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?w=vD |xQwO C@Uv Ts=Tm� hrDNt ?w=vD |=yxQwO C@Uv QO xDU@=wQ}e
|OwQw |=yGwt |=Q@ �|OwQw Gwt u}ov=}t ?w=vD |xQwO x@ sDU}U |U=U=
|xir-wt w Tm = 1 s =@ Loma Prieta �1989� |xrRrR R= |W=v� 1 YBI

wChi-Chi �1999� |xrRrR R= |W=v� TAP051-W (TAP) w �090 |ki=
=yCW=ov?=DW "CU= xOW xO=O u=Wv �051 |ki= |xir-wt =@ Tm = 0 99 s

QO xOWxDiQo Q_v QO |}=Q}t C@Uv xm CU= QmP u=}=W "Ov=xOW T=}kt 0 4 g x@
"CU= Q=oOv=t u=mtQ}}eD 'u=mtQ}}eD R= Qw_vt w �15 'VywSB u}= C=@U=Lt |t=tD
(ky) |oDN}Uo?} Q[lJwm Q}O=kt QO 'OwW|t xOy=Wt 2 pmW QO xmQw]u=ty
QDW}@ =Q Q=oOv=t u=mtQ}}eD 'xDU@=wQ}e p}rLD l} x@ l}ORv ?w=vD |xQwO C@Uv w

'xDU@=w p}rLD 'lQ=tw}v?rY lwr@ |=yVwQ Q=oOv=t u=mtQ}}eD |xU}=kt "2 pmW
"xDU@=wQ}e w
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}B?=DW u}=Q@=v@ w O@=}|tV}=Ri= k1 'VRer pw]Vy=m =@ xm 'CU= 8 |x]@=Q hqDN=
x@ xDU@=w |oDN}Uo ?} Q[ QF= u}=Q@=v@ &O@=}|t Vy=m u=mtQ}}eD w V}=Ri= s}rUD
?4 w hr=4 |=ypmW xU}=kt "OwW|t QDOwyWt VRer pw] Vy=m =@ u=mtQ}}eD
Qo}Om} =@ YBI w TAP |OwQw |=yGwt u}@ u=mtQ}}eD hqDN= xm OyO|t u=Wv
Gwt wO QO "OOQo|t R=@ |OwQw |=yGwt C=}YwYN x@ u; Cra xm 'CU= Cw=iDt
"OQ=O Vy=m x@ p}=tD Oa@ x@ 3 ?w=vD |xQwO C@Uv R= =yVwQ u}@ hqDN= |OwQw
|xDU@=w p}rLD 'sm VRer |=ypw] QO xm OyO|t u=Wv QwmPt pmW u}vJty
�QDtm � xv=Q=mx_i=LtQ}e hQ=aDt |xDU@=w p}rLD x@ C@Uv =Q u=mtQ}}eD 'xOWKqY=

"OwW|t l}ORv Qo}Om} x@ G}=Dv ,=@} QkD O=} R |=ypw] QO w Ovm|t |v}@V}B
hqDN= |wQ Q@ s}rUD ?=DW 'VRer pw] Q@ xwqa 'xOWu=}@ OQ=wt x@ xHwD =@
|UQQ@ x@ R=}v u}=Q@=v@ &OvDUy QF-wt xOWKqY= |xDU@=wQ}e w xDU@=w p}rLD wO u}@

"OwW|t T=UL= QDt=Q=B wO u}= QDW}@
p}rLD x@ xOWKqY= |xDU@=w p}rLD |xOWp=tQv |}=Hx@=H 5 pmW QO
xO=iDU= =@ VRer |xOwD `=iDQ= x@ xOWp=tQv VRer pw] ?UL Q@ hQ=aDt |xDU@=w
?=DW C@Uv QF= pmW u}= QO "CU= xOW s}UQD TAP w YBI |OwQw |=yGwt R=
1 5 w 1 ?w=vD |=yxQwO C@Uv |=Q@ xOWp=tQv |}=Hx@=H QO (ky=kmax) s}rUD
'ky=kmax Vy=m =@ xm OyO|t u=Wv QwmPt pmW "CU= xDiQo Q=Qk |UQQ@ OQwt
Vkv 'ky=kmax Vy=m =@ Qo}O CQ=@ax@ &O@=}|t Vy=m R}v xOWp=tQv |}=Hx@=H
|=y?}W QO u}=Q@=v@ "OW Oy=wN QDQF-wt u=mtQ}}eD x@ xDU@=w |oDN}Uo ?} Q[
uiO |=yuiOt Ovv=t� OvDUy sQv w CU )U O=wt R= pmWDt xm '=yR} Qm =N w |m =N
xDU@=w |oDN}Uo ?} Q[ QF= 'CU= lJwm ky=kmax Q=Okt xmv; Cra x@ '�xr=@ R
C@Uv |=Q@ xOWp=tQv u=mtQ}}eD Q=Okt u} QDtm "Ow@ Oy=wN xHwD p@=k u=mtQ}}eD x@
OyO|t u=Wv xr�Ut u}= "CU= 0 25 Q@=Q@ ,=@} QkD TAP Gwt w 1 `=iDQ= x@ pw]
�75 OwOL QO |R}J hQ=aDt |xDU@=w u=mtQ}}eD 'lJwm VRer |=ypw] QO xm
l} QO xm OyO|t u=Wv QwmPt pmW u}vJty "Ovm|t |v}@V}B QDW}@ =Q |}=Hx@=H
u=mtQ}}eD �10 ,=@} QkD� `=iDQ= x@ VRer pw] C@Uv V}=Ri= =@ XNWt ky=kmax

