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Abstract. The paper is presenting a new artificial time-histories generation model which uses 
spectrum compatible time-histories, created using a new envelope function that can be used in 
regions characterized by subduction earthquakes with long duration period and paucity of 
earthquake records data. The method has been implemented in a new computer-based platform 
for ground motion processing and selection. The platform is organized into three main modules 
as follows: Signal Processing is designed for data processing; it allows to open raw data 
downloaded from main databases all over the world acquiring the principal seismic 
parameters. Seismic Records Selection evaluates a set of spectra or time-histories data. Various 
attenuation laws and correlation models are implemented to compute the Conditional Mean 
Spectrum and the Predicted Mean Spectrum. Real time-histories can be selected and 
downloaded by PEER and ESMD databases using waveform matching, spectrum matching or 
energetic methods. A physics-based stochastic model is implemented for the generation of 
synthetic time-histories as well as a wavelet-based stochastic models for artificial time-
histories. Site Response Analysis concerns modelling the local site effects of the ground motion 
propagation using a hybrid approach based on an equivalent linear model. The soil behavior 
is modeled assuming that both shear modulus and damping ratio vary with shear strain 
amplitude. Hence, the hysteretic behavior of the soil is described using the shear modulus 
degradation and damping ratio curves. 
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1 INTRODUCTION 
7KH H[SRnHnWLaO LnFUHPHnW RI FRPSXWaWLRnaO SRZHU LV SURJUHVVLYHO\ PRYLnJ WKH VWaWH�RI�

