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C=Q}}eD u=}@ |=Q@ |[=} Q pOt l} 'u=Q=mty w Q}yW "Ovm|t Q}}eD |}=Qov=wQ w
?; Q=Wi xi=[= p=wR u=}=B =D VRQr ẁQW R= '|}=Qov=wQ xO}OB QO l =N |Q}PBPwiv
Q=Wi xi=[= C@Uv T=U= Q@ =Q |Q}PBPwiv 'pOt u}= [32]"OvOQm |iQat |=yQiL
pOt u}= QO "Ovm|t u=}@ (Ru = �u=�0) x}rw= QFwt s�=k VvD x@ |=xQiL ?;
V}=Ri= |Q}PBPwiv 'Ru = 1 Q=Okt x@ uO}UQ =D w VRQr ẁQW =@ xm OwW|t ZQi
p=wR R=e; =@ w Ov=t|t C@=F |Q}PBPwiv 'OW=@ Ru = 1 xm |t=ovy =D w xDi=}
p}rLD s=ovy QO "O@=}|t Vy=m R}v |Q}PBPwiv Vy=m '|=xQiL ?; Q=Wi xi=[=
[32]"CU= xOW xDiQo Q_v QO u=Q=mty w Q}yW pOt j@] |Q}PBPwiv C=Q}}eD 'pOt
w CU= xOW xDiQo Q_v QO |r}=Q |}=Q}t CQwYx@ l =N x@ xOW p=ta= |}=Q}t

[30w28]"|Q=DiQ pOt |=yQDt=Q=B x@ \w@ Qt C=YNWt "2 pwOH
QDt=Q=B

Q=Okt xv=Wv OQmrta
30=1 'cs |v=QL@ l =m]Y= x} w=R
150 g0 l}DUq= |=yQDt=Q=B1=62 CDr
0=18 Dr0

|v=QL@ Cr=L |=yQDt=Q=B0=057 �c
0=27 �

0=511 emin pNrND C@Uv pk=OL
0=887 emax pNrND C@Uv QFm =OL

[31w26]"|OOa p}rLD |=Q@ =O=wv xU=t C=YNWt "3 pwOH
=O=wv xU=t QDt=Q=B

Dr = �80 Dr = �35
3=7� 10�5 7=05� 10�5 (m=s) |Q}PBPwiv

19=19 19=11 kN=m3 `=@W= XwYNt uRw
0=594 0=743 (e) pNrND C@Uv

"Oqwi x@ \w@ Qt C=YNWt "4 pwOH
uwU=wB ?} Q[ |v=UWm pwOt XwYNt sQH QDt=Q=B

�GPa� (kg=m3)
0=3 200 7850 Q=Okt

|=Q@ l =N XwYNt uRw w |Q}PBPwiv |=yQDt=Q=B x@ \w@ Qt C=aq]= 3 pwOH QO
35 |@Uv sm =QD T=U= Q@ C=aq]= u}= "CU= xOW x�=Q= l =N hrDNt |Ov@x}q
"Ov=xOW x�=Q= |R=UpOt QO xOW xDiQoQ_v QO |Ov@x}q =@ j@=]t OYQO 80 w OYQO
Q_v QO Oqwi x@ \w@ Qt C=YNWt "CU= xOW xDiQo Q_v QO OqwiTvH R= `tW
CQwYx@ Oqwi Q=DiQ xm CU= QmP x@ sRq "CU= xOW x�=Q= 4 pwOH QO xOW xDiQo

"OwW|t ZQi l}DUq=
QO "CU= xOW xDiQo Q_v QO |U=tD |=yu=tr= =@ l =N w `tW u=}t VvmQOv=
Q=Wi xvwo Qy 'OvQ}o|t Q=Qk Qo}Om} =@ T=tD QO Kw]U xm |v=tR 'T=tD ẁv u}=
`tW w l =N u}@ |oOW=OH u=mt= |R=UpOt QO "OwW|t pkDvt =yu; u=}t |U=tD
=OH Qo}Om} R= Kw]U 'OUQ@ QiY x@ |U=tD Q=Wi u}= Qo = "CU= xOW xDiQo Q_v QO
CU= umtt 'OQ}o|t Q=Qk |@v=H |Q=PoQ=@ CLD `tW xm |v=tR C}ak=w QO "OvwW|t
=D 'OwW Twmat |@v=H |Q=PoQ=@ CyH Qo = "OwW O=H}= xrY=i l =N w `tW u=}t
OQ=w `tW x@ l =N hQ] R= |} wQ}v 'OW=@ xOWv QB l =N w `tW u}@ RQO xm |v=tR