"OvwW|t l}ORv Q�o}Om} x@ xOWKqY= |xDU@=w w hQ=aDt |xDU@=w p}rLD wO
|yHwD p@=k Q}F-=D Ov=wD|t s}rUD ?=DW C@Uv C=Q}}eD xm OyO|t u=Wv 5 pm�W

"OW=@ xDW=O u=mtQ}}eD |v}@V}B QO
[3]'xOWKqY=?rYlwr@VwQ\UwD xOWx@U=Lt Q=oOv=tu=mtQ}}eD6pmWQO
?UL Q@ [4]'xOWKqY= |xDU@=wQ}e w �VywSB u}=� xOWKqY= |xDU@=w p}rLD
s}UQD TAP w YBI Gwt wO |=Q@ w QDt 50 w 10 pw] wO |=Q@ ?w=vD |xQwOC@Uv
|=yp}rLD \UwD xOWx@U=Lt u=mtQ}}eD xm OyO|t u=Wv pmW u}= "CU= xOW
QDlJwm ?w=vD |=yxQwO C@Uv QO xOWKqY= |xDU@=wQ}e w xOWKqY= |xDU@=w
u=wD|t QwmPt pmW T=U=Q@ "OvwW|t l}ORv Qo}Om} x@ 4 R= QDnQR@ w 0 5 R=
'xOWKqY= |xDU@=wQ}e p}rLD '0 5-4 u}@ ?w=vD |xQwO |=yC@Uv QO xm Cio
"Ovm|t |v}@V}B xv=Q=mx_i=Lt 'xOWKqY= |xDU@=w p}rLD x@ C@Uv =Q u=mtQ}}eD
=Q u=mtQ}}eD 'xOWKqY= |xDU@=w p}rLD 'QDnQR@ ?w=vD |xQwO |=yC@Uv |=Q@
QDW}@ TAP Gwt QO p}rLD wO u}@ hqDN= xm OvJ Qy 'Ovm|t |v}@V}B QDW}@
QO [3]'xOWKqY= ?rY lwr@ VwQ |xOWx@U=Lt u=mtQ}}eD "CU= YBI Gwt R=
?w=vD |=yxQwO C@Uv |t=tD QO u=mtQ}}eD Q}O=kt xm 'CU= xOW s}UQD R}v 6 pmW
|xDU@=w p}rLD =OD@= QO 'OyO|t u=Wv QwmPt pmW xm Qw]u=ty "CU= |D@=F Q=Okt
w Ovm|t |v}@V}B xOWKqY= ?rY lwr@ VwQ R= QDW}@ =Q u=mtQ}}eD 'xOWKqY=
"OwW|t Tma ẁ[wt u}= '�2 5 R= V}@� QDnQR@ ?w=vD |=yxQwO |=yC@Uv QO
QO |OwQw Gwt ẁv xm CU= u}= 'OQm xQ=W= u; x@ O}=@ xm |OQ=wt R= |m}

"Q}eDt w C@=F s}rUD ?=DW "3 pmW

"xOWKqY= |xDU@=w w hQ=aDt |xDU@=w |=yp}rLD u=mtQ}}eD |xU}=kt "4 pmW
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}BwO x@ =yOQwmQ [18]'|r w x}Uy O=yvW}B T=U=Q@ Q=DWwv u}= QO xm CU= QmP u=}=W
�D w C ẁv |=yx=oCN=U� sQv w �B w A ẁv |=yx=oCN=U� CNU 'x=oCN=U

