13.73
330 137 DSLC Darfield 2010_September_03| 7.1 strike-slip 13.31
458 99 ST_24087 Northridge 1994 January 17 6.7 reverse 11.02
447 89 EC06 Imperial Valley 1979_October_15 6.5 strike-slip 27.35
462 99 ST_24436 Northridge 1994 January_17 6.7 reverse 5.39
Soil D
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
166 64 AQG L'Aquila mainshock 2009_April_06 6.3 normal 4.39
446 89 ECO05 Imperial Valley 1979_October_15 6.5 strike-slip 27.68
447 89 EC06 Imperial Valley 1979_October_15 6.5 strike-slip 27.35
445 89 EC04 Imperial Valley 1979_October_15 6.5 strike-slip 27.03
341 142 RHSC Christchurch 2011 February 21 6.2 reverse 13.73
458 99 ST_24087 Northridge 1994 January 17 6.7 reverse 11.02
462 99 ST 24436 Northridge 1994 January_17 6.7 reverse 5.39
Soil E
Wawveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
447 89 EC06 Imperial Valley 1979 _October_15 6.5 strike-slip 27.35
445 89 EC04 Imperial Valley 1979_October_15 6.5 strike-slip 27.03
217 101 ST_113 Olfus 2008_May_ 29 6.3 strike-slip 8.89
166 64 AQG L'Aquila mainshock 2009_April_06 6.3 normal 4.39
446 89 EC05 Imperial Valley 1979_October_15 6.5 strike-slip 27.68
102 31 ST_3168-2 Bam 2003_December_26 | 6.6 strike-slip 10.16
39 16 NIG019 Mid Niigata Prefecture 2004_October_23 6.6 reverse 7.01
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Soil A
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
1228 472 ST561 Izmit 8/17/1999 7.6 strike slip 47
1714 474 ST1258 Ano Liosia 9/7/1999 6 normal 14
439 213 ST173 Spitak 12/7/1988 6.7 thrust 36
4677 1635 ST2562 South Iceland 6/17/2000 6.5 strike slip 21
6328 2142 ST2484 South Iceland (aftershock) 6.4 strike slip 12
594 286 ST60 Umbria Marche 9/26/1997 6 normal 11
4674 1635 ST2486 South Iceland 6/17/2000 6.5 strike slip 5
Soil B
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
464 99 ST 5108 Northridge 1994 January 17 6.7 reverse 14.67
140 51 AKT023 Southern Iwate Prefecture 2008_June_13 6.9 reverse 18.82
330 137 DSLC Darfield 2010_September_03| 7.1 strike-slip 13.31
463 99 ST 24688 Northridge 1994 January 17 6.7 reverse 18.59
46 17 NIG017 Mid Niigata Prefecture 2004_October_23 6.3 reverse 16.53
139 51 IWT010 Southern Iwate Prefecture 2008_June_13 6.9 reverse 23.08
337 142 HVSC Christchurch 2011_February 21 6.2 reverse 2.25
Soil C
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
341 142 RHSC Christchurch 2011_February 21 6.2 reverse 13.73
330 137 DSLC Darfield 2010_September_03| 7.1 strike-slip 13.31
166 64 AQG L'Aquila mainshock 2009_April_06 6.3 normal 4.39
458 99 ST_24087 Northridge 1994 January 17 6.7 reverse 11.02
434 83 ST 36411 Parkfield 2004_September_28 6 strike-slip 12.49
446 89 EC05 Imperial Valley 1979_October_15 6.5 strike-slip 27.68
461 99 ST_24279 Northridge 1994 January 17 6.7 reverse 20.25
Soil D
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