"OW Oy=wNv

|Q=PoQ=@ w |RQt \}=QW "2"2
QO w CU= xOW xDiQo Q_v QO QDU@ nvU K]U u=wvax@ pOt hm '|R=UpOt QO
|=yRQt 'u}vJty "�OvwW|t xDU@ |O=R; C=HQO� OwW|t O}kt z w y'x CyH xU
CQwY QO |m}t=v}O p}rLD QO "OvwW|t O}kt u; Q@ Owta CyH QO R}v |@v=H
OQwNQ@ =@ 'l =N \}Lt QO xrRrR G=wt= Q=WDv= p}rO x@ '|@v=H |=yRQt uOQm O}kt
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[14]"xOW ?=NDv= |=yCW=ov@=DW "5 pwOH
PGV (cm=s) Tp�s� xrRrR h}OQ

51=5 1=2 Coyote Lake�Gilroy Array #6� 1
50=4 0=5 Northridge-01 �Pacoima Dam �downstream�� 2
107=1 0=9 Northridge-01 �Pacoima Dam �upper left�� 3

52 5=9 Kocaeli, Turkey �Gebze� 4

"OQ=O OwHw Sw}i} QDv=U V}=tR; G}=Dv w |OOa |R=UpOt G}=Dv u=}t |@ wN j@=]D

G}=Dv p}rLD "3
xOt; CUO x@ G}=Dv '|R=UpOt |xwLv w C=}[Qi x@ \w@ Qt C=L}[wD x�=Q= R= TB
w l =N Q=DiQ p}rLD x@ \w@ Qt G}=Dv =OD@= QO "OW Oy=wN xO=O u=Wv =yp}rLD R=
O=OaD C}OwOLt x@ xHwD =@ "OwW|t x�=Q= `tW Q=DiQ p}rLD x@ \w@ Qt G}=Dv TBU
|i=m O=OaD VN@ Qy QO w xOw@v QU}t =yQ=Owtv |t=tD uOQm xi=[= u=mt= 'C=LiY

"CU= xOW x�=Q= =yQ=Owtv R=

l =N Q=DiQ p}rLD "1"3
6 pmW "CU= xOW |UQQ@ |OOa pOt QO l =N x@ \w@ Qt Q=DiQ 'VN@ u}= QO

"=yxrRrR QF= CLD (Ru) |=xQiL ?; Q=Wi ?} Q[ Q}O=kt "6 pmW

u=tR w `tW � l =N sDU}U ?w=vD u=tR QO |}=Q}t C@Uv xm CU= u; Q@ ZQi
QoVR=OQB =@ QDw}Bt=m l} =@ =yp}rLD R= l} Qy "OvW=@ 0=05 =@ Q@=Q@ l =N ?w=vD
pw] x@ Ca=U 140 =D 70 u}@ 'sQ C}=@=o}o 16 w 10 pUv |=xDUy VW

"Ot=Hv=|t

|HvU CLY G}=Dv "4"2
xSwQB l} |xQ=tW Sw}i} QDv=U V}=tR; G}=Dv R= '|R=UpOt |HvUCLY CyH
CW=ov "CU= xOW xO=iDU= 'xDiQo CQwY [26]uwUr} w \UwD xm 'VELACS

pOt x@ |OwQw l} QLD u=wva x@ '�4 pmW� 0=22g T=}kt =@ 'x@ wm xrRrR ?=DW
(|=xQiL ?; Q=Wi xi=[= ?} Q[ |v=tR xJN} Q=D x@ \w@ Qt Q}O=kt "OwW|t p=ta=
x@G}=Dv =@ '|OOa |R=UpOt QO u}tRK]U R= QDt 4=5 jta QO (Ru = �u=�0)
'OwW|t xOy=Wt 5pmW QO xm Qw]v=ty "OW xU}=kt Sw}i} QDv=UV}=tR; R= xOt;CUO