"Ov=xOW |Ov@s}UkD
'u=mtQ}}eD |v}@V}B CyH ?U=vt |oDU@ty pOt l} uOQw;CUOx@ |=Q@
'0 2 '0 1 '0 05 '0 02 %pt=W ky hrDNt Q}O=kt R= xOWKqY= |xDU@=w p}rLD
'1 '0 5 '0 %pt=W Ts hrDNt Q}O=kt u}vJty "CU= xOW xO=iDU= 0 4 '0 3
|oDN}Uo pw] hrDNt Q}O=kt w x}v=F 6 '5 5 '5 '4 5 '4 '3 5 '3 '2 5 '2 '1 5

"CU= xOW xDiQo Q=mx@ QDt 1000 '500 '100 '50 '10
Qw]x@ =Q VRer |xOwD MU=B ky=kmax xm Ov=xO=O u=Wv u}W}B |=yVywSB
VwQ QOky=kmax C@Uv QF= =OD@= u}=Q@=v@ [18�13w11]"Ovm|t |v}@V}B ?U=vt
'xOWs=Hv= |=y|UQQ@ T=U=Q@ "CU= xDiQo Q=Qk |UQQ@ OQwt xDU@=w |xOWKqY=
"CU= xDU@=w ky=PGA w Ts=Tm |=yQDt=Q=B x@ QDW}@ ky=kmax C@Uv
|=yQDt=Q=B C=Q}}eD x@C@Uv =Q |oDN}Uo?} Q[C@Uv C=Q}}eD ?7 whr=7 pmW
Qw]u=ty "OyO|t u=Wv QDt 1000 w 10 VRer |=ypw] QO ky=PGA wTs=Tm
CU= |W}=Ri= |oDN}Uo ?} Q[ C@Uv =OD@= 'OyO|t u=Wv ?7 w hr=7 pmW xm
OwN Q=Okt u} QDW}@ x@ ky=kmax C@Uv '10 x@ l}ORv ?w=vD |xQwO C@Uv QO w
|oDN}Uo ?} Q[ C=Q}}eD O7 w G7 pmW "OQ=O |Wy=m OvwQ u; R= Oa@ w OUQ|t
|oDN}Uo ?} Q[ C=Q}}eD OvwQ "OyO|t u=Wv ky=PGA C@Uv ?UL Q@ =Q
xm Cio u=wD|t "CU= |W}=Ri= w |}=tv CQwYx@ ky=PGA C@Uv ?UL Q@
?} Q[ C@Uv =t= 'CU= C@=F C@Uv u}= xmv; =@ 50 Q@=Q@ ky=PGA C@Uv QO
hrDNt |=yQDt=Q=B Q}F-=D x@ u=wD|t xO}OB u}= p}qO R= "O@=}|t V}=Ri= |oDN}Uo
OyO|t u=Wv 7 pmW "OQm xQ=W= |m =N |xR=U |m}t=v}O MU=B QO |OwQw Gwt
?} Q[ V}=Ri= =@ u}vJty "OQ=Ov |oDN}Uo ?} Q[ QO |v=OvJ Q}F-=D pw] Q}}eD xm

"O@=}|t V}=Ri= ky=kmax C@Uv |oDN}Uo
Q@ 'CU= sDU}U MU=B |xOvyOu=Wv |awv x@ ky=kmax C@Uv xm |}=Hv; R=
|oDN}Uo ?} Q[ C@Uv |x@U=Lt |=Q@ |}x]@=Q |x�=Q= x@ =OD@= QO T=U= u}ty
CU= xOW |aU XwYN u}= QO xOWx�=Q= |=ypOt x@ xHwD =@ "CU= xOW xDN=OQB
|x@U=Lt |=Q@ 11 |x]@=Q "OwW x�=Q= ?} Q[ u}= u}tND |=Q@ |@U=vt pOt xm

%CU= xOW O=yvW}B |oDN}Uo ?} Q[ C@Uv

ln( ky
kmax

) =a1 + a2 ln( Ts
Tm

) + a3 ln( ky
PGA

) + a4 ln( Ts
Tm

)2

+ a5 ln( Ts
Tm

) ln( ky
PGA

) (11)

=@ "OvDUy g ?UL Q@ ky w PGA 'C@=F ?}=Q[ a1; a2; :::; a5 'u; QO xm
w CNU |=yx=oCN=U |=Q@ R2 = �89 |oDU@ty ?} Q[ '1 |xrO=at x@ xHwD
Qy |=Q@ C@=F ?}=Q[ Q}O=kt w xOt; CUOx@ sQv |=yx=oCN=U |=Q@ R2 = �87