SUaFWLFH Ln HaUWKTXaNH HnJLnHHULnJ WRZaUd WKH XVH RI d\naPLF nRn�OLnHaU WLPH KLVWRU\ anaO\VLV 
ZLWK UHVSHFW WR UHVSRnVH VSHFWUXP anaO\VLV� $OO WKHVH PHWKRdV nHHd aV SUHUHTXLVLWH WKH VHOHFWLRn 
RI a SURSHU VXLWH RI HaUWKTXaNH JURXnd PRWLRnV WR EH UHOLaEOH� ,n IaFW, aPRnJ aOO SRVVLEOH VRXUFHV 
RI XnFHUWaLnW\ �H�J�, VWUXFWXUaO PaWHULaO SURSHUWLHV, PRdHOOLnJ aSSUR[LPaWLRnV, dHVLJn and 
anaO\VLV aVVXPSWLRnV, HWF��, WKH VHOHFWLRn RI HaUWKTXaNH JURXnd PRWLRn KaV WKH KLJKHVW HơHFW Rn 
WKH YaULaELOLW\ RI WKH VWUXFWXUaO UHVSRnVH >�@ >�@ � 7ZR VHOHFWLRn FULWHULa aUH PaLnO\ XVHd IRU VXFK 
aLP� �L� UHVHaUFKHV EaVHd Rn SaUaPHWHUV REWaLnHd E\ dLVaJJUHJaWHd VHLVPLF Ka]aUd PaSV aW a 
VSHFLILF VLWH, VXFK aV WKH PaJnLWXdH, M, and WKH VRXUFH�WR�VLWH dLVWanFH, R, WKH VRLO W\SH, Vs30, 
WKH VRXUFH PHFKanLVP and WKH dXUaWLRn, �LL� UHVHaUFKHV EaVHd Rn VSHFWUaO PaWFKLnJ , VXFK aV 
dHVLJn FRdH VSHFWUXP �'6�, VHLVPLF VFHnaULR dHWHUPLnHd IURP a JURXnd PRWLRn SUHdLFWLRn 
UHOaWLRnVKLS �306� >�@, XnLIRUP Ka]aUd VSHFWUXP �8+6�, and FRndLWLRnaO PHan VSHFWUXP 
�&06� >�@� 8VLnJ '6 and 8+6 PLJKW EULnJ WR RYHU�VRIWHnLnJ and RYHUdaPSLnJ dXULnJ WKH 
anaO\VLV >�@� WKHUHIRUH, a PaWFKLnJ SURFHdXUH EaVHd Rn WKH &06 KaV EHHn dHYHORSHd and 
SUHVHnWHd IRU WKH ,WaOLan WHUULWRU\ Ln WKLV SaSHU� 7KH OaFN RI UHaO UHFRUdV Ln VHYHUaO aUHaV RI WKH 
ZRUOd OHadV WR FaVHV VWXdLHV ZKHUH LV nHFHVVaU\ UHVRUWLnJ WR aUWLILFLaO RU V\nWKHWLF WLPH�KLVWRULHV� 
7KUHH PHWKRdV KaYH EHHn LPSOHPHnWHd� aFFRUdLnJ WR WKH JUadH RI NnRZOHdJH, UHFRUdV Fan EH 
JHnHUaWHd VWaUWLnJ IURP �L� WKH WaUJHW VSHFWUXP, �LL� WKH VHLVPLF SaUaPHWHUV �M, R, Vs30�, �LLL� WKH 
JHRPHWULF VSUHadLnJ and Q IXnFWLRn� 7KH ORFaO VHLVPLF UHVSRnVH KaV EHHn PRdHOOHd XVLnJ an 
HTXLYaOHnW OLnHaU PRdHO, aVVXPLnJ WKaW ERWK WKH VKHaU PRdXOXV and WKH daPSLnJ UaWLR YaU\ ZLWK 
WKH VKHaU VWUaLn aPSOLWXdH� 6R, WKH K\VWHUHWLF EHKaYLRXU RI WKH VRLO LV dHVFULEHd XVLnJ WKH VKHaU 
PRdXOXV dHJUadaWLRn and daPSLnJ UaWLR FXUYHV� $ OaUJH nXPEHU RI FRPSXWHU SURJUaPV, SXEOLF 
and FRPPHUFLaO, aUH aYaLOaEOH aW WKH 2EVHUYaWRULHV and 5HVHaUFK )aFLOLWLHV IRU (XURSHan 
6HLVPRORJ\ �25)(86� daWa FHnWHU�, VXFK aV 60$576 ���, 6KaNH���, ',0$6, and 3LFN(Y 
����, and aW WKH 3aFLILF (aUWKTXaNH (nJLnHHULnJ UHVHaUFK FHnWHU�, VXFK aV 6,04.(�, and 
6,04.(�,,� 0RVW RI H[LVWLnJ SXEOLF VLJnaO SURFHVVLnJ VRIWZaUH aUH dHYHORSHd WR anaO\VH a 
VLnJOH VHLVPLF HaUWKTXaNH UHFRUd aW a WLPH �H�J�, 6HLVPRVLJnaO ± aYaLOaEOH aW 
KWWS���VHLVPRVRI�FRP�RU YLHZ ZaYH aYaLOaEOH aW 
KWWS���LLVHH�NHnNHn�JR�MS�VWaơ�NaVKLPa�YLHZZaYH�KWPO�� )RU PXOWLSOH UHFRUdV anaO\VLV, 
FRPPHUFLaO VRIWZaUH aUH nHHdHd, VXFK aV %LVSHF >�@, EXW WKH\ KaYH WKH LnFRnYHnLHnW WKaW WKH\ 
aUH nRW IUHHO\ aYaLOaEOH Ln WKH PaUNHW� ,HUYROLnR HW aO� >�@ dHYHORSHd a 0aWOaE�EaVHd VRIWZaUH 
FaOOHd 5(;(/, ZKLFK aOORZV JURXnd PRWLRn VHOHFWLRn XVLnJ WKH ,WaOLan daWaEaVH, ,WaFa >�@� 
KRZHYHU, WKH SURSRVHd VRIWZaUH LV nRW aEOH WR SHUIRUP PXOWLSOH VLJnaO SURFHVVLnJ and LW LV nRW 
aEOH WR EXLOd WKH &06 Rn WKH ,WaOLan WHUULWRU\ aXWRPaWLFaOO\, E\ XVLnJ aV LnSXW WKH *,6 
FRRUdLnaWHV� 6LPLOaU VRIWZaUH KaYH aOVR EHHn dHYHORSHd E\ &RULJOLanR HW aO� >�@ ZKR LPSOHPHnW 
a VRIWZaUH FaOOHd $6&21$ IRU WKH VHOHFWLRn RI FRPSaWLEOH naWXUaO JURXnd PRWLRnV� 5HFHnWO\, 
aOVR .aWVanRV and 6H[WRV >�@ dHYHORSHd a 0aWOaE�EaVHd VRIWZaUH HnYLURnPHnW LnWHJUaWLnJ ILnLWH 
HOHPHnW anaO\VLV ZLWK HaUWKTXaNH UHFRUdV VHOHFWLRn ZKLFK ZRUNV ZLWK WKH 3((5 daWaEaVH� 7KH 
SUHVHnWHd SOaWIRUP LnFOXdHV Pan\ IHaWXUHV, ZKLFK aUH nRW aYaLOaEOH Ln WKH SURJUaPV PHnWLRnHd 
aERYH� VLJnaO SURFHVVLnJ, VRLO UHVSRnVH anaO\VLV, WKH FRPSXWaWLRn RI WKH &RndLWLRnaO 0Han 
6SHFWUa� 7KLV SaSHU SUHVHnWV WKH aSSOLFaWLRn RI &06 Ln a FOaVVLF SRZHU VSHFWUXP�EaVHd PRdHO 
ZLWK WKH LnnRYaWLRn RI UandRP HnYHORSH IXnFWLRnV Ln RUdHU WR JHnHUaWH VSHFWUXP�FRPSaWLEOH 
JURXnd PRWLRnV�  7KH PHWKRd KaV EHHn aSSOLHd Ln a VRIWZaUH FaOOHd 23(16,*1$/ >��@ IRU 
SURFHVVLnJ and VHOHFWLRn RI VHLVPLF UHFRUdV, IUHHO\ aYaLOaEOH aW WKH IROORZLnJ OLnN� 

KWWS���aUHHZHE�SROLWR�LW�ULFHUFa�,&5('�6RIWZaUH�2SHn6LJnaO�SKS 
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2 SIGNAL PROCESSING 