"�1995� x@wm xrRrR ?=DW CW=ov "4 pmW

\UwD xOW s=Hv= Sw}i} QDv=U pOt w |OOa |R=UpOt G}=Dv xU}=kt "5 pmW
[26]"uwUr}w
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CLD T=} Q; COW w CaQU '?=DW 'Ru Q}O=kt |v=tR xJN} Q=D xU}=kt "7 pmW
"Coyote Lake xrRrR QF=

3 w 2 CqO=at CQwYx@ ?}DQD x@ u=wD|t =Q CyH u}= QO |WQ@ VvD w C=QP
[22]:OQm x@U=Lt

vs = dw
dt

= "xzdz
dt

= �xz
G

Csdt
dt

= �xz
G
Cs = �xz

�Cs2Cs = �xz
�Cs

(2)

(Ru = �u=�00) |=xQiL ?; Q=Wi xi=[= ?} Q[ |v=tR xJN} Q=D xOvyOu=Wv
�Pacoima �? w Coyote Lake �hr= |=yxrRrR |=Q@ hrDNt j=ta= QO
Q}O=kt |=Q@ =yQ=Owtv u}= "CU= Dam �upper left�� Northridge- 01
xOvyOu=Wv QDt 4=5 jta "CU= xOW sUQ QDt 14 w 9 '4=5 j=ta= QO Ru
RQt C}kwt xOvyOu=Wv QDt 9 jta w �|}q=@ x}q� =Qov=wQ x}q \Uw C}akwt
x}q \Uw C}akwt QDt 14 jta 'u}vJty "OvDUy =Qov=wQQ}e w =Qov=wQ x}qwO
Q=Okt uOW l}ORv =yQ=Owtv u}= QO "OyO|t u=Wv =Q �|v}}=B x}q� =Qov=wQQ}e
xOy=Wt xm Qw]v=ty "CU= |}=Qov=wQ ẁkw xOvyO u=Wv 'l} Q=Okt x@ Ru
x@ j=iD= u}= "O@=}|t Vy=m Ru ?} Q[ 'jta V}=Ri= =@ |rm Qw]x@ 'OwW|t
Ct=kt OwW|t Ea=@ xm CU= jta V}=Ri= =@ x}rw= QFwt VvD V}=Ri= p}rO
'CU= xOW xO=O u=Wv 6 pmW QO xm Qw]u=ty "OW=@ QDW}@ |}=Qov=wQ Q@=Q@ QO
'QDt 14 jta QO =t= 'CU= xDUw}B ẁkw x@ |}=Qov=wQ QDt 9 w 4=5 j=ta= QO
u}= QO xH}Dv QO w OQ=O l} R= QDtm |Q=Okt |=xQiL ?; Q=Wi xi=[= ?} Q[
|atW |B ?U=vt |}=Q=m xOvyOu=Wv xH}Dv u}= "CU= xOWv O=H}= |}=Qov=wQ x}q
'CiQo|t Q=Qk |}q=@ l =N x}q QO `tW pw] |t=tD Qo = 'Qo}O u=}@ x@ "CU=
'u} Q} R x}q QO `tW lwv uDiQo Q=Qk =t= "CW=Ov ?U=vt |}=Q=m `tW ,=a]k
|UQQ@ QFwt pt=wa |t=tD O}=@ xD@r= "OwW `tW ?U=vt |}=Q=m ?Hwt Ov=wD|t

"OvOQo
xRwL |=yxrRrR xvwoTr=B CmQL xm OQm xOy=Wt u=wD|t 6 pmW QO 'u}vJty
'Qo}O CQ=@a x@ "CU= QFwt Ru Q}}eD OvwQ QO 'OW xQ=W= u; x@ QDV}B xm 'l}ORv
l}ORv xRwL |=yxrRrR OQwmQ QO OwHwt Tr=B p=ta= xm OQm QmP =Q xDmv u}= u=wD|t
'�CU= |y=Dwm u=tR xm � u; p=ta= u=tR COt QO =D CU= xOW ?Hwt pOt QO
"OwW O=H}= |}q=@ x}q QO |}=Qov=wQ w xDi=} V}=Ri= |=xQiL ?; Q=Wi xi=[= ?} Q[
Cw=iDt |=yQ=DiQ u=wD|t '=yTr=B u}= p=ta= u=tR COt x@ xHwD =@ 'p}rO u}ty x@

