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O ABSTRACT 0O

Design ground motions are typically prescribed by smooth response spectra.
Engineers often prefer to use a time history that matches the target design spectrum rather
than evaluate a structure for a sit of time histories that are representative of the target
spectrum in an ensemble average.

Generally, scaling actual time histories to match a given design spectrum can be
made by two preferred methods: First, ground motions uniform scaling in time domain
which is simply scaled up or down the ground motion uniformly to best match the target
spectrum within a period range of interest, without changing the frequency content.
Second, spectral matching in time domain which produces only localized perturbations on
both the time history and the its response spectrum, where small adjustments can be made
to a time history to change its response spectrum from jagged to smooth, if done properly
the resulting time history can be “realistic”.

The realistic nature of a time history should be judged in the time domain in terms of
the non stationary character of acceleration, velocity and displacement, for that the
effectiveness of the two methods is examined by applying them to adjust actual earthquake
time histories to much the design spectra while minimizing perturbations on their
characteristics.

The procedures are utilized to scale 15 set of records, every set consists of seven
records of available real records to match the Syrian design spectra. The resulting time
histories are investigated and compared in terms of suitability as input to time history
analysis of civil engineering structures.

Keywords: Seismic Standards, Record Selecting, Seismological Signature, Record
Scaling, Time-History Analysis, Time Domain, Spectral Matching.
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B lgiad <y chaigl (e leiaal o a Lea AR 038 (3 A5l e dgage A Lol LeS cdaid 800
Loaa Al ASyal) 3 Lgidaulg (el ) Adplall dulua (5

:(Arturo Arias in 1970) Intensity (uly,i sa& —4-2

FADAl 2353 sMl; RMS ACC )bl owssial) an il jaally (355 IS5 eyl 138 Lasiy

I, = % [ Ta(®)]? dt m/sec )

e e gls e g of G

JalS e xigy dal&ill 5 JBI 330 L ot ) Adplall e Jfise gag eyl Baslg 4ic yua
el Jandl A3l 524

:Cumulative Absolute Velocity 4|yl dithall dspudl —5-2

Giis IS8 Adadipe L aag 8 5 Al adlly e3l) Jand) a3 peanall Aalual) Aabsy a5
PRl oty . Jainall LY el

CAV = [ “Ja(t)| dt (3)

459



AYLENFPENTEN oY) 380 33 NN Jaaall el Jlae 8 2 gl il A5 )lie Bystaall 5] aladinly ahall (3l

:Characteristic Intensity 3jiaall 5041 —6-2
Fusiaall A8Ually Lalae Y1 cilagdill e il LYY el Juduiy ok JS3 jialdl 138 Jasiy
(A8l £ Ll 220l 43l 5T) Absorbed Hysteretic Energy sl
Io = alins T3® (4)
:Housner Intensity iuse dulaiuy) cisa 30 -7-2-3
g saanall Aylaia¥) (il cildlan) (8 0.1 sec, 2.5 sec oy il alanad ulal) sl of Lo
e Cada 5ad i gl L culiiall o3¢ Aldiaall Llaia) e Tdse (et of cany s e sl
1Al
SIE) = [T PSV(E,T) dT
(5)
0.1 sec, 2.5 sec Jlaall A dpaasll Ao pull Llaiul) Casds a3y anal) dabiaall & AT i
Yl 5 225 (ssinall dage ilsn o oy - (ALE 26l8T D (Y s o Al o3gd (e

1B ylidal) Aie3l) ) clialge —8-2-3

deganall w Linpal JBaSs cile ganall waand LIBHI LS Hally Lalall LI Cljiahdl Glusy L
Aasinly Lela 28 il 45 Aualad) clsiehll de sanas BN daadl o35 31 (3) Jsanlls L Y1
e oAl (gylmall Cahaiyly el oda e JSI Sliald) Jas siall 28LaYL ¢ Seismosoft maliy