)LJXUH � 6LJnaO 3URFHVVLnJ ZLndRZ� 

0an\ JURXnd PRWLRn SaUaPHWHUV, VXFK aV SHaN dLVSOaFHPHnWV and YHORFLWLHV, aUH XVHd RIWHn 
Ln dLơHUHnW ILHOd RI HaUWKTXaNH and JHRWHFKnLFaO HnJLnHHULnJ >��@� KRZHYHU, WKHLU YaOXHV aUH 
aơHFWHd E\ WKH nRLVH RI WKH HaUWKTXaNH JURXnd PRWLRn� 7KH LnÀXHnFH RI nRLVH Ln JURXnd PRWLRn 
UHFRUdV LV HYLdHnW aW ORZ and KLJK IUHTXHnFLHV ZKHUH WKH VLJnaO�WR�nRLVH UaWLR LV XVXaOO\ ORZHU 
FRPSaUHd WR WKH PLd VSHFWUXP� 7KHn, ILOWHULnJ RSHUaWLRnV EHFaPH WKH SULPaU\ WRRO IRU FRUUHFWLnJ 
WKH JURXnd PRWLRn UHFRUdV and FRnVHTXHnWLaOO\ LW KaV EHFRPH VWandaUd SUaFWLFH WR FXW ORZ and 
KLJK IUHTXHnFLHV E\ ORRNLnJ aW WKH VSHFWUa RI WKH )RXULHU aPSOLWXdH VSHFWUa and WKH VLJnaO�WR�
nRLVH UaWLR� 7KH %XWWHUZRUWK ILOWHU LV WKH PRVW XVHd Ln VHLVPLF aSSOLFaWLRnV and LW LV dHVLJnHd WR 
KaYH a ÀaW IUHTXHnF\ UHVSRnVH Ln WKH SaVV�Eand UanJH, ZKLOH LW LV HTXaO WR � Ln WKH VWRS�Eand 
UanJH� $naO\WLFaOO\, WKH IUHTXHnF\ UHVSRnVH aPSOLWXdH RI WKH %XWWHUZRUWK ILOWHU LV JLYHn E\  

ȁܪሺ߱ሻȁ ൌ 1

ට1 ൅ ቀ߱߱௖ቁ
ଶே ��� 

ZKHUH Ȧ LV WKH JHnHULF anJXOaU IUHTXHnF\, Ȧc UHSUHVHnWV WKH FXW�Rơ IUHTXHnF\, and N LV WKH 
RUdHU RI WKH ILOWHU� 7KH VRXUFH RI WKLV HUURU aV PHnWLRnHd aERYH, LV JHnHUaWHd E\ WKH KLJK and 
ORZ IUHTXHnF\ nRLVH ZKLFK FRnWaPLnaWHV WKH VLJnaO� %aVHOLnH FRUUHFWLRnV Fan EH aSSOLHd XVLnJ 
dLơHUHnW WHFKnLTXHV, Ln WKH WLPH dRPaLn WR UHPRYH XnZanWHd WUHndV and Ln WKH IUHTXHnF\ 
dRPaLn WR UHPRYH XnZanWHd IUHTXHnFLHV� ,n WKH IUHTXHnF\ dRPaLn, WKH nRLVH LV PRVW HaVLO\ 
UHPRYHd E\ WKH XVH RI a EandSaVV ILOWHU, OLNH WKH ORZ�SaVV ILOWHU ZKLFK LV VHW XS WR YaOXHV ����� 
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,n addLWLRn, WKH HIIHFW RI aOLaVLnJ Fan EH HOLPLnaWHd E\ ILOWHULnJ WKH RULJLnaO JURXnd PRWLRn 
EH\Rnd WKH 1\TXLVW IUHTXHnF\ ����� +]�� ,n PRVW RI WKH daWaEaVHV, JURXnd PRWLRn UHFRUdV aUH 
aOUHad\ ILOWHUHd, EXW WKHUH PLJKW EH FaVHV Ln ZKLFK VRPH UHFRUdV aUH XnILOWHUHd and Ln WKaW FaVH, 
WKH ILOWHULnJ RSWLRn Ln WKH HnYLURnPHnWaO SOaWIRUP Fan EH XVHd� Error� Reference source not 
found. VKRZV Signal Processing ZLndRZ RI FRPSXWHU HnYLURnPHnW� 7KH nXPEHU LdHnWLILHV WKH 
VWHSV WR EH IROORZHd Ln RUdHU WR REWaLn a FRUUHFW SURFHVVLnJ SURFHdXUH and WKH\ aUH VXPPaUL]Hd 
EHORZ� 

�� ,PSRUW WKH UHFRUd ZLWK ³2SHn´ RU LnVHUW WKH naPH�daW RI WKH ILOH� 
�� 6HOHFW WKH FRUUHFW daWaEaVH� 
�� 3XVK ³5Had´ IRU UHadLnJ WKH ILOH and H[WUaFWLnJ RI WKH PaLn LnIRUPaWLRn� 
�a� 6HOHFW WKH PHaVXUH XnLWV IRU WKH aFFHOHUaWLRnV� 
�E� 7LS WKH ³%andSaVV and %andVWRS´ IRU ILOWHULnJ WKH VLJnaO� 
�� 3XVK ³9LHZ´ IRU ORadLnJ WKH aFFHOHUaWLRn KLVWRU\ and SORWWLnJ WKH VLJnaO SURSHUWLHV and WKH 

WLPH KLVWRULHV�  
,n WKH Input Data Format �XSSHU OHIW�, WKH UHFRUdV aUH XSORadHd and UHad aXWRPaWLFaOO\ IRU 