"OQm xOy=Wt =Q Cw=iDt |=yCOW =@ w
QO pUo R= QwO w pUo x@ l}ORv u}tR C=mQL u}@ |rY= Cw=iD xm |}=Hv; R=
|UQQ@ |=Q@ Ov=wD|t QDt=Q=B u}= |UQQ@ 'CU= xOW XNWt CaQU |v=tR xJN} Q=D
xQP CaQU QFm =OL QF= |UQQ@ C}ty= R}v u=kkLt C=ar=]t "OW=@ O}it xr�Ut QDy@
QwDm =i `} RwD x@U=Lt |=Q@ QDt=Q=B u}= R= =yu; [33]"Ov=xO=O u=Wv |]NQ}e Q=DiQ Q@ =Q
Ov=wD|t xm OvyO xaUwD =Q |rOt =D OvOQm xO=iDU= x}iwY QyW |=Q@ |ki= VvQm
QO l =N |]NQ}e pmW Q}}eD w |}=Qov=wQ C}U=UL |@=} RQ= 'u}tR |oDN}Uo

"Ovm |v}@V}B =Q QyW u}= |m}ORv
p}rLD =@ xOt; CUO x@ |=xQiL ?; Q=Wi xi=[= ?} Q[ |v=tR xJN} Q=D
u} QDoQR@ "CU= xOW x�=Q= 7 pmW QO Coyote Lake xrRrR QF= CLD |]NQ}e
|}=OD@= Tr=B xm CU= xOW O=H}= |v=tR |=xQiL ?; Q=Wi xi=[= ?} Q[ Q=Okt
QO q=@ xvt=O =@ CaQU |=yTr=B OwHw p}rO x@ QF= u}= "CU= xOW p=ta= pOt x@
u=tR COt QO |v=yo =v |SQv= p=ta= Ea=@ xm CU= pUo x@ l}ORv |=yCW=ov
QO R}v OQwmQ Qy |=Q@ |OwQw |SQv= pm C=Q}}eD w 11QFwt u=tR COt "OwW|t x=Dwm
pw] u=wvax@ u}tR CmQL l} |=Q@ QFwt u=tR COt "Ov=xOW xO=O u=Wv 7 pmW
|SQv= "OwW|t h} QaD u}tR CmQL |SQv= OYQO 95 w 5 CW=@v= u}@ |v=tR xrY=i
7 pmW R= u=wD|t 'u}vJty [34]"OwW|t h} QaD 12T=} Q; COW =@ u}tR CmQL
|=Q@ |rt=m Q=}at |}=yvD x@ u}tR ?=DW Gw= =} |OwQw |SQv= |oQR@ xm OQm \=@vDU=
h} QaD uDiQo Q_v QO '7 pmW G}=Dv Q}UiD Qw_vt x@ "OW=@|tv u}tR CmQL COW
x-y xLiY QO xm |WQ@ G=wt= |Oa@ wO Cr=L |=Q@ "OQ=O C}ty= |OwQw l} QLD
CaQU "OyO|t MQ x-z xLiY QO |ki= CyH QO =yvD |}=Hx@=H 'OvwW|t QWDvt
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QO xOW p=ta= Coyote Lake OQwmQ =@ Q_=vDt ?=DW x@W MU=B h}] "8 pmW
u}tR K]U QO xOW C@F ?=DW MU=B h}] w �|OwQw ?=DW� QDU@ nvU pLt

"�O=R; K]U ?=DW�

Coyote OQwmQ QF= CLD l =N x}q |rY= ?w=vD u=tR C=Q}}eD |UQQ@ "9 pmW
"Lake

Coyote |xrRrR |=Q@ =Q `tW |@Uv |ki= u=mtQ}}eD |v=tR xJN} Q=D "10 pmW
"Lake

`tW Q=DiQ p}rLD "2"3
=Q `tW |@Uv |ki= u=mtQ}}eD |v=tR xJN} Q=D ?}DQD x@ 12 w 11 '10 |=ypmW
Northridge-01 �Pacoima Dam �upper 'Coyote Lake |xrRrR |=Q@
QO xOW xO=O u=Wv Q}O=kt "OyO|t u=Wv Kocaeli, Turkey �Gebze� w left��

"CU= xOt; CUO x@ `tW QU w lwv |ki= u=mtQ}}eD p[=iD R= 'Q=Owtv
xRwL |=yxrRrR QO CaQU Tr=B OwHw p}rO x@ 'OwW|t xOy=Wt xm Qw]u=ty
|}=Hx@=H xv}W}@ 'u}vJty "OwW|t p=ta= `tW QO xvwoTr=B u=mt Q}}eDl} 'l}ORv

�xz = 2�Csvs (3)

p=ta= |WQ@ VvD �xz '|WQ@ VvQm "xz 'z CyH QO |ki= |}=Hx@=H w u; QO xm
|v=tR xJN} Q=D vs w |WQ@ Gwt CaQU Cs '|WQ@ pwOt G '|r=oJ � 'xOW

"OvDUy |OwQw CaQU
Q=DiQ |=Q@ =yvD |Qw�D Q_v R= 3 w 2 xrO=at s}y=it xJQo = xm CW=O xHwD O}=@
OQwt QO QDy@ |}=tv =D Ov=xOW xOy=Wt |@ QHD CQwYx@ =yu; 'OvDUy K}LY |]N
CaQU OQwmQ l} '3 xrO=at T=U= Q@ [33]"OvyO x�=Q= |}=Qov=wQ Ovv=t |]NQ}e Q=DiQ
u=Wv xrO=at u}= "OQm p=ta= s=Q; RQt l} x@ w OQm p}O@D VvD OQwmQ x@ u=wD|t =Q
w OQ=O CaQU =@ |t}kDUt x]@=Q '|OwQw |WQ@ VvD |v=tR xJN} Q=D xm OyO|t
|=y|oS} w u} QDsyt R= |m} xO}OB u}= "OQ=Ov |}=Hx@=H =} ?=DW =@ |t}kDUt x]@=Q
C@Uv |QDoQR@ l}DUq=Q}e |}=Hx@=H xm CU= pUo x@ l}ORv u}tR C=mQL |O}rm
u=}t ,qwtat xm |}=yCw=iD R= Qo}O |m} "Ovvm|t O=H}= pUo R= QwO C=mQL x@
13u}tR CaQU xv}W}@ C@Uv QO hqDN= 'OQ=O OwHw QwO w l}ORv xRwL |=yxrRrR
|=yxrRrR |=Q@ C@Uv u}= ,qwtat "CU= �PGV/PGA� 14u}tR ?=DW xv}W}@ x@
CW=ov QO =Q |Q=OCyH xO}OB QF= u; Q=Okt w CU= QwO xRwL R= QDoQR@ l}ORv xRwL
"OwW|t QDW}@ |WQ@ VvD K]U x@ QHvt |oS} w u}= '|rm Qw]x@ "OyO|t u=Wv
Kr=Yt '\}=QW u}= QO "OUQ@ s}rUD K]U x@ Kr=Yt Q=DiQ =D OwW|t Ea=@ Qt= u}=
u}tR CaQU xv}W}@ 'u}vJty [35]"OvwW l}DUqB pmW Q}}eD Q=JO CU= umtt
XN=W h}YwD |=Q@ �PGA� u}tR ?=DW xv}W}@ R= QDO}it QDt=Q=B l} �PGV�
|=RH= x@ C@Uv CaQU xm CU= u; Q=DiQ u}= p}rO "CU= u}tR CmQL COW
QO O}=@ PGV 'u}=Q@=v@ "OQ=O |QDtm C}U=UL 'u}tR CmQL QDq=@ |=yTv=mQi
7 pmW QO [36]"OW=@ PGA R= QDO}it u}tR CmQL u=UQ?}U; p}Uv=DB h}YwD
xrRrR QF= CLD T=} Q; COW w CaQU '?=DW 'Ru Q}O=kt |v=tR xJN} Q=D |xU}=kt
Q@=Q@ Coyote Lake xrRrR QFwt u=tR COt "CU= xOW xO=O u=Wv Coyote Lake

