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Abstract

Near-field ground motions have a strong impact on structural response. In the near-
fault region, ground motions are far more intensive as they are being affected by
phenomena such as directivity and fling step. Even though the database of recorded
earthquake ground motions is being expanded continuously, recorded near-fault
ground motions, especially those exhibiting pulse motions, remain scarce. Thus, there
is a need to develop synthetic near-field ground motions. Of course, synthetic ground
motions need to be realistic, capturing the natural variability and important

characteristics of recorded near-field ground motions.

In this study, synthetic ground motions that have been produced were afterwards
applied to single degree of freedom (SDOF) and multiple degree of freedom (MDOF)
systems in order their results in terms of drifts, interstory drifts and shear forces, to be
compared with those of the original record.

The selected initial records came from the PEER NGA database and have been
characterized according to the methodology of Baker (2007) as pulse like. The
CROSS5NEW-5 computational code used to extract the pulses of each record. For
each of the initial record, seven synthetic records have been created. Those are
intended to have almost the same energy content as the initial one, approaching it
adequately in terms of displacements and forces.

After the synthesis of the artificial records, both the original and artificial applied to
a five-story reinforced concrete building of which the response has been investigated.
In particular, the building is subjected to seismic excitation of 25 original and their
corresponding artificial records, and afterwards convergence in terms of drifts,
interstory drifts and base shear forces are being compared. The dynamic time history
analysis of the examined structure has been performed through the SeismoStruct
software. Also, inelastic spectrum of single degree of freedom oscillators for 55

recordings has been computed via the CROSS5NEW-5 computational code.
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aUs Yamazaky (2003) "~ hUUs3U3s y3U0U Ue Usyoaoe
OidUGessaed U sUYegsatdd, f eg GUsd dyaUsd Udd
46%-50% e€UoUai UUy Ud U K HUs @5 eyaUdUspebal’ |
“"Otaseg 5 U 25 km. jJgUf Ue e83Uyas yj3 c0UUs
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GoaU 30U @6)o0deissysdlg Uuddoseyd o093elUsd deo
Gy dises 896i3UUs aY 8sU0d " Uy¥yYeUUyes H ¥vd f U
"Ujyaeued Uswyw dUalelsli " B egGU ~ Uy asitied U f Ues
Tov, Ue ~“aYUsd WUsg c¥wmodiUdA sbehmHWsUs UBgDBJ
"Uy Yoeadaesg “Jed Us jeoeU U Usg o¥dalUsgd 6
cGyJe3soe oUdgtUyydad eUU0Usi Usg ~Uecegi oYdU
"Ujy YoadaU Otse FHecUOcweesU 2. 14. "eg UessgasgdU

U Uzeodid UkpUiL” Uy Uey Uy} v3.

Parameter Abbreviation Methodology to obtain parameter
MNumber of significant pulses. N Mumber of half-cycle pulses in the welocity-time
history with amplitudes at least 507 of the peak

around welocity of the record.

Pulse perod. Ter For each half sine pulse, T,; =2 (f> —1,), wharo t
and t; are either the zero-crossing time, or the time
at which welocity is equal to 108 of the peak welocity
for the pulze if this time is significantly difforent than
the zero crossing time. T, comesponding to the

pulse with maximum amplitude iz the owerall
representative welocity pulse penod.

Predominant period from pseudo- T Penod comesponding to a clear and global peak in

welocity response spectra. - the pseudo-welocity response spectra at 5%
damping.

Pulze amplitude. A For each half sine pulse, the peak ground welocity in
the time intenal [f4,1a].

Peak ground welocity PHY Maximum wvelocity, defined by the maximum wvalue of
A ;. Note, howeower, that in very fow exceptions, the
maximum value of A; in the fault parallel direction
does not occur concurrently with the fault normal
pulse.

Ratio of fault parallel to fault PHV e Defined by the ratic of maximum A » divided by

nomal amplituds maximum 4 y, where the subscnpts P and N dencte
fault-parallel and fault-nomal motions respectively.

Time delay between fault normal for Time of initiation of fault parallel pulse minus the time

and fault parallel pulse of initiation of fault nomal pulse.

FceeU 2.14. BU;YeUU;es 659 68 68ald cydises 6o6i3lUs o5l
a93el0Uxy3 desUsseUsilicid ~Uacagi.