WKH VHOHFWHd JURXnd PRWLRn daWaEaVHV �3((5, (60', 8&+,/( and ,7$&$� RU XVLnJ WKH RSWLRn 
³IUHH IRUPaW�´ 7KH %XWWHUZRUWK ILOWHU E\ PRdLI\LnJ Fan EH VHW aFFRUdLnJ WR PLnLPXP IUHTXHnF\, 
fmin, Pa[LPXP IUHTXHnF\, fmax, and RUdHU, n� 7KH HơHFW RI WKH ILOWHU LV VKRZn Ln Time Histories 
SanHO ZKHUH WKH WLPH KLVWRULHV RI aFFHOHUaWLRnV, YHORFLWLHV, and dLVSOaFHPHnWV, ERWK ILOWHUHd and 
XnILOWHUHd aUH dLVSOa\Hd� ,n WKH Signal Analysis EORFN �ORZ ULJKW FRUnHU Ln )LJXUH ��, WKH PaLn 
SaUaPHWHUV RI HaUWKTXaNH UHFRUdV �H�J�, SHaN JURXnd aFFHOHUaWLRn, YHORFLW\ and dLVSOaFHPHnW, 
dXUaWLRn, HWF�� ERWK SHaN and URRW PHan VTXaUH YaOXHV aUH FaOFXOaWHd and VaYHd ERWK IRU ILOWHUHd 
and XnILOWHUHd daWa� $ULaV ,nWHnVLW\ and )RXULHU 7UanVIRUP JUaSKV aUH SORWWHd Ln VSHFLILF IUaPHV 
� )LnaOO\, aOO SURFHVVHd daWa and UHFRUdV Fan EH H[SRUWHd Ln RWKHU FRPPRn IRUPaWV, VXFK aV 06 
([FHO and W[W �ERWWRP OHIW Ln )LJXUH ��� 

2.1 ResSonse SSectral Analysis 
2nFH WKH VHW RI JURXnd PRWLRnV aUH VHOHFWHd and ILOWHUHd, WKH (OaVWLF 5HVSRnVH 6SHFWUa 

�aFFHOHUaWLRn, YHORFLW\, dLVSOaFHPHnW, HWF�� Fan EH FRPSXWHd IRU a JLYHn YaOXH RI daPSLnJ UaWLR� 
)XUWKHUPRUH, WKH PHan and PHdLan aFFHOHUaWLRn UHVSRnVH VSHFWUa RI WKH XSORadHd VHW RI UHFRUdV 
ZLWK WKH aVVRFLaWHd UanJH RI dLVSHUVLRn ��ı� Fan EH aOVR HYaOXaWHd and SORWWHd XVLnJ aOVR ORJ 
and VHPL�ORJ VFaOHV� 
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)LJXUH � &RPSXWaWLRn RI &06 Ln ,WaOLan WHUULWRU\� VFHnaULR SaUaPHWHUV SanHO aOORZV LWV FRPSXWaWLRn aFFRUdLnJ WR 
*,6 FRRUdLnaWHV� &06 IRU RWKHU FRXnWULHV LV aYaLOaEOH ZLWK VHYHUaO aWWHnXaWLRn OaZV and FRUUHOaWLRnaO PRdHOV 

>��@>��@� 

3 TARGET SPECTRA 
'LơHUHnW W\SHV RI WaUJHW VSHFWUXP Fan EH dHILnHd dXULnJ WKH JURXnd PRWLRn VHOHFWLRn SURFHVV� 

7KH dHVLJn VSHFWUXP �DS� Fan EH HYaOXaWHd aFFRUdLnJ WR WKH ,WaOLan VHLVPLF VWandaUdV, WKH 17& 
���� >��@ IRU an\ SRLnW Ln WKH ,WaOLan WHUULWRU\, RnFH WKH SaUaPHWHUV aUH dHILnHd �H�J�, nRPLnaO 
OLIH, VRLO FaWHJRU\, daPSLnJ UaWLR, RYHU VWUHnJWK IaFWRU T WR dHVFULEH WKH LnHOaVWLF EHKaYLRXU, HWF��� 
$ddLWLRnaOO\, WKH DS aFFRUdLnJ WR WKH (XURSHan VHLVPLF VWandaUd, (&� >��@, and WR WKH 86 
VWandaUdV >��@ Fan EH HYaOXaWHd LnVHUWLnJ WKH SURSHU SaUaPHWHUV� )XUWKHUPRUH, WKH SOaWIRUP 
aOORZV HYaOXaWLnJ IRU a JLYHn SUREaELOLW\ RI H[FHHdanFH WKH UHS, and WKH 3UHdLFWHd 0Han 
6SHFWUXP �PMS� XVLnJ dLơHUHnW JURXnd PRWLRn SUHdLFWLRn HTXaWLRnV �*03(�, ZKLFK aUH 
FXUUHnWO\ aYaLOaEOH� $PEUaVH\V HW aO�, &aPSEHOO and %R]RUJnLa, %RRUH and $WNLnVRn, and &KLRX 
and <RXnJV >�@>��@>��@>��@� 7ZR addLWLRnaO aWWHnXaWLRn OaZV KaYH EHHn UHFHnWO\ LnVHUWHd WR 
dHILnH WKH CMS IRU &KLOHan VLWHV >��@ and WKH 5HJLRnaO ,ndLan aWWHnXaWLRn HTXaWLRnV IRU ,ndLan 
VLWHV >��@� +RZHYHU, WKH nRYHOW\ RI WKH SURSRVHd V\VWHP aUFKLWHFWXUH LV WKaW LW aOORZV HYaOXaWLnJ 
WKH &06 >��@>��@ IRU WKH ILUVW WLPH Rn WKH HnWLUH ,WaOLan WHUULWRU\ aXWRPaWLFaOO\ NnRZLnJ WKH *,6 
FRRUdLnaWHV �)LJXUH �� and Ln an\ RWKHU VLWH ZRUOdZLdH NnRZLnJ WKH SURSHU SaUaPHWHUV� 