446 89 EC05 Imperial Valley 1979_October_15 6.5 strike-slip 27.68
166 64 AQG L'Aquila mainshock 2009_April_06 6.3 normal 4.39
341 142 RHSC Christchurch 2011_February 21 | 6.2 reverse 13.73
458 99 ST_24087 Northridge 1994 January 17 6.7 reverse 11.02
311 132 MRN EMILIA Pianura_Padana 2012_May 20 6.1 reverse 13.36
113 41 ST_106 South Iceland 2000 _June_17 6.5 strike-slip 5.25
462 99 ST_24436 Northridge 1994 _January 17 6.7 reverse 5.39
Soil E
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
447 89 EC06 Imperial Valley 1979_October_15 6.5 strike-slip 27.35
445 89 EC04 Imperial Valley 1979_October_15 6.5 strike-slip 27.03
446 89 ECO05 Imperial Valley 1979_October_15 6.5 strike-slip 27.68
457 98 ST 22170 Landers 1992 June_28 7.3 strike-slip 13.08
217 101 ST 113 Olfus 2008_May 29 6.3 strike-slip 8.89
102 31 ST_3168-2, Bam 2003_December 26| 6.6 strike-slip 10.16
39 16 NIG019 Mid Niigata Prefecture 2004_October_23 6.6 reverse 7.01
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Soil A
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
1228 472 ST561 Izmit 8/17/1999 7.6 strike slip 47
439 213 ST173 Spitak 12/7/1988 6.7 thrust 36
1715 474 ST1259 Ano Liosia 9/7/1999 6 normal 14
476 230 ST185 Manjil 6/20/1990 7.4 oblique 97
475 230 ST184 Manjil 6/20/1990 7.4 oblique 91
7142 2309 ST539 Bingol 5/1/2003 6.3 strike slip 14
413 192 ST164 Kalamata 9/13/1986 5.9 normal 10
Soil B
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
464 99 ST 5108 Northridge 1994 January 17 6.7 reverse 14.67
140 51 AKT023 Southern Iwate Prefecture 2008_June_13 6.9 reverse 18.82
389 149 RHSC Christchurch 2011 June 13 6 reverse 14.76
330 137 DSLC Darfield 2010_September_03| 7.1 strike-slip 13.31
338 142 KPOC Christchurch 2011_February 21 6.2 reverse 24.93
139 51 IWT010 Southern Iwate Prefecture 2008_June_13 6.9 reverse 23.08
461 99 ST_24279 Northridge 1994 January 17 6.7 reverse 20.25
Soil C
Waweform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
339 142 LPCC Christchurch 2011_February 21 | 6.2 reverse 1.48
341 142 RHSC Christchurch 2011_February 21 6.2 reverse 13.73
330 137 DSLC Darfield 2010_September_03| 7.1 strike-slip 13.31
458 99 ST_24087 Northridge 1994 January 17 6.7 reverse 11.02
166 64 AQG L'Aquila mainshock 2009_April_06 6.3 normal 4.39
445 89 EC04 Imperial Valley 1979 October_15 6.5 strike-slip 27.03
462 99 ST 24436 Northridge 1994 January 17 6.7 reverse 5.39
Soil D
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
341 142 RHSC Christchurch 2011_February 21 6.2 reverse 13.73
339 142 LPCC Christchurch 2011_February 21 | 6.2 reverse 1.48
458 99 ST_24087 Northridge 1994 January 17 6.7 reverse 11.02
311 132 MRN EMILIA Pianura_Padana 2012_May 20 6.1 reverse 13.36
166 64 AQG L'Aquila mainshock 2009_April_06 6.3 normal 4.39
337 142 HVSC Christchurch 2011_February_21 6.2 reverse 2.25