O3Ud U afd 66Uy Usllag sdacsfpdi Udkw3s ¢ "6 Ua 30U o9a3U
Udd eyostUdd 6} 9sesh3UsUd UUeci UqUUd PHV, Udd i
o9Us Usg Ujysdeasgi Uvs GdeUsUsoat 3 " Usaeit 3 GUd Us
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2.6.1. zwyo2908U0d e6y9ehaUsU UUeci UqUU PHV

¢ eyos0Ud 6} 9a6halied) WWesl Wl UU PIHVUE eyoUde d
U pGU0O0Gd U Uds Us0U0UsheUsd dyad aUs Usd Uu
B Somerville (19%%8)Usedy i b HIUDDJdzsys yals
12 " jeleecoepdddepdlUc); gqlhUUs3 U ealU UuBojUkesessce
g 6a2609l0ch UYaddoskaWalg UUci UqUUd GUd et 3d
oaUUUoelliyed ealUd cj qUabsliBeerddbtlad U GUBKiesoaY
aUBW HEAUUGHO rk@. GsU 3U U eglUgedseia 85 ed 4 (
eyoo0U0UddUds jbbehisWgl B og ¢l W s GUYGUsd, U sGUYD
3 km U geaaUalUdeaUs. ¢ "~ eUUsshelUsd Geyad Usg
IN(PHV) = -2.31 + 1.15 m1i 0.5 In(r), (2.1)
h eg r UasUs d o#63Us3shUU;d U palUGd U K Uds
Bs Al avi and Krawinkl er (2000) ) dqiseas @9l
Somerville (1998) "~ HRUUs3U3 e€aU "UyheesU Ga:
) 963 UsUd UUeci UqUU(J:
IN(PHV) =-5.11+1.59m 171 0.58 In(r) (2.2)

B Rodr-Mguek (2000) ~j UbeciliUBs gsaditastkss 6ot :
6} e3ayleeicdddgUd 25U 11 GUstGesayY -58ovdhiiUs 20
km aUs GUslesofy eiyo Bds dsm=»6 .00sd yos3Us 3Uc v
eUalUovofBs Ggssessa¥Y UU Uuvyidd. zU0UdbWads W@ U U
"38UvyddaU UasUs:

In(PHV)=a+bm+clin @2 +dd)+d+ G (2.3)
h - eg d UUeci UqUU €U0y sayUUs GU cm/ sec, UU a, b,
r UasUs d "96 963Ussze U pHOGUUGd GUgjWoesadlsU,s sm
hyeas Usg Ug see6i GlGYeaeUUs(.

FUe GceceelU 2.15. Ggooaja3e3UUs @95 ~ yMatdk UGU, dI
(2000), Somerville (1998) oaigmU Miadnizpddsd KHUa
UgaY3UUUs Ue eyoUded Ueg GUstedlid, eWHWe i U gl
ee3Uyoars g 6 eaeromoilicladid BgpeshsUsUd UUeci UqUU(J
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FceeU 2.15. Fioeyoald Uxs e63Uyars U¥s Somervil-le (199

Marek (2000) 95U Ues g easosleh Udd eyosaUdd ) 9eshsalUs

ed “~Uescagi T

C«

262.p00 heaegtU ~ Uy aws
Geh Udd “~Uypshtusg Uesg ~ Uec
"890aalUd GeyaUsd U H Us¥YlGeyegd Uy UgsdqUyd.
O Somerville (1998) "~ HUUs3U Uds Used Gcylc
logioTy = -2.5 + 0.425 m, (2.4)

sgU@isaUs dq " Ujyasetied Ueg eUosUeai UUyeg oi aaag
GUstGeci. EY) Ogwslsgomerville et al. (1999)
aUUUsesee Udd e6oealddidd ) dqisese 6913UUd ee63U
aUUyadasUs GUd deyld:
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logioTy = -3.0 + 0.5 m, (2.5)

¢ "Ujyaeused Uesg dJllselklbaiec WIbks 0 We 64 h3e 6aal
eU Ud Geyld:

Tv=2.2t (26)

Bs Al avi and Krawinkler (2000) HhyosaGUs Uds
"Ujyaelte Uesg GYGeUWaed ¢Udgipditig00¢Phd Hes 6 ol

o

Uas Us:
logioTvp = -1.76 + 0.31 m (2.7)
B Rodr-Mguek (2000) Usy UgaU Uds Ueshasgdd !
"Ueacagi:
In(TViji= a + dorlne.8y
h egild@sUs d "~ Ujaesltied Usg ~ Uscidlio t@dbp h odBHBE S
a aUs b Ua3Us " U} yYeUUPefdog Usgs UgoepeaUdidqe
B s Mavroeidis and Papageorgiou (2003), * } R U0Eg B3 ~ Uy Ua¥Ux Ue U
Geydd 95U Uess g easoslieh Udd "Uyshieg Usg U
logTe = -2.2 + 0.4 Mw (2.9)
gyasad, 6 Baker (200fydiaoBYzdslyd GeyUsd
g coacoolidf sldapgg " Useagi, oaUUyadaU GU0Uds Uszed 0