4 REAL TIME�HISTORIES SELECTION 
*URXnd PRWLRn VHOHFWLRn and VFaOLnJ SURFHdXUHV aUH aSSOLHd Ln RUdHU WR REWaLn a VHW RI 

PRWLRnV WKaW aUH XVXaOO\ XVHd Ln d\naPLF HOaVWLF and HYHn nRn�OLnHaU UHVSRnVH KLVWRU\ anaO\VLV� 
7KH SURSRVHd IUaPHZRUN UHWULHYHV UHFRUdV IURP WKH 3((5�1*$ VWURnJ PRWLRn daWaEaVH �3((5 
± aYaLOaEOH aW KWWS���nJaZHVW��EHUNHOH\�HdX��, WKH (XURSHan VWURnJ PRWLRn daWaEaVH �(60' ±
aYaLOaEOH aW KWWS���ZZZ�LVHVd�KL�LV�(6'B/RFaO�IUaPHVHW�KWP�� 7KUHH VHOHFWLRn FULWHULa aUH 
aYaLOaEOH� :aYHIRUP 0aWFKLnJ, 6SHFWUaO 0aWFKLnJ, (nHUJHWLF FULWHULa�  
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:aYHIRUP 0aWFKLnJ Fan EH REWaLnHd VHOHFWLnJ VRPH VSHFLILF VHLVPRORJLFaO SaUaPHWHUV 
REWaLnHd E\ WKH dLVaJJUHJaWHd VHLVPLF Ka]aUd PaSV aW a VSHFLILF VLWH, VXFK aV WKH PRPHnW 
PaJnLWXdH, 0Z, WKH IaXOW dLVWanFH RU -R\nHU±%RRU dLVWanFH �5 RU 5-%, H[SUHVVHd Ln NLORPHWHU�, 
WKH IaXOW PHFKanLVP, WKH VRLO W\SH aFFRUdLnJ WR (&�, and WKH ZaYHIRUP SaUaPHWHUV �H�J�, SHaN 
JURXnd aFFHOHUaWLRn, SHaN JURXnd YHORFLW\, SHaN JURXnd dLVSOaFHPHnW�� 

6SHFWUaO 0aWFKLnJ UHTXLUHV an addLWLRnaO VWHS, WKH dHILnLWLRn RI WKH WaUJHW VSHFWUXP and WKH 
W\SH RI PaWFKLnJ WR EH FaUULHd RXW� 7KH FXUUHnW aYaLOaEOH RSWLRnV Ln WKH SOaWIRUP aUH WKUHH� �L� 
6LnJOH SHULRd, �LL� 0XOWL SHULRdV �XS WR WKUHH YaOXHV�, and �LLL� 0Han 'HYLaWLRn� $ VHOHFWHd 
SHUFHnWaJH HUURU LV dHILnHd Ln aOO FaVHV WR YaU\ WKH nXPEHU RI HaUWKTXaNHV VHOHFWHd� 7KH VHFRnd 
VWHS LV WKH VHOHFWLRn RI WKH 7aUJHW 6SHFWUXP aPRnJ WKH &06, WKH '6, WKH 8+6, WKH 306, RU an\ 
8VHU 'HILnHd �8'6� UHVSRnVH VSHFWUXP� $IWHU WKH VHOHFWLRn RI WKH WaUJHW VSHFWUXP, WKH VHaUFK 
RI WKH UHFRUdV EHWZHHn WKH JURXnd PRWLRn daWaEaVHV aYaLOaEOH Ln WKH FRPSXWHU HnYLURnPHnW LV 
SHUIRUPHd� %RWK KRUL]RnWaO and YHUWLFaO FRPSRnHnWV RI JURXnd PRWLRn Fan EH FRnVLdHUHd Ln 
ERWK UHVHaUFK PHWKRdV� 6SHFWUXP�FRPSaWLEOH UHFRUdV Fan EH ORFaWHd aPRnJ WKH OaVW UHVHaUFK Rn 
:aYHIRUP PaWFKLnJ� 

� S<NTHETIC TIME�HISTORIES SELECTION 
7KH FRPELnaWLRn RI VHLVPRORJLFaO PRdHOV RI WKH VSHFWUaO aPSOLWXdH RI JURXnd PRWLRn ZLWK 

WKH HnJLnHHULnJ nRWLRn WKaW KLJK�IUHTXHnF\ PRWLRnV aUH EaVLFaOO\ UandRP >��@ LV WKH EaVLV RI 
SMSIM FRdH� )ROORZLnJ WKH JHnHULF IRUPXOaWLRn SURSRVHd Ln >��@, WKH WRWaO VSHFWUXP RI WKH 
PRWLRn aW a VLWH Fan EH dLYLdHd LnWR FRnWULEXWLRnV IURP HaUWKTXaNH VRXUFH �E�, SaWK �P�, VLWH �G� 
and W\SH RI PRWLRn �I�� 