"CU= xOW x�=Q= 2 pwOH QO x=oCN=U

"ky=kmax |x@U=Lt |=Q@ 9 |x]@=Q C@=F ?}=Q[ Q}O=kt "2 pwOH
sQv x=oCN=U CNU x=oCN=U QDt=Q=B
�0 311 �0 425 a1
0 942 1 247 a2
0 892 0 91 a3
�0 0807 �0 201 a4

0 11 0 097 a5

|awv x@ =yVwQ u=mtQ}}eD u}@ hqDN= w CU= Q=PoQ}F-=D =y?}W Q=oOv=t u=mtQ}}eD
|}xRQr |=yQDt=Q=B xm CU= R=}v u}=Q@=v@ "CU= xDU@=w R}v |OwQw Gwt |=yQDt=Q=B x@

"OvQ}o Q=Qk |UQQ@ OQwt X=N Qw]x@

|oDU@ty w |QDt=Q=B p}rLD "4
Q=Qk |@=} RQ= OQwt ?rY lwr@ VwQ QO u=QoWywSB \UwD |}xRQr |=yQDt=Q=B QF=
|xDU@=w p}rLD x@ xHwD =@ [18�13w11]"CU= xOW x�=Q= XwYN u}= QO |]@=wQ w xDiQo
|@=} RQ= OQwt p}rLD u}= G}=Dv |wQ Q@ |}xRQr |=yQDt=Q=B 'VywSB u}= QO xOWKqY=
u=yH QO xO=ONQ |xrRrR 25 R= |W=v OQwmQ 1363 R= Qw_vt u}O@ "Ov=xDiQo Q=Qk
|}=Hx@=H QO Tm w Ia 'PGA 'PGV Q}_v hrDNt |=yQDt=Q=B QF= w xOW xO=iDU=
xOW xO=O u=Wv xOWxO=iDU= |=yxrRrR 1 pwOH QO "CU= xDiQo Q=Qk |UQQ@ OQwt
�4 '=yCW=ov?=DW �USGS T=U=Q@� x=oCN=U ẁv |Ov@s}UkD T=U=Q@ "CU=
�43 '�750m/s R= QDW}@ |WQ@ Gwt CaQU =@ sm =QDt Q=}U@ x=oCN=U� A ẁv R=
R= �51 '�750-360 m/s u}@ |WQ@ Gwt CaQU =@ CNU |=yl =N� B ẁv R=
'�180-360 m/s u}@ |WQ@ Gwt CaQU =@ \UwDt sm =QD =@ |=yl =N� C ẁv
"OvDUy �180 m/s R= QDtm |WQ@ Gwt CaQU =@ sQv |=yxDWyv� D ẁv R= �2

"xO=iDU= OQwt |=yCW=ov?=DW "1 pwOH
O=OaD =oRQ@ M} Q=D xrRrROQwmQ (M)

12 7 1 25=04=1992 Cape Mendocino, CA

202 7 6 21=09=1999 Chi-Chi, Taiwan

20 6 4 05=05=1983 Coalinga, CA

12 7 5 06=08=1979 Coyote Lake, CA

45 7 1 12=11=1999 Duzce, Turkey

10 6 5 06=05=1976 Friuli, Italy

2 6 18=05=1940 Imperial Valley, CA

68 6 5 15=10=1979 Imperial Valley, CA

10 7 4 21=07=1952 Kern County, CA

22 6 9 17=01=1995 Kobe, Japan

29 7 4 17=08=1999 Kocaeli, Turkey

124 7 3 28=06=1992 Landers, CA

111 6 9 17=10=1989 Loma Prieta, CA

6 6 3 25=05=1980 Mammoth Lakes, CA

8 6 27=05=1980 Mammoth Lakes, CA

54 6 2 24=04=1984 Morgan Hill, CA

6 6 9 23=12=1985 Nahanni, Canada

280 6 7 17=01=1994 Northridge, CA

11 6 1 28=06=1966 Park�eld, CA

61 6 6 09=02=1971 San Fernando, CA

4 6 13=08=1978 Santa Barbara, CA

10 6 7 23=11=1987 Superstition Hills, CA

14 7 4 16=09=1978 Tabas, Iran

12 5 8 26=04=1981 Westmoreland, CA

230 6 01=10=1987 Whittier Narrows, CA
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"|oDN}Uo hrDNt |=y?} Q[ QO 'CNU x=oCN=U ky=kmax C=Q}}eD "7 pmW