) Ao panall lail) cBlaally Lualdd) ABHY el 1(3) oo
Ao ganall o 50))
(1Set 1
731 | 2.67 | 235 | 317 | 2.12 | 496 | 465 | S QeEMAKAC
(m/sec2)
Lualac Y de ydiMax
Velocity (cm/sec)
bl Lpalac¥) Aoyl
0.07 0.09 | 0.13 | 0.17 | 0.16 | 0.04 | 0.06 salacY!
Vmax/Amax (sec)
Loogiall sl 3l
Acc RMS (m/sec2)

«—1560x | 414y | 414x | 290y | 290x | 126y | 126x

53.65 | 23.53 | 31.65 | 54.61 | 33.51 | 21.66 | 27.41

0.64 0.39 | 0.34 | 0.40 | 0.34 | 0.82 | 0.68

u.utgj Ak
3.66 0.74 | 0.55 1.51 1.30 1.09 | 0.73
Arias Intensity (cm/sec)

3.82 1.35 | 1.08 | 1.93 | 1.66 | 2.36 | 1.76 3yaaall 3241
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Characteristic Intensity
1482.0 536.0 | 452.0 | 1318. | 1335. | 446.0 | 390.0 :::ﬂ;\ﬁ;ﬁ;
0 0 0 0 0 0
(cm/sec)
213.00 | 90.00 | 0| 100100 06 | 66.00 et
0 0 0 Housner Intensity (cm)
Syrall el el
4.16 1.95 | 2.29 | 1.87 | 1.73 | 2.42 | 2.24 Sustained Max Acc
(m/sec2)
Jladll asarssill g Lot
6.17 2.78 | 2.41 | 3.12 | 2.19 | 5.33 | 4.68 Effe Design Acc
(m/sec2)
Ghad) | dawsgial
@l | Slasll | 7162y | 7162x | 6332y | 6332x | 4674y | 4674x |1560y—
St Dev |Average
2.73 5.18 10.44 9.82 5.57 5.19 3.31 3.12 7.85
19.32 | 40.84 | 40.00 | 30.84 | 82.90 | 21.85 | 23.88 | 61.27 | 64.91
0.06 0.10 0.04 0.03 0.15 0.04 0.07 0.20 0.08
0.20 0.51 0.86 0.76 0.43 0.38 0.32 0.32 0.52
2.13 2.20 7.65 5.95 1.53 1.21 1.24 1.24 2.41
1.59 2.53 6.43 5.32 2.02 1.70 1.57 1.57 2.79
484.00 | 921.00 | 1738.0 | 1561.0 | 573.00 | 554.00 | 670.00 | 669.00 | 1174.0
72.00 | 133.00 | 72.00 | 59.00 |278.00 | 91.00 | 123.00 | 177.00 | 237.00
2.00 3.51 7.49 8.05 4.61 2.75 3.15 2.82 3.59
1.93 4.62 8.14 6.44 4.97 4.47 3.22 3.11 7.59

:Methods of Ground Motion Scaling 431! cMawud! Guudil) g3k -3
e Aliaally Gy 1 SN (e aane JISH Ailae ) Adal) ZIGHN CSland) (uh dlee Cangs
fouil) daleal (il i o5 L el apenaill Alaiu¥) Cila JSS
: Uniform Scaling in Time Domain ¢}l Jlaa 4 aagall updil) -1-3
ansa < oyl 5l 00 el Jasadl G e dlaluy ASCE scaling  dplaall oda adiad
Ge sall sane Jlae e @llyg (Jumdl) JRall Gaagl) et Cands e dillae o5 Capa Jalaa alasinly
1.6.2.2 55l & ([12]egysmall 2580 aliag) [2] Sopal) 280 (aty L g2251l) ginall 3 i gl Jgean 50
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3 dgally Lalad) Al 4@ LSl Gkl Cilagye gsanal 2l 30 5 (05/16.1.3.2)
((ASCE 7-05/16.1.3.2)  zs3V & otV i€yall S Bl (i Jalaa (3akay i) %5 el
of ey (A8 2153Y1) cile sanall SRSS il JSI Average Jawssiall (o Cums e gendl) (it of con
502 T o sl e Jlae (B ey cpanaill Blaiul) Cala e ALEA) ol e 8ye 1.3 e J&Y
Lalall Llanuy) Glhl (4 ) JSal Gan Landll Wl psal) s Ty o Gan %10 e 8L 1.5 T
L 35V de sanally Aalal) clfiahlll af ol L g 3y (Y1 de ganall Al 40500 <Dty
-(4) Jsall