 
ܻሺܯ଴ǡ ܴǡ ݂ሻ ൌ ଴ǡܯሺܧ ݂ሻܲሺܴǡ ݂ሻܩሺ݂ሻܫሺ݂ሻ ��� 

5HIHUULnJ WR >��@ IRU dHWaLOHd LnIRUPaWLRn aERXW WKH PHanLnJ and IRUPXOaWLRn RI HaFK 
FRnWULEXWH, )LJXUH � LOOXVWUaWHV WKH ZLndRZ RI VHOHFWLRn RI LnSXW SaUaPHWHUV�  %HWa LV WKH VKHaU�
ZaYH YHORFLW\ Ln WKH YLFLnLW\ RI WKH VRXUFH� *HRPHWULF VSUHadLnJ LV UHSUHVHnWHd E\ WKUHH OLnHaU 
VHJPHnW, dHVFULEHd E\ WKUHH VORSHV and WZR SRLnWV Ln FRPPRn� 6SHFWUXP FRnWURO LV FRnWUROOHd 
E\ WKH FKRLFH RI VRXUFH W\SH �VLnJOH RU dRXEOH FRUnHU�, 6LJPa LV WKH VWUHVV dURS UHOaWHd WR WKH 
PaJnLWXdH 0U and 0I WKH dHULYaWH RI ORJ�VLJPa� ZLWK UHVSHFW WR PaJnLWXdH, IE�Ia LV WKH UaWLR 
EHWZHHn FRUnHU IUHTXHnFLHV� 7KH ZKROH SaWK�aWWHnXaWLRn LV JLYHn E\ a SLHFHZLVH FRnWLnXRXV VHW 
RI WKUHH VWUaLJKW OLnHV Ln ORJ 4 and ORJ I VSaFH �V� and V� aUH WKH VORSHV RI ILUVW and WKLUd OLnHV 
WKaW KaYH YaOXHV 4U� and 4U� aW IUHTXHnFLHV IU� and IU�, IW� and IW� aUH WKH WUanVLWLRn 
IUHTXHnFLHV�� :Ia and :IE dHILnHV WKH ZHLJKW RI Ia and IE FRnFHUnLnJ WKH VRXUFH dXUaWLRn� 7KH 
dLPLnXWLRn IaFWRUV UHJaUd WKH aSSOLFaWLRn RI a ILOWHU�  3aUaPHWHUV IRU :HVWHUn 1RUWK $PHULFa 
and (aVWHUn 1RUWK $PHULFa aUH XSORadHd and aYaLOaEOH E\ dHIaXOW� 7KH VLWH aPSOLILFaWLRn LV 
IL[Hd ZLWK a JHnHULF IRUPXOaWLRn IRU JHnHULF URFN VLWH� $n aUELWUaU\ nXPEHU RI LndHSHndHnW 
7LPH�KLVWRULHV Fan EH JHnHUaWHd� IRU HaFK WLPH�KLVWRU\, VHYHUaO SaUaPHWHUV aUH FRPSXWHd and 
dLVSOa\Hd �H�J� YHORFLW\, dLVSOaFHPHnW, )RXULHU aPSOLWXdH, $ULaV LnWHnVLW\��   
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)LJXUH � 5HTXLUHd SaUaPHWHUV IRU JHnHUaWLRn RI V\nWKHWLF WLPH�KLVWRULHV�  

� ARTIFICIAL TIME�HISTORIES SELECTION 

�.1 WaYelet�based method 
7KH dHFRPSRVLWLRn RI JURXnd PRWLRn WLPH�KLVWRULHV LnWR ZaYHOHW SaFNHWV and WKH 

UHFRnVWUXFWLRn RI WLPH�KLVWRULHV IURP ZaYHOHW SaFNHWV KaV EHHn aSSOLHd Ln WKH FUHaWLRn RI a 
VWRFKaVWLF JURXnd�PRWLRn PRdHO >��@� 7KH ZaYHOHW SaFNHW LV dHILnHd aV 

 

௝ܿǡ௞
௜ ൌ න ሻ߰௝ǡ௞௜ݐሺݔ ሺݐሻ݀ݐ

ஶ

ିஶ
 ��� 

7KH LnYHUVH ZaYHOHW SaFNHW LV 
 

ሻݐሺݔ ൌ෍ ෍ ௝ܿǡ௞
௜

ଶಿషೕ

௞ୀଵ

ଶೕ

௜ୀଵ
߰௝ǡ௞௜ ሺݐሻ ��� 

(PSOR\LnJ WZR JURXSV RI ZaYHOHW SaFNHWV, �� SaUaPHWHUV TXanWLI\ WLPH and IUHTXHnF\ 
FKaUaFWHULVWLFV RI WKH aFFHOHUaWLRn WLPH KLVWRULHV� 6XFK SaUaPHWHUV aUH SUHdLFWHd aV a IXnFWLRn RI  
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)LJXUH � :LndRZ RI JHnHUaWLRn RI aUWLILFLaO WLPH�KLVWRULHV� 6\nWKHWLF WLPH�KLVWRULHV VKaUH a FRLnFLdHnW Oa\RXW 
ZLWK IHZ dLIIHUHnFHV Ln WKH ,1387 '$7$ SanHO� 

IRXU SUHdLFWRU YaULaEOHV� WKH PRPHnW PaJnLWXdH �0Z�, WKH K\SRFHnWUaO dLVWanFH �5K\S�, UXSWXUH 
dLVWanFH �5UXS�, and aYHUaJH VKHaU�ZaYH YHORFLW\ ZLWKLn �� P dHSWK �96���� ,n WXUn, WKH 
SUHdLFWRU YaULaEOHV aUH REWaLnHd E\ a WZR�VWaJH UHJUHVVLRn anaO\VLV� ,n <aPaPRWR >��@ LW KaV 
EHHn SURSRVHd a UanJH RI YaOXHV WKaW SURYLdHV a JRRd PaWFK IURP WKH *03(V� WKRVH YaOXHV aUH 
UHSRUWHd and UHFRPPHndHd LnVLdH WKH FRdH� $V Ln V\nWKHWLF WLPH�KLVWRULHV, WKH JHnHUaWLRn RI 
LndHSHndHnW WLPH�KLVWRULHV LV XnOLPLWHd and WKH VLJnaO SURFHVVLnJ LV anaORJRXV �)LJXUH ��� 