E [In Te] = -5.78 +1.02 M (2.10)

o -

Bs GeylGUsd 2.9 aUs 2.10 UsUaie3UUs UaUUszy Gl

ZUes GeeeU 2.0i60)958qUEBWaAUsi Uxs ~j3eUUsszfhel

Rodriguez-Marek, Somer vi | | e @

Marek (2000) 929U Uds UsWesdidoilyBeagadl; ofgaph!(
3 G0 GoyddiUs®alhll) Ugaa U aeibi ali 9elializa(

eUovyYalUd 095U GUstesrayY UsWoasgayh WU Uesh NUgUe Uds Uc

salU "jeei UUs U oa¥dU e63Uyaas U

Us Al avi and Krawinkl er

"Ujyasliaegs ~Uscet

“"Uyaeitie d 6
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FceelU 2.16. Fi ooy a0d UMar eske 3(U300B0Q) Reolllr Ug U z)” elhge 3 § a U
Somerville (1998) poB8UsUPaslidl aldbeandTKrawinkler (200
GYydeUUesd yUgueUUcgUeU¥ys T

B RodriguezzMar ek (200000dmss U} Chiyzyde Urs UVuUlGsal 3
Ujyasitie Uvxs “UJaeesell lBa yollksU UPUd Mary yilmss elssthUs G Ue O
2.17. 090 GUslGewdY doVdlgafplils ge Wyd ~Uaet 3 Uas
UsU0UsheUsd dyad bjyatalOUUs U yuUlGed U HUs

Pulse Period (s)

Moment Magnitude (Mw)

FeceeU 2. 17 6 gRodrigudzyMeacr elk (2000) 95U "d » huefb &@ypds Uldd 6 i
UutUlGoeoayd aUs bjyUcttilUsd GgasdeaUd Udd Us0U0UscheUsdd dyad
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2.6.3. J439dehd GdeUsUsat 3 “~Uaset 3

B Ujesdehd Urs GdeUsUsoait 3 "~ Uacgit 3 63 asl00U0s
"Uaet 3 UUci UdqUUg 'Gg y669g3 ~oaYUsd Ubdyaldrasp G U
OtUlseed oaasdldd. s U qu UsUaedadd Usgd aUeh
Usg JeoelUUsd. V¢~ rg’ ¥ G GoaU s8UxdUa U R us’
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o

UtdUGosoatL 3 o93elUy3 ac3Usszai ’0 ag6g

3.1. zyd&eeddd ageUUsltavys GielyaU U0 |
B Baker (2007) "~ hUUs30 eaU eydeltuas 95U U(q
OtUGsoat 3 o9s3elUrs o63Usszagi "0Ultaseg @85 @6 6a
UUeci UqUU(J, h vyd UgUyd “~eg @eGUaae3UUs GU0U(ds

"3 8lyo09090d 6)jdiosesg 6sUalUs d Us¥yYagld oageUUsu
"Useai UUci UqJUUg U KR ealU uUlleeysd UuUlGsoe
6y didsee 8s5UalUUs o90sU 30 UUzsszeedqdUa d saasdid
OtyYlegd dw Badlldysdiize ‘eUsefh e9o0)3ed UsYy aUs U
3v) adeyidlxe yWdegy d0ci UqJUUG oaUs ycUs egUo¥Yas Uiy
e 83 Ua 30 6ydioseege 689dqdUa U galU “addtj U GUs
h vyd GUds "~ sdUszeUsae scBzaVaghg GOSHAdIose U ea3
OdUGoesoeaed osas3dqldd oaUs GUd ed o) Ueesoe lgasUeosos