155 58 NIG018 Off S Niigata Prefecture 2007 _July 16 6.6 reverse 21.28
Soil E
Waweform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
447 89 ECO06 Imperial Valley 1979 October_15 6.5 strike-slip 27.35
445 89 EC04 Imperial Valley 1979 October_15 6.5 strike-slip 27.03
446 89 EC05 Imperial Valley 1979_October_15 6.5 strike-slip 27.68
444 89 EMO Imperial Valley 1979_October_15 6.5 strike-slip 19.33
457 98 ST 22170 Landers 1992 June_28 7.3 strike-slip 13.08
331 137 HORC Darfield 2010_September_03| 7.1 strike-slip 17.82
39 16 NIG019 Mid Niigata Prefecture 2004_October_23 6.6 reverse 7.01
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Soil A
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
1228 472 ST561 Izmit 8/17/1999 7.6 strike slip 47
439 213 ST173 Spitak 12/7/1988 6.7 thrust 36
5653 1825 ST2949 NE of Banja Luka 8/13/1981 5.7 oblique 7
335 158 ST121 Alkion 2/25/1981 6.3 normal 25
6277 1635 ST2558 South Iceland 6/17/2000 6.5 strike slip 15
475 230 ST184 Manjil 6/20/1990 7.4 oblique 91
413 192 ST164 Kalamata 9/13/1986 5.9 normal 10
Soil B
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
140 51 AKT023 Southern Iwate Prefecture 2008_June_13 6.9 reverse 18.82
464 99 ST 5108 Northridge 1994 January 17 6.7 reverse 14.67
338 142 KPOC Christchurch 2011_February 21 6.2 reverse 24.93
459 99 ST_24389 Northridge 1994 January 17 6.7 reverse 20.19
139 51 IWT010 Southern Iwate Prefecture 2008_June_13 6.9 reverse 23.08
441 87 DAY Tabas 1978_September_16| 7.1 reverse 20.63
446 89 EC05 Imperial Valley 1979_October_15 6.5 strike-slip 27.68
Soil C
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
339 142 LPCC Christchurch 2011_February 21 6.2 reverse 1.48
341 142 RHSC Christchurch 2011 February 21 6.2 reverse 13.73
330 137 DSLC Darfield 2010_September_03| 7.1 strike-slip 13.31
458 99 ST_24087 Northridge 1994 January 17 6.7 reverse 11.02
441 87 DAY Tabas 1978_September_16| 7.1 reverse 20.63
136 50 ISK006 Off Noto Peninsula 2007_March_25 6.7 reverse 6.64
304 94 LGPC Loma Prieta 1989_October_18 6.9 oblique 18.75
Soil D
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
341 142 RHSC Christchurch 2011 February 21 6.2 reverse 13.73
339 142 LPCC Christchurch 2011_February 21 6.2 reverse 1.48
458 99 ST_24087 Northridge 1994 January_17 6.7 reverse 11.02
340 142 PPHS Christchurch 2011 February 21 6.2 reverse 14.38
311 132 MRN EMILIA Pianura_Padana 2012_May_20 6.1 reverse 13.36
447 89 EC06 Imperial Valley 1979_October_15 6.5 strike-slip 27.35
462 99 ST 24436 Northridge 1994 January 17 6.7 reverse 5.39
Soil E
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
445 89 EC04 Imperial Valley 1979_October_15 6.5 strike-slip 27.03
465 78 ERZ Erzincan 1992_March_13 6.6 strike-slip 8.97
447 89 EC06 Imperial Valley 1979_October_15 6.5 strike-slip 27.35