8 pmW "OwW|t xOy=Wt u=mtQ}}eD u} QDtm Ia < 0 03 m=s QO w u=mtQ}}eD
OvwQ =yu=mtQ}}eD Vy=m OvwQ '|oDN}Uo ?} Q[ Q=Okt V}=Ri= =@ xm OyO|t u=Wv
"OwW|t QDW}@ |Wy=m OvwQ u}= '0 4 |oDN}Uo ?} Q[ QO |rw &CU= |y@=Wt
OyO|t u=Wv QDt 1000 w 10 VRer pw] wO u}@ u=mtQ}}eD u}@ |xU}=kt u}vJty

"O@=}|t V}=Ri= Q@=Q@ 5 ,=@} QkD u=mtQ}}eD '|oDN}Uo pw] V}=Ri= =@ xm
|m =N |=yOU w =y?}W Q=oOv=t u=mtQ}}eD |x@U=Lt |=Q@ |O=} R|@ QHD\@=wQ
QF= xm OvDUy lQ=tw}v ?rY lwr@ VwQ T=U=Q@ =yu; QDW}@ |rw 'CU= xOW x�=Q=
"CU= xOWv xO}O =yu; QO sDU}U MU=B QF= w u=mtQ}}eD x@ xDU@=w |oDN}Uo ?} Q[
|x]@=Q 'VywSB u}= QO "OvwW KqY= xOWQmP \@=wQ xm CU= R=}v T=U= u}= Q@
w |oDN}Uo pw] '|OwQw Gwt |=yQDt=Q=B =@ xOWKqY= |xDU@=w p}rLD u=mtQ}}eD
u=mtQ}}eD |x@U=Lt |=Q@ 14 |r= 12 \@=wQ w |UQQ@ |oDN}Uo ?} Q[ C@Uv

%CU= xOW O=yvW}B Q=oOv=t
%ln( ky

kmax
) > 1 5 Qo =

D = 0 (12)

%�4 < ln( ky
kmax

) � 1 5 Qo =
ln(D) =a1 + a2 ln( ky

kmax
) + a3 ln(L) + a4 ln(PGV )

+ a5 ln(Ia) + a6M (13)

|=Q@ hrDNt |=yQDt=Q=B C=Q}}eD x@ C@Uv Q=oOv=t |=yu=mtQ}}eD C=Q}}eD
u=Wv 8 pmW QO QDt 1000 w 10 |=ypw] w �B w A� CNU |=yx=oCN=U
hrDNt |=yQDt=Q=B QO |oDN}Uo ?} Q[ C=Q}F-=D 'QwmPt pmW QO "CU= xOW xO=O
ky=kmax V}=Ri= =@ xm OyO|t u=Wv hr=8 pmW "CU= xDiQo Q=Qk |UQQ@ OQwt
QiY Q@=Q@ u=mtQ}}eD '1 5 R= QDnQR@ ky=kmax R= w O@=}|t Vy=m |}=Hx@=H Q=Okt
"CU= xOW pY=L u=mtQ}}eD u} QDW}@ ky=kmax = 0 02 QO ,=@} QkD w OwW|t
?8 pmW "OwW|t xDU=m u=mtQ}}eD Q=Okt R= ky V}=Ri= =@ 'C@=F kmax QO u}vJty
"OQ=O |W}=Ri= OvwQ R}v u=mtQ}}eD Q=Okt (M) xrRrR |=oQR@V}=Ri= =@ xm OyO|t u=Wv
x@ 'O@=}|t Vy=m R}v |}=Hx@=H Q=Okt 'X=N |=oQR@ l} QO ky V}=Ri= =@ u}vJty
|oDN}Uo ?} Q[ u}@ �QDt 1000 VRer pw] |=Q@� hqDN= u} QDW}@ QO xm |wLv
xm OyO|t u=Wv G8 pmW "CU= Q@=Q@ 20 ,=@} QkD 0 4 |oDN}Uo ?} Q[ =@ 0 02
0 9 =D 0 1 u}@ PGA QO xm 'O@=}|t V}=Ri= R}v u=mtQ}}eD Q=Okt PGAV}=Ri= =@
u=mtQ}}eD Q=Okt ,=@} QkD PGA < 0 03 QO "OwW|t xOy=Wt u=mtQ}}eD u} QDW}@
xOW s}UQD CaQU |xv}W}@ x@ C@Uv |}=Hx@=H C=Q}}eD 'O8 pmW QO "CU= R}J=v
V}=Ri= R}v u=mtQ}}eD CaQU |xv}W}@ V}=Ri= =@ xm OyO|t u=Wv pmW u}= "CU=
xOy=Wt u=mtQ}}eD u} QDW}@ 'PGV = 100 cm=s QO xm |wLv x@ 'Ovm|t =O}B
C=Q}}eD 'w8 pmW "CU= R}J=v u=mtQ}}eD Q=Okt PGV < 5 cm=s QO w OwW|t
V}=Ri= =@ 'OwW|t xOy=Wt xm Qw]u=ty "OyO|t u=Wv =Q Ia x@ C@Uv |}=Hx@=H
u} QDW}@ Ia = 10 m=s QO xm |wLv x@ "O@=}|t V}=Ri= R}v u=mtQ}}eD Q=Okt Ia
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mWQ
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|v}
@V