3.1.1. jJ3Yagld €U oageUUausU

o

ZUd eUayUd 2008)g BpWeeUUg s UalUs Us¥Yagid Ge
ageUUstlosvrs, f 6g UsYoehlUsU e i eUlboUllbgi . U U ssly 3" UJ 20
aUUUsedqUe d y3365U Uddg Usyeaegldd €U ageUUaltusU
e Uds UsYegld Fourier. ¢ UsYegld Fourier, o
deosUe3eUslit 3 oageYUxs, fH sgUeffdlUcwadld ogod&Uaa
Gge3ahUqUU. ¢ UsYogueld gdddyolhtsU Uyoai® Ullee U G0 oag
UsUes ase3UUs tsUsy;sUY GUes 63 h3ae oaUs UsUs
GgeseUelUxs. @GsU ed GUYlGoseU GeeUUU K ¥vd Uasl
omelUsd, UasUs U vGUeayd Us GeeU 30 Uas3Us ¥3
YydyeosteU GUYOosevys desUessasUsitiita agevYUvxs.
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M. Laocaiion Dute Mechanem* M. Siation Coge” {iom) Component’  cmieci  Eflectd
| Parkfield, CA, USA 27-Jun-66 83 620 Caz 3L 0.1 3N 75l H
1 Sam Femnanmdo, CA, USA %-Feb-71 BV 635 PCD HE 3.0 3N 1200 FI
3 Garli, USSR 17-May-Te BV 680 KAR iR 3.0 Rad a0 FD
4 Bucharest, Romania 04-Mlar-77 RY .27 BRI 3L 150 3N 749 H
5 Tabas. Iman 16-5ep-T8 BV T.11 TAB 5L 1.2 3P 172.0 FI
& Coyole Lake. CA, USA 8-Jun-T9 35 563 GAS iR 1.2 5N 415 FI
T Imperial Valley. CA, USA 15-0ict-79 88 6.50 EM 3L .0 3N 783 o
E05 3l 17 3N Q1s FI
El& 5L 03 3N 112.0 FD
EQT 3L 1.8 3N 1010 o
EMO 3L 12 3N 11540 H
8 Mexicali Valley, Mexico O-Jun-80 58 637 VCT 5L 3.0 3N T6.7 FD
9 Morgan Hill, CA. USA 4-Ape-84 83 615 HAL 3L 210 3N 33 H
I} Palm Springs, CA, USA 8-Jul-86 OB 6.0 NP5 5L or SR 410 5N T3% FI
DSP 5L 6.4 3N 01 FI
Il Whittier Narroas, CA, USA  10-Oct-87 RY 503 DOW 3L 16.4 3N 307 H
NWE 5L 157 3N il FI
12 Seperstition Hills, CA, USA  24-Nov-87 35 640 PTs ? 0.7 3N 10910 FI
ELC 3L 13.6 3N 520 o
13 Loma Prieta, CA, USA 17-Oct-89 OB 600 LGP HE 3.0 3N 10200 FI
5TG 5L 83 3N 564 FD
14 Sierra Madre, CA, USA 28-Jun-91 RY 556 C0G ¥ 9.4 Rad (flt) 15.3 o
15 Erzimcan, Turkey 13-hiar-92 88 6.63 ERZ 3L 1.0 N 952 H
16  Landars, CA, USA 28-Juan-92 58 720 LuC 5L 1.1 3N 114.0 FD
17 Morthridee, CA, USA 1 7-Jzn-24 RY 6.70 JFA 3L 52 3N 105,10 H
RES 5L 60 5N T30 FI
3CC 5L 5.l 3N 134.0 FI
SCH 3L 5.0 3N 1220 H
W3 5L 53 3N 1170 FI
I8 Aigion. Greece 15-Jan-935 NM 633 AEG 5L or SR 6.0 Long 40.9 FI
ARG L or SR 6.0 Tran 520 o
19 lzmit, Turkey 17-Ang-040 88 7.40 ARC iR 14.0 3N 443 H
SKR iR EN | P 0.3 T
YPT 3L 16 ap E7.8 PT
GBZ iR 1.0 N 414 H
GBE iR 1.0 P n1 PT
1 Chi-Chi, Taiwan i}-Bep-0A) O TE)  TCURS2 3L 0.8 3N 270.0 PT
TCUD6: 5L 02 3N 38010 PT
“LIC 5L & 3N 115.0 FI
TCUT4 EL 13 3N EB.0 H
TCULZ 5L 1.5 3N 680 FI
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1999 Izmit, Turkey Earthquake (M, =7.4) - Station YPT - SP Comp
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1995 Kobe, Japan Earthquake (M,,=6.8) - Station KOB - SN Comp
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logTe = -2.2 + 0.4 Mw (3.10)
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U0Ugdg3sUsafhUquUUJ.

(7]

(<B)

3.2.4. 0UGeUUsoayd osls5hUJUUYg Ueg UsUagUsoecsi ¢

zyaU U g Uds UsYagld Ueg eU0UUUGcdeUUslea

i
"Uyp Ue 00Uy sa1 3 eUal0U0L 3, U Usessasea3lUUs osaUs U
"Up00dyetUeigeesdUp U o63Ussei “~Uliaseg s0cGgy
eU0UGedeUUslehd Fourier Udd UUeci UJUUg Ueg U
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