446 89 EC05 Imperial Valley 1979_October_15 6.5 strike-slip 27.68
431 77 Al_137_DIN Dinar 1995_October_01 6.4 normal 0.47
333 137 ROLC Darfield 2010_September_03| 7.1 strike-slip 16.97
39 16 NIG019 Mid Niigata Prefecture 2004_October_23 6.6 reverse 7.01
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Soil A
Waveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
1228 472 ST561 Izmit 8/17/1999 7.6 strike slip 47
5653 1825 ST2949 NE of Banja Luka 8/13/1981 5.7 oblique 7
600 286 ST223 Umbria Marche 9/26/1997 6 normal 22
181 87 ST53 Tabas 9/16/1978 7.3 oblique 68
594 286 ST60 Umbria Marche 9/26/1997 6 normal 11
413 192 ST164 Kalamata 9/13/1986 5.9 normal 10
354 171 ST133 Panisler 6.6 strike slip 33
Soil B
Wawveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
140 51 AKT023 Southern Iwate Prefecture 2008 June_13 6.9 reverse 18.82
388 149 PPHS Christchurch 2011 June_13 6 reverse 13.44
464 99 ST 5108 Northridge 1994 January 17 6.7 reverse 14.67
389 149 RHSC Christchurch 2011 June_13 6 reverse 14.76
139 51 IWT010 Southern Iwate Prefecture 2008_June_13 6.9 reverse 23.08
330 137 DSLC Darfield 2010_September_03| 7.1 strike-slip 13.31
446 89 EC05 Imperial Valley 1979_October_15 6.5 strike-slip 27.68
Soil C
Waweform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
339 142 LPCC Christchurch 2011 February 21 6.2 reverse 1.48
341 142 RHSC Christchurch 2011_February 21 6.2 reverse 13.73
330 137 DSLC Darfield 2010_September_03| 7.1 strike-slip 13.31
458 99 ST_24087 Northridge 1994 January 17 6.7 reverse 11.02
386 149 LPCC Christchurch 2011 June_13 6 reverse 5.1
136 50 ISK006 Off Noto Peninsula 2007_March_25 6.7 reverse 6.64
304 94 LGPC Loma Prieta 1989 October_18 6.9 oblique 18.75
Soil D
Wawveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
341 142 RHSC Christchurch 2011 February 21 6.2 reverse 13.73
339 142 LPCC Christchurch 2011 February 21 6.2 reverse 1.48
136 50 ISK006 Off Noto Peninsula 2007_March_25 6.7 reverse 6.64
458 99 ST 24087 Northridge 1994 January_17 6.7 reverse 11.02
167 64 AQK L'Aquila mainshock 2009_April_06 6.3 normal 5.65
466 39 N_011 Dz Duzce 1999 Nowvember 12| 7.1 strike-slip 5.27
304 94 LGPC Loma Prieta 1989 October_18 6.9 oblique 18.75
Soil E
Wawveform ID | Earthquake ID | Station ID Earthquake Name Date Mw | Fault Mechanism | D [km]
445 89 EC04 Imperial Valley 1979_October_15 6.5 strike-slip 27.03
465 78 ERZ Erzincan 1992 March_13 6.6 strike-slip 8.97
333 137 ROLC Darfield 2010_September_03| 7.1 strike-slip 16.97
440 86 KAR Gazli 1976_May 17 6.7 reverse 12.78
446 89 EC05 Imperial Valley 1979_October_15 6.5 strike-slip 27.68
444 89 EMO Imperial Valley 1979 October_15 6.5 strike-slip 19.33
39 16 NIG019 Mid Niigata Prefecture 2004_October_23 6.6 reverse 7.01
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Dres = Sa/w? = Sa(T)%/4(m)?, SR = Py/W = Ca /(R.T)