}B

"C=Q}}eD x@ C@UvQDt 1000 w 10 |oDN}Uo pw] w |oDN}Uo hrDNt |=y?} Q[ QO CNU x=oCN=U u=mtQ}}eD C=Q}}eD "8 pmW

"12 w 11 |=yx]@=Q C@=F ?}=Q[ Q}O=kt "3 pwOH
sQv x=oCN=U CNU x=oCN=U QDt=Q=B
�18 919 �17 109 a1
�5 464 �5 046 a2

0 1 0 1 a3
0 126 0 107 a4
0 1 0 1 a5

1 361 1 079 a6

|=v@t Q@ \@=wQ QDW}@ "CU= QDt=Q=B OvJ x@ xDU@=w 'Qo}O |NQ@ QO w QDt=Q=B wO x@
xDU@=wQ}e w xDU@=w VwQ T=U=Q@ |tm O=OaD w OvDUy lQ=tw}v ?rY lwr@ VwQ
|x]@=Q =@ u=QoWywSB Q}=U \@=wQ |QDt=Q=B p}rLD |xU}=kt '9 pmW QO "OvDUy
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kmax

) � �4 Qo =
ln(D) =a1 + a2(�3 3) + a3 ln(L) + a4 ln(PGV )

+ a5 ln(Ia) + a6M (14)

Q@ L 'x}v=F Q@ QDt|Dv=U ?UL Q@ PGV 'C@=F ?}=Q[ a1; a2; :::; a5 'u; QO xm
\@=wQ QO "CU= QDt|Dv=U ?UL Q@ D w 'x}v=F Q@ QDt ?UL Q@ Ia 'QDt ?UL
|=Q@ w �76 CNU |=yx=oCN=U |=Q@ (R2) |oDU@ty ?} Q[ '14 |r= 12
QO x=oCN=U ẁv x@ xHwD =@ C@=F ?}=Q[ Q}O=kt "CU= �72 sQv |=yx=oCN=U

"CU= xOW x�=Q= 3 pwOH
'=Q xOWKqY= Q=oOv=t u=mtQ}}eD u=wD|t xOWx�=Q= |@ QHDxt}v \@=wQ x@ xHwD =@

"OQm |v}@V}B 'CU= xOW ^=Lr u; QO sDU}U MU=B w VRer pw] QF= xm

Q=oOv=t u=mtQ}}eD |x@U=Lt \@=wQ C}U=UL |UQQ@ "5
u}tND |=Q@ |O=} R \@=wQ 'CU= xOW u=}@ u}W}B |=yCtUk QO xm Qw]u=ty
QO =yu; R= |WN@ xm 'CU= xOW x�=Q= |m =N |=yOU w =y?}W Q=oOv=t pmWQ}}eD
xDU@=w \@=wQ R= |NQ@ QO =yu=mtQ}}eD "CU= xOW u=}@ u}W}B |=yVywSB CtUk
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C=}YwYN ẁv x@ xDU@=w |xOWx@U=Lt u=mtQ}}eD 'xOt;CUOx@ G}=Dv T=U=Q@
xO=ONQ |xrRrR 25 R= |W=v OQwmQ 1363 R= Qw_vt u}O@ "CU= R}v |OwQw |=yGwt