�.2 Power sSectral density based method 
6SHFWUXP�FRPSaWLEOH JURXnd PRWLRnV aUH JHnHUaWHd E\ WKH SRZHU VSHFWUaO dHnVLW\ 36', 

ZKLFK LV UHOaWHd WR a WaUJHW VSHFWUXP >��@� 

ሺ߱௡ሻܦܵܲ ൌ
1

߱௡ ቀ 4߫ߨ െ 1ቁ
ቆ ߱௡

ଶܵ௏ଶ
௦ǡ௣ଶݎ

െ න ሺ߱௡ሻ݀߱ܦܵܲ
ఠ೙

଴
ቇ
ଵȀଶ

 ��� 

ZKHUH ߱௡ LV WKH naWXUaO SXOVH, ݎ௦ǡ௣ LV WKH SHaN IaFWRU IRU a JURXnd PRWLRn RI dXUaWLRn s and 
SUREaELOLW\ p, ߫ LV WKH daPSLnJ IaFWRU� 5HIHUULnJ WR >��@ IRU dHWaLOHd LnIRUPaWLRn aERXW WKH 
IRUPXOaWLRn RI SHaN IaFWRU, 36' Fan EH XVHd IRU JHnHUaWLRn RI VWaWLRnaU\ WLPH�KLVWRULHV� 

௡ሺ߱௡ሻܣ ൌ ඥ2ܲܵܦሺ߱௡ሻȟ߱ ��� 

ሻݐሺݖ ൌ ෍ܣ௡���ሺ߱௡ݐ ൅ ߶௡ሻ
௡

 ��� 

$ VWaWLRnaU\ JURXnd PRWLRn LV REWaLnHd E\ VXPPLnJ VHYHUaO VLnH IXnFWLRnV ZLWK a UandRP 
SKaVH nφ , ZKLFK SURYLdHV LndHSHndHnFH aPRnJ VHYHUaO JHnHUaWHd JURXnd PRWLRnV� 1Rn� 
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)LJXUH � 7ZR H[aPSOHV RI LPSOHPHnWHd UandRP HnYHORSH IXnFWLRnV� 7KH\ aUH JHnHUaWHd E\ UandRP VKLIWLnJ and 

VFaOLnJ WKH VHFRnd FXUYH Ln a VHOHFWHd UanJH and RYHUaOO VFaOLnJ RI WKH ZKROH IXnFWLRn� 

VWaWLRnaULW\ LV aFKLHYHd E\ an HnYHORSH IXnFWLRn I(t) PXOWLSOLHd IRU WKH VWaWLRnaU\ WLPH�KLVWRU\� 
7KH nRYHOW\ RI WKH SURFHdXUH LV a FRdH JHnHUaWLnJ HnYHORSH IXnFWLRnV �)LJXUH �� IURP 
RYHUOaSSLnJ WZR RU PRUH 6aUaJRnL and +aUW IXnFWLRnV >��@ Ln RUdHU WR WaNLnJ LnWR aFFRXnW WKH 
UandRP VKaSH RI UHaO JURXnd PRWLRnV�  $ SURFHVV RI LWHUaWLYH adMXVWPHnW LPSURYHV WKH VSHFWUaO 
PaWFKLnJ E\ 

ሺ߱௡ሻ௜ାଵܦܵܲ ൌ ሺ߱௡ሻ௜ܦܵܲ ቆ
ܵ௏
ܵ௏௜
ቇ
ଶ
 ��� 

6XFK SURFHdXUH LV LPSOHPHnWHd LnWR WKH VRIWZaUH E\ VHOHFWLnJ WKH WaUJHW aPRnJ WKH aYaLOaEOH 
VSHFWUa ZLWK a VLJnaO�SURFHVVLnJ HTXaO WR RWKHU V\nWKHWLF and aUWLILFLaO PRdHOV, SURYLdLnJ a 
XVHIXO WRRO IRU JHnHUaWLnJ UHaOLVWLF VSHFWUXP�FRPSaWLEOH WLPH�KLVWRULHV �H�J� UHJLRnV ZLWK 
XndHUVL]Hd VRXUFH daWaEaVHV�� 

� SITE RESPONSE ANAL<SIS 
7KH SURSRVHd PHWKRd XVHV an HTXLYaOHnW OLnHaU PRdHO �K\EULd aSSURaFK�, ZKLFK dHVFULEHV 

WKH VRLO EHKaYLRU aVVXPLnJ WKaW ERWK WKH VKHaU PRdXOXV and WKH daPSLnJ UaWLR YaU\ ZLWK WKH 
VKHaU VWUaLn aPSOLWXdH� 7KHUHIRUH, WKH K\VWHUHWLF EHKaYLRU RI WKH VRLO LV dHVFULEHd XVLnJ WKH VKHaU 
PRdXOXV dHJUadaWLRn FXUYH �* � Ȗ� and WKH daPSLnJ UaWLR FXUYH �ȟ � Ȗ�� ,n WKH SURSRVHd SOaWIRUP, 
FOa\, Vand, and URFN dHJUadaWLRn FXUYHV aUH aYaLOaEOH E\ dHIaXOW >��@�  