— Target SpectruF.—
000126
— 000126

Acceleration {m/sec2)

007162

1 ] R () ) B

2
Period (sec)
Lcaagl) <iuhlls ASCE Scaling e\mug uij;’\ 5\.:3‘.;.45 w.d\ 3.}3.9'1\ I, P || LL.;"M\ dL}hi :(4) Jead

A 4 anall ASCE Scaling alaialy Auspiall Ayia}ll il Aualdl) A5 ciiahll :(4) Jsta

e ganall I j54))

«—1560x | 414y 414x 290y 290x 126y 126x
(1Set 1

<be¥l ¢ lallMax
Acc (m/sec2)

3.80 291 2.57 3.89 2.61 5.60 5.25

duadacY) de yuliMax
27.90 25.65 34.50 67.18 41.22 24.47 30.98
Velocity (cm/sec)

olall/ Agalae Y de )

2cY)
0.07 009 | 0.3 0.17 0.16 004 | 0.06 e
Vmax/Amax
(sec)
Lo gidll all Hasdl
0.33 043 | 0.37 0.49 0.41 093 | 0.76 el el

Acc RMS (m/sec2)
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ol sas
0.99 0.88 0.66 2.28 1.97 1.39 0.93 Arias Intensity
(cm/sec)
83seall 3211
1.43 1.54 1.23 2.63 2.26 2.84 211 Characteristic
Intensity
LaaS 5 dalladl) de yd)
771.00 | 584.00 | 492.00 | 1621.00 | 1642.00 | 504.00 | 441.00 | Cum. Abs. Velocity
(cm/sec)
Dsd BAG
111.00 98.00 | 110.00 | 204.00 167.00 57.00 74.00 Housner Intensity
(cm)
Syral) el Y g5l
2.17 2.13 2.49 2.30 2.13 2.74 2.53 Sustained Max Acc
(m/sec2)
Jladll apanail) &Ll
3.21 3.03 2.62 3.84 2.70 6.03 5.29 Effe Design Acc
(m/sec2)
Ghadyl | Jawsidl
Wl | Sl 7162y 7162x 6332y | 6332x | 4674y | 4674x | 1560y—
St Dev | Average
3.00 5.23 12.22 11.49 5.74 5.34 3.97 3.74 4.08
19.89 41.33 46.81 36.09 85.39 22.51 28.65 73.52 33.76
0.06 0.10 0.04 0.03 0.15 0.04 0.07 0.20 0.08
0.25 0.54 1.01 0.89 0.44 0.39 0.38 0.38 0.27
2.97 2.49 10.48 8.14 1.62 1.29 1.79 1.79 0.65
2.08 2.71 8.13 6.73 2.11 1.78 2.06 2.07 1.05
564 949 2033.00 | 1826.00 | 590.00 | 570.00 | 804.00 | 802.00 | 610.00
66.00 | 131.00 | 84.00 68.00 | 287.00 | 94.00 | 147.00 | 212.00 | 123.00
2.43 3.66 8.76 9.42 4.75 2.83 3.78 3.39 1.87
1.96 4.65 9.52 7.53 5.12 4.60 3.87 3.73 3.95

:Spectral Matching by Wavelets 3 2.l G\y&\ pladiuly Audal) glail) -2-3
Carg el dlae (B )She S0 sl a3l Jad) ias e TD scaling adylall o2a adiad