QO 'OwW|t xOy=Wt xm Qw]u=ty "CU= xOW XNWt Q=Owtv |wQ �x}v=F 3=04�
�Ru� |=xQiL ?; Q=Wi xi=[= ?} Q[ '�QFwt u=tR COt� Tr=B p=ta= u=tR COt
"CU= xO}UQ �Ru = 1� |}=Qov=wQ x@ l =N w xDi=} V}=Ri= OYQO 90 OwOL
R= V}@ =Q l}ORv xRwL |=yxrRrR OQwmQ Tr=B QF= |UQQ@ C}ty= 'Q=DiQ u}= xOy=Wt
"OwW|t xOy=Wt |UQQ@ OQwt |=yxrRrR |t=tD QO Q=DiQ u}= "OyO|t u=Wv V}B
|=yh}] 8 pmW "OwW|t =yu; |}=tvnQR@ ?Hwt CUU l =N R= G=wt= Qw@a
QDU@ nvU pLt QO xOW p=ta= Coyote Lake OQwmQ =@ Q_=vDt ?=DW x@W MU=B
xOy=Wt xm Qw]u=ty "OyO|t u=Wv =Q u}tR K]U QO xOW C@F ?=DW MU=B w
u}vJty w xOQm Q}}eD l =N ?r=e ?w=vD u=tR 'l =N R= xrRrR G=wt= Qw@a =@ 'OwW|t
C=Q}}eD |UQQ@ CyH "CU= xDiQo Q=Qk Q}F-=D CLD ?w=vD u=tR R= |QD`}Uw xOwOLt
Qy QO u=wD|t 'XNWt xrRrR OQwmQ l} p=ta= QF= QO l =N x}q |rY= ?w=vD u=tR
QO xOt; CUO x@ ?=DW x@ \w@ Qt ?=DW x@W MU=B h}] xvt=O C@Uv ?w=vD u=tR
QDU@ nvU pLt QO xOW p=ta= OQwmQ ?=DW x@W MU=B h}] xvt=O x@ u}tR K]U
CUO x@ |Q=Owtv '?w=vD u=tR Q@=Q@ QO C@Uv u}= Q=Okt sUQ R= "OQw; CUO x@ =Q
l =N ?w=vD u=tR Q}}eD xwLv Qov=}@ u; |=yxrk =@ Q_=vDt |=y?w=vD u=tR xm O};|t
Coyote Lake OQwmQ |=Q@ =Q Q=Owtv u}= 9 pmW "OvW=@|t xrRrR p=ta= QF= QO
?w=vD u=tR Qov=}@ xrk u} QDOvr@ =@ Q_=vDt ?w=vD u=tR pmW u}= QO "OyO|t u=Wv
|Oa@ |=yxrk =@ Q_=vDt QDnQR@ |=y?w=vD u=tR w |]N ,=@} QkD Cr=L QO l =N x}q
u}= "OW=@|t |]NQ}e |=ypmW Q}}eD QF= QO l =N x}q ?w=vD u=tR V}=Ri= Qov=}@

"OwW|t xO}O R}v l}ORv xRwL |=yxrRrR Q}=U QO Q=DiQ
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OtQ_vQO l}DUq= CQwYx@ `tW Q=DiQ "CU= xOw@ Tr=B p=ta= u=tR QO R}v xOW O=H}=
|@Uv u=mt Q}}eD |v=tR xJN} Q=D |=yDv= QO xm OwW|t xOy=Wt =t= "CU= xOW xDiQo
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1. Flow Liquefaction
2. Cyclic Softening
3. Directivity
4. Fling Step
5. Undrained Hollow Cylinder Cyclic Torsional Test
6. Free Field
7. Model Fluid Active ON
8. Model Mechanical Active OFF
9. Model Mechanical Active ON
10. Model Fluid Active O�
11. Signi�cant Duration
12. Arias Intensity
13. Peak Ground Velocity (PGV)
14. Peak Ground Acceleration (PGA)
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