"\@=wQ Q}=U =@ VywSB u}= |x]@=Q l} QDt=Q=B |xU}=kt "9 pmW

x@ Q=Okt u}= '7 5 |=oQR@ QO w CU= Q@=Q@ 1 1 ,=@} QkD w lJwm |oDN}Uo pw] wO
xOW|v}@V}B u=mtQ}}eD PGV V}=Ri= =@ ?9 pmW QO "O@=}|t V}=Ri= 1 75
xDi=} V}=Ri= |]N CQwYx@ AM88 w �|oDN}Uo pw] wO Qy QO� JL \UwD
w HL10 'J07 u}vJty "Ov@=}|t V}=Ri= |}=tv CQwYx@ SR08 w FC77 w
hrDNt PGV QO hrDNt pw] wO u=mtQ}}eD u}@ |xU}=kt "OvDUy C@=F BT07
Q@=Q@ 3 ,=@} QkD PGV u} QDW}@ QO |oDN}Uo pw] wO u}@ hqDN= xm OyO|t u=Wv
wO Qy QO� JL |x]@=Q u=mtQ}}eD 'Ia V}=Ri= =@ xm OyO|t u=Wv G9 pmW "CU=
"OvDUy C@=F \@=wQ |k@=t w O@=}|t V}=Ri= SR08 w HL10 '�|oDN}Uo pw]

"OwW|t |Q@=Q@ 2 hqDN= x@ QHvt |oDN}Uo pw] C=Q}}eD

87

www.SID.ir

Archive of SID

www.sid.ir


"""|
m=N

|=y
?}W

|}x
RQr

Q=oO
v=tp

mWQ
}}eD

|v}
@V

}BVywSB u}= |x]@=Q l} QDt=Q=B |UQQ@ "CU= xOQmv O=H}= u=mtQ}}eD QO |Q}}eD
,=@} QkD w lJwm |oDN}Uo pw] wO u}@ hqDN= '5 5 |=oQR@ QO xm OyO|t u=Wv
|xU}=kt "O@=}|t V}=Ri= 1 75 x@ Q=Okt u}= '7 5 |=oQR@ QO w CU= Q@=Q@ 1 1
xm OyO|t u=Wv hrDNt Ia w PGV QO w hrDNt pw] wO QO u=mtQ}}eD u}@
Q@=Q@ 5 w 3 ,=@} QkD Ia w PGV u} QDW}@ QO |oDN}Uo pw] wO u}@ hqDN=

"CU=

QmWD w Q}OkD
x=oWywSB C}=tL =@ w 6724�A 94�27 Om =@ |WywSB xSwQB x@ xDU@=w VywSB u}=
x=oWywSB u}= |=y C}=tL R= xm OW=@ |t xrRrR |UOvyt w |U=vW xrRrR |rrtr= u}@

"OwW |t |v=OQOk w QmWD

QO Tm w Ia 'PGA 'PGV Q}_v hrDNt |=yQDt=Q=B QF= w xOW xO=iDU= u=yH QO
|oDN}Uo pw] hrDNt Q}O=kt u}vJty "CU= xDiQo Q=Qk |UQQ@ OQwt |}=Hx@=H
V}=Ri= R}v u=mtQ}}eD 'Ia w PGV 'PGV V}=Ri= =@ xm OyO|t u=Wv G}=Dv
u=mtQ}}eD |x@U=Lt |=Q@ =yQDt=Q=B u}= Q@ ptDWt |oDU@ty |rOt "OyO|t u=Wv
u=mtQ}}eD u}tND |=Q@ xOWx�=Q= \@=wQ u}@ C}U=UL p}rLD "CU= xOW x�=Q= Q=oOv=t
u=mtQ}}eD Ia w PGV '=oQR@ V}=Ri= =@ xm OyO|t u=Wv \@=wQ Q}=U w Q=oOv=t
'=yQDt=Q=B u}= V}=Ri= =@ \@=wQ |NQ@ QO xm |r=L QO 'O@=}|t V}=Ri= Q=DWwv u}=
x@ "Ov=t|t |k=@ C@=F u=mtQ}}eD Q=Okt Qo}O |NQ@ QO w V}=Ri= u=mtQ}}eD Q=Okt
u}= Q@ Q=_Dv= 'OvDUy \=@DQ= QO Qo}Om} x@ |awv x@ |}xRQr |=yQDt=Q=B xmv}= p}rO
|xU}=kt "OvW=@ xDW=O �u=Um} \}=QW QO� |y@=Wt C=Q}F-=D =yQDt=Q=B u}= xm CU=
s}rUD ?=DW QF= 'xOWx�=Q= \@=wQ R= l}I}y QO uwvm =D xm OyO|t u=Wv \@=wQ u}@
'VywSB u}= QO xOWx�=Q= |x]@=Q RH x@ |oDN}Uo pw] C=Q}}eD w xOWv p=ta= Q}eDt

CWwv=B
1. Yerba Buena Island

�References� `@=vt
1. Newmark, N.M. \E�ects of earthquakes on dams

and embankments", Geotechnique, 15(2), pp. 139-159
(1965).