Jad) e wavelets

Sysa zlpel Ailaly @lly Cargll capanaill LlaiuN) Cada ae Alladll o Jsaaall
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dglall Aol 48 i A IS) & L ge Jandl Jaad e 35 0all oda Jaod Cas . aial) i)l
kg Adal)l Jad) e L localized  perturbation  acage (fusds ) s2% L ¢« spectral value
@A g of daadldl e dayhll oda a8 .[10] ( Lilhanand and Tseng. 1988 ).4; palall dlaiuy)
Sle a8 Al 3yall SOl (Sl Y el Jaudl spectral response dugall Alaiuy) 4d Joass
sl Jand)

s 2ny ) e sanall Aaill) G LSl alal) A G jialll () Jsanll e

TD Scaling aladiuly dagdall Ag¥) A ganall Lia)l) cladly Aalddl 550 cliahll (5) Jgsa
deganall Clans 350))
(1Set 1
=l g LalMax Acc
(m/sec2)
LualacY) e udMax

«—1560x | 414y 414x 290y 290x 126y 126x

3.83 2.95 3.00 2.84 2.91 4.34 4.43

35.60 28.97 | 42.95 | 50.85 | 35.94 | 30.34 | 38.45
Velocity (cm/sec)

bl LpakaeY) de )
0.09 0.10 0.14 0.18 0.12 0.07 0.09 ‘;AL.-.‘\J»
Vmax/Amax (sec)
Lossiall apiill 3l
Acc RMS (m/sec2)

0.44 0.44 0.44 0.39 0.38 0.76 0.68

ool B2
1.72 0.94 0.93 1.48 1.65 0.91 0.73 Arias Intensity

(cm/sec)

B yaall 2410
Characteristic Intensity
LaaS) ) dallaal) de yud)
1228.0 | 633.00 | 562.00 | 1314.0 | 1432.0 | 449.00 | 397.00 | Cum. Abs. Velocity

(cm/sec)

2.17 1.62 1.60 1.90 1.98 2.07 1.76

Diasd 3A4
Housner Intensity (cm)
Ijral alae ) g5l
2.96 2.44 2.70 1.87 2.22 3.19 2.76 Sustained Max Acc
(m/sec2)

Jlaill apenssil 5l
3.25 2.91 3.11 2.94 3.02 4.33 4.43 Effe Design Acc
(m/sec2)

132.00 | 123.00 | 138.00 | 156.00 | 131.00 | 89.00 | 91.00
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Ghad) | dawsidl

Wl | Al 7162y 7162x 6332y | 6332x | 4674y | 4674x | 1560y—

St Dev | Average
1.97 4.61 7.95 9.35 5.08 4.42 3.86 3.45 6.18
9.77 37.23 33.73 31.36 54.81 26.58 24.47 53.33 33.88
0.04 0.09 0.04 0.03 0.11 0.06 0.06 0.16 0.06
0.17 0.49 0.78 0.74 0.36 0.37 0.35 0.32 0.36
1.72 1.87 6.17 5.56 1.09 1.14 1.51 1.24 1.17
1.28 2.27 5.47 5.06 1.57 1.62 1.82 1.57 1.63

439.00 | 917.00 | 1678.00 | 1555.00 | 605.00 | 573.00 | 763.00 | 672.00 | 972.00
20.00 | 126.00 | 122.00 | 128.00 | 158.00 | 107.00 | 124.00 | 140.00 | 129.00
1.97 3.51 7.22 8.75 3.20 3.16 3.50 2.85 2.32
1.27 4.15 5.99 6.89 4.50 3.84 3.67 3.44 5.85