7KH d\naPLF HTXaWLRnV RI WKH V\VWHP� 

ሾܯሿሼݑሷ ሽ ൅ ሾܥሿሼݑሶ ሽ ൅ ሾܭሿሼݑሽ ൌ െሾܯሿሼܫሽݑሷ௚ ��� 

������� LV VROYHd XVLnJ 1HZPaUN PHWKRd� 

ሶݑ ௜ାଵ ൌ ሶݑ ௜ ൅ ሾሺ1 െ ሷݑሿݐሻοߛ ௜ ൅ ሺߛοݐሻݑሷ ௜ାଵ ���� 

௜ାଵݑ ൌ ௜ݑ ൅ οݑݐሶ ௜ ൅ ൤൬12 െ ଶ൨ݐ൰οߚ ሷݑ ௜ ൅ ሷݑଶݐοߚ ௜ାଵ ���� 
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:KHUH >0@, >&@, and >.@ aUH WKH PaVV, daPSLnJ, and VWLơnHVV PaWULFHV, ZKLOH ^ݑሷ  ሶ` andݑ^ ,`
 dHILnHV ݐ߂ �aUH WKH YHFWRUV RI aEVROXWH nRdaO aFFHOHUaWLRnV, YHORFLWLHV, and dLVSOaFHPHnWV `ݑ^
WKH WLPH VWHS, ߚ and ߛ aUH ERWK aVVXPHd HTXaO WR ���� (YaOXaWLnJ WKH nRdaO dLVSOaFHPHnWV and 
WKH FRUUHVSRndLnJ VKHaU dHIRUPaWLRnV Ȗ aW a JLYHn WLPH LnVWanW W, WKH Ȗ YaOXHV aUH LnVHUWHd Ln WKH 
FXUYHV WR XSdaWH WKH VKHaU PRdXOXV * and WKH daPSLnJ UaWLR ȟ, ZKLFK aUH XVHd WR dHILnH WKH nHZ 
VWLơnHVV and daPSLnJ PaWULFHV dHILnHd aW WKH VaPH WLPH LnVWanW W� 7KH SURSRVHd PHWKRd KaV 
VRPH OLPLWaWLRn aW OaUJH VKHaU VWUaLn dHIRUPaWLRnV, EHFaXVH Ln WKaW FaVH, WKH VRLO SUHVHnWV a nRn�
OLnHaU EHKaYLRU and ERWK VWLơnHVV and daPSLnJ dHSHnd Rn WKH nXPEHU RI ORadLnJ±XnORadLnJ 
F\FOHV� 1HYHUWKHOHVV, LW ZaV REVHUYHd WKaW aW PHdLXP dHIRUPaWLRnV, WKH nRn�OLnHaU EHKaYLRU RI 
WKH VRLO LV nRW VLJnLILFanWO\ LnÀXHnFHd E\ WKH ORad SaWK >��@� 7KXV, WKH SURSRVHd K\EULd aSSURaFK 
Fan OHad WR UHOLaEOH UHVXOWV IRU WKH UanJH RI PHdLXP dHIRUPaWLRnV�  

 

� CONCLUSION  
7KH SaSHU SUHVHnWV a nHZ PRdHO RI JHnHUaWLRn RI aUWLILFLaO WLPH�KLVWRULHV� (PSOR\LnJ a 

FOaVVLF PHWKRd EaVHd Rn WKH anaO\VLV RI WKH SRZHU VSHFWUXP dHnVLW\, an aUELWUaU\ nXPEHU RI 
LndHSHndHnW VWaWLRnaULW\ aUWLILFLaO VSHFWUXP�FRPSaWLEOH WLPH�KLVWRULHV aUH JHnHUaWHd�  

7KH nRYHOW\ RI WKH PHWKRd FRnVLVWV Ln WZR IHaWXUHV� �L� WKH aSSOLFaWLRn RI WKH &RndLWLRnaO 
0Han 6SHFWUXP, ZKLFK OHadV WR an LPSURYHPHnW RI WKH HnHUJHWLF FRnWHnW, �LL� WKH aFKLHYHPHnW 
RI nRn�VWaWLRnaULW\ REWaLnHd E\ UandRP HnYHORSH IXnFWLRnV, ZKLFK SURYLdH UHaOLVWLF VKaSH WR WKH 
ILnaO WLPH�KLVWRULHV� 7KH UandRP HnYHORSH IXnFWLRnV aUH FUHaWHd E\ WKH RYHUOaSSLnJ RI WZR RU 
PRUH HnYHORSH IXnFWLRnV and YaU\LnJ WKH VKaSH and SRVLWLRn RI WKHVH� 6XFK PRdHO LV 
LPSOHPHnWHd Ln a VRIWZaUH SOaWIRUP IRU SURFHVVLnJ and VHOHFWLRn RI VHLVPLF UHFRUdV, FaOOHd 
³23(16,*1$/,´ IUHHO\ aYaLOaEOH IRU WKH SXEOLF� 7KH SOaWIRUP FRnVLVWV RI a nXPEHU RI 
PRdXOHV, LnWHJUaWHd Ln a XnLILHd HnYLURnPHnW and aLPHd IRU� VHOHFWLRn RI JURXnd PRWLRn UHFRUdV, 
VLJnaO SURFHVVLnJ, UHVSRnVH VSHFWUa anaO\VLV, VRLO VSHFWUa anaO\VLV and JHnHUaWLRn RI 
V\nWKHWLF�aUWLILFLaO WLPH�KLVWRULHV�   
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