(Soil Condition) SC, R =4.5, a. = 0.03, Ca=0.3

T (sec) 010 | 050 | 1.00 1.50 2.00
Sa (g) 078 | 083 | 045 0.30 0.23
Dres (MM) 195 | 51.30 | 111.93 | 167.90 | 223.87
SR= Py/W 073 | 015 | 007 0.05 0.04

Y3 X Gfiall e T =0.1seC 45l (53 aliilly dualdl) cililaiudy) 1(8) Jsaad)

(Soil Condition) SC, R=4.5, 0= 0.03, T=0.1 sec

mm) | X@ | X@ | X@) | X(4) | X(E) | X(6) | X(7)

Setl | 280 | 0.76 | 1.25 | 155 | 3.60 | 4.49 | 6.98

Set2 | 207 | 068 | 057 | 470 | 1.66 | 414 | 4.00

Set3 | 234 | 154 | 108 | 184 | 128 | 197 | 7.19

Set4 | 357 | 198 | 140 | 142 | 1.18 | 4.06 | 7.19

Set5 | 200 | 077 | 1.26 | 191 | 092 | 145 | 6.99

mm) | YD | Y@ | Y@ | v@) | yE) | vE) | ()

Setl | 461 1.36 124 | 218 | 3.14 3.25 7.39

Set2 | 3.94 1.21 0.57 | 6.43 | 2.49 3.14 3.67

Set3 | 4.07 3.26 1.08 | 3.39 | 2.20 1.88 9.47

Set4 | 4.60 3.92 2.80 | 1.42 | 1.56 3.12 9.48

Set5 | 3.93 1.36 167 | 285 | 1.12 2.24 | 11.65
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D
(mm) \/Xf + 12 \/Xzz + 17 JX§ 1% \/Xf + Y2 \/XSZ + Y2 ng i \/X72 + Y7 | Average
Set 1 5.39 1.56 1.76 2.67 4.78 5.54 10.17 4.55
Set 2 4.45 1.39 0.81 7.96 2.99 5.20 5.43 4.03
Set 3 4.69 3.61 1.53 3.86 2.55 2.72 11.89 4.41
Set 4 5.82 4.39 3.13 2.01 1.96 5.12 11.90 4.90
Set 5 4.41 1.56 2.09 3.43 1.45 2.67 13.59 4.17
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D (mm) Avierage AvErage Ave_rage Av_erage Average
T=01 T=05 T=1 T=15 T=2
Setl 4.55 87.11 160.79 198.03 217.26
Set 2 4.03 81.42 147.09 203.75 179.00
Set 3 441 80.35 138.70 174.00 210.38
Set4 4.90 86.58 161.25 197.29 239.98
Set5 4.17 79.24 130.23 188.45 222.46
Max 4.90 87.11 161.25 203.75 239.98
Min 4.03 79.24 130.23 174.00 179.00
Total Average 441 82.94 147.61 192.30 213.82
Sg:gﬁ;i 0.34 3.65 1362 | 1161 | 2234
Stdev /Aver 0.08 0.04 0.09 0.06 0.10
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Soil Condition SC, R =4.5, a =0.03
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Soil Condition SC, R =4.5, a =0.03
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Abstract:

Selecting seismic records in Global Standards is, until now, based on matching design response spectrum,
where records should have seismological characteristics similar to the expected earthquake for the considered
site (magnitude, distance, fault mechanism and soil conditions). Then it is necessary to scale these records to match
the intensity of the earthquake expected for the site. Generally, scaling can be made by ground motions uniform
scaling in time domain to best match (in average) the target spectrum within a period range of interest. Design ground
motions are typically prescribed by smooth response spectra. But it is preferred to use a set of time histories that are
representative of the design target spectrum in an ensemble average due to the increase of available strong ground

motion database and improving computing power.

When testing the selected and scaled ground motions, it’s a standard procedure to use the nonlinear time history
analysis to validate the results in terms of structural responses and their variation. This proves the efficiency of the
presented procedure. In this study, basic methodologies for selecting and scaling strong ground motion time
histories are summarized and utilized to obtain 40 sets of real seismic records that are sufficient to Tartous
city’s needs. These sites are conveying a wide range of classic buildings periods, and all soil types Sa, Sb, Sc,
Sd and Se, which means the city’s five design spectra. Thus the Syrian engineer can safely use these records in
linear and nonlinear analyses recommended for design and research purposes. Then a sample of five resulting time
histories are investigated and compared in terms of suitability as input to time history analysis of civil engineering
structures, by means of time history analyses of SDOF systems, which are conducted to examine the scatter in the
structural response. The nonlinear response of SDOF systems is represented by bilinear hysteretic model. Assuming 5
different Periods, yield strength reduction factor, R= 4.5, a=3% post-yield stiffness, a number of 350 runs of analysis

are conducted. The results are described for elastic displacement D.

Keywords: Record Scaling, Record Selecting, Time domain, Seismological Signature, Design Response spectrum,

Target Response Spectrum.
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