2. Rathje, E.M. and Bray, J.D. \An examination of
simpli�ed earthquake-induced displacement procedures
for earth structures", Canadian Geotechnical Journal,
36(1), pp. 72-87 (1999).

3. Stamatopoulos, C.A. \Sliding system predicting large
permanent co-seismic movements of slopes", Earthquake
Engineering Structural Dynamics, 25(10), pp. 1075-1093
(1996).

4. Baziar, M.H., Rezaeipour, H. and Jafarian, Y. \De-
coupled solution for seismic permanent displacement of
earth slopes using deformation-dependent yield acceler-
ation", Journal of Earthquake Engineering, 16(7), pp.
917-936 (2012).

5. Makdisi, F.I. and Seed, H.B. \Simpli�ed procedure for
estimating dam and embankment earthquake-induced
deformations", ASCE Journal of the Geotechnical En-
gineering Division, 104(7), pp. 849-867 (1978).

6. Chopra, A.K. and Zhang, L. \Earthquake{induced base
sliding of concrete gravity dams", ASCE, Journal of
Structural Engineering, 117(12), pp. 3698-3719 (1991).

7. Bray, J.D. and Rathje, E.M. \Earthquake-induced dis-
placements of solid-waste land�lls", Journal of Geotech-

nical and Geoenvironmental Engineering, 124(3), pp.
242-253 (1998).

8. Rathje, E.M. and Bray, J.D. \Nonlinear coupled seismic
sliding analysis of earth structures", Journal of Geotech-
nical and Geoenvironmental Engineering, 126(11), pp.
1002-1014 (2000).

9. Baziar, M.H. and Jafarian, Y. \Assessment of earth
dams displacement during earthquake using newmark
and decoupled approaches", CD Proceedings of the First
European Conference on Earthquake Engineering and
Seismology, Geneva, Switzerland (3-8 September 2006).

10. Bray, J.D. and Travasarou, T. \Simpli�ed procedure for
estimating earthquake-induced deviatoric slope displace-
ments", Journal of Geotechnical and Geoenvironmental
Engineering, 133(4), pp. 381-392 (2007).

11. Rathje, E.M. and Antonakos, G. \A uni�ed model for
predicting earthquake-induced sliding displacements of
rigid and 
exible slopes", Soil Dynamics and Earthquake
Engineering, 122(1-2), pp. 51-60 (2011).

12. Lashgari, A. and Jafarian, Y. \Role of sliding block ro-
tation on earthquake induced permanent displacement
of earth slopes", 4th ECCOMAS Thematic Conference
on Computational Methods in Structural Dynamics and
Earthquake Engineering Kos Island, Greece (June 2013).

13. Ambraseys, N.N. and Menu, J.M. \Earthquake-induced
ground displacements", Earthquake Engineering and
Structural Dynamics, 16(7), pp. 985-1006 (1988).

14. Franklin, A.G. and Chang, F.K. \Earthquake resistance
of earth and rock-�ll dams: U.S. army corps of engineers
waterways experiment station", Miscellaneous Paper S-
71-17 rept. 5, 59 (1977).

15. Watson-Lamprey, J. and Abrahamson, N. \Selection of
ground motion time series and limits on scaling", Soil

88

www.SID.ir

Archive of SID

www.sid.ir


|Qo
Wr

|ra
wu

=}Qi
aH

QU=} Dynamics and Earthquake Engineering, 26(5), pp. 477-
482 (2006).

16. Jibson, R.W. \Regression models for estimating coseis-
mic landslide displacement", Engineering Geology, 91(2-
4), pp. 209-218 (2007).

17. Saygili, G. and Rathje, E.M. \Empirical predictive
models for earthquake-induced sliding displacements of
slopes", Journal of Geotechnical and Geoenvironmental
Engineering, 134(6), pp. 790-803 (2008).

18. Hsieh, S.Y. and Lee, C.T. \Empirical estimation of the
Newmark displacement from the Arias intensity and crit-
ical acceleration", Soil Dynamics and Earthquake Engi-
neering, 122(1-2), pp. 34-42 (2010).

19. Newmark, N.M. \A method for computation for struc-
tural dynamics", ASCE, Journal of the Engineering Me-
chanics Division, 85(1), pp. 67-94 (1959).

20. Hynes-Gri�n, M.E. and Franklin, A.G., Rationalizing
the Seismic Coe�cient Method, Paper GL-84{13, US
Army Waterway Experiment Station, Vicksburg (1984).

89

www.SID.ir

Archive of SID

www.sid.ir