& lly Load 5V de sanall Al 0500 Ol dualad) Llanuy) Gl (5) JSal ey
alaa¥) ad sl Jlae 3 el oda JS bl o 8 € ClE jeda Cua cAiplall o3 aladinly Lpus
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000126
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22 — 000290 i
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16 — 004674 =
14! 2 &= 004674 —s
006332
124 —ts 006332 —
: (LA WA 007162
107"‘7 ’. X 007162
84 '.{_ﬁ%‘;\‘. '.‘ —
J IV Y
641 ,'",’v‘ N
s ’) \‘\fé;\ e
5 e | =
e T e ————— x = = —
: | O ————
(] 05 1 15 2 25 3 35
Period (sec)

.ciagl) Cikally TD Scaling alaiialy Auiall Lia)) cdlad) dlaiad Gl 1(5) Jsad

465

tABLLY g geilidl)
oy Ly Ay pudl Libaall (8 adlsall 3aY el cOlandl (e desana 15 Lasl anl) a3 Lucd

Jsmanll Cargy 4l aatl) Jalaill ¢ haly colina) aad ulal) jsal) aiaat 2 o amy e sl 250 ol i) o

c ol T (e )aAtl Dl oda (il L 5 aLdiaY) ad ol Jlas e
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EDlaadly ualall LI il (glanal) CEhai¥ly ¢ pbual) Jaussiall e Jseanll 8 ¢ axay
LS e sanall (4o de sana JSI @lldy cliaf Abiall el Aualally it lall DS Aladinly duyiall dai)l)
J9 Jaadia JS pill ey 2000 JCEY) 3 g o o) e ganall 32301 (5)¢(4)¢(3) Jshaadl b il Ly
Pl JS dad (& Cihrill 438 A5Gl aag B el

:Max Acc alicd) al) el -1

il (el a5 den o (ol Taisiall o8 (8 bl (6) dsaall o (6) IS oy
ASCE  idiyh; 4l eDlaudly Original ALY Ol e S0 AT dgn o alie 1 oY)
TD dsph 35 dupdall O,

11 FY
§ 1§ 7 Original (Average)
59 : o\ ——— ASCE (Average)
E % 3 — -+ TD (Average)
gv O T T e i e = S G TN Original (St Dev)
SEESEEEEEETgITH T ASCE(StD)
BB B S ESBEB B EEEEEE — —TD(StDev)
" O un un un un um
Lol ) gLl glaall CilaiYly lual) hugial 1(6) Jid)
i) ) el g laall GibadY) 5 alual) augiall 1(6) Jsi
Set(6) | Set(5) | Set(4) | Set(3) | Set(2) | Set(1) Max Acc (m/sec2)
5.293 | 5.036 | 5.348 | 5.520 | 4.764 | 5.181 Original (Average)
5.187 | 4.575 | 8.741 | 5.230 | 4.508 | 5.230 ASCE (Average)
4.700 | 4.346 | 4.722 | 4.759 | 4.264 | 4.613 TD (Average)
2.625 | 2.755 | 2.782 | 2.893 | 2.133 | 2.730 Original (St Dev)
10.69
ASCE (St Dev)
2.395 | 1.344 0 2.997 | 1.243 | 2.997
1.822 | 1.972 | 1.973 | 2.000 | 1.276 | 1.967 TD (St Dev)

Set(15) | Set(14) | Set(13) | Set(12) | Set(11) | Set(10) | Set(9) | Set(8) | Set(7)
5.092 | 5.000 | 5.404 | 5.576 | 4.778 | 4.731 | 5.014 | 4.508 | 4.647
5.123 | 4.600 | 5.363 | 5.787 | 4.345 | 4.466 | 4.552 | 4.358 | 4.516
4.342 | 4.343 | 4.719 | 4756 | 4.302 | 4.107 | 4.391 | 4.017 | 4.224
2704 | 2742 | 2.725 | 2.834 | 1.934 | 2.104 | 2.770 | 1.725 | 1.848
3.054 | 1.400 | 2.962 | 0.830 | 0.830 | 1.333 | 1.478 | 1.395 | 1.521
1.980 | 1.975 | 1.982 | 2.009 | 1.311 | 1.263 | 1.950 | 1.033 | 1.231
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