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|Q=@ pm}U 30 R= ẁtHt QO w s=Hv= nQR@ T=}kt QO xv=yOlD |xk@] 4 |xvwtv
w xOw@ u=UWmQ}e |xOwOLt QO pm}U 20 'CU= xOW p=ta= V}=tR; |xvwtv x@ xm
|Q}PBpmW 'O=} R |x}rw= |DNU 'V}=tR; |xvwtv xm CU= xOt; CUOx@ xH}Dv u}=
Ctw=kt x@ xvwtv xmv}= R= TB w xDW=O |O=} R |SQv= hqD= C}r@=k w '?wN |r}N

[11�10]"CU= xOW C@=F w |H} QOD |Q@ Q=@ C}iQ_ Ci= 'CU= xO}UQ |}=yv
'|}xr}t pOt w |Q}tN R}r=v; s}y=it R= xO=iDU= =@ R}v [12]'2003 p=U QO
OvJ |=y?=k QO |Oqwi |WQ@ |=yQ=w}O |}=yv Ctw=kt |x@U=Lt |=Q@ |DqO=at
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wO x@ h}a[ |WtN ?=k =@ xk@] 10 u=tDN=U l} |R=Usw=kt =@ '�|Rri |WQ@
|QO@ Q[ Ov@ Q=yt w |Oqwi |WQ@ Q=w}O |@v=H Q@ Q=@ sDU}U wO u}@ |}xU}=kt VwQ
|WtN ?=k '=]N w |aU C=}rta |QU l} =@ xm ?}DQD u}= x@ "CU= xOW s=Hv=
R= xO=iDU= =@ w |R=Uy@ ptar=QwDUO j@=]t w QwmPtC} wkD sDU}U wO\UwD Q_vOQwt
|R=Usw=kt VwQ wO |xU}=kt =@ ,=D}=yv "CU= xOW pQDvm |]NQ}e |m}D=DU= VwQ
Ea=@ |Oqwi |WQ@ Q=w}O R= xO=iDU= =@ |R=Usw=kt xm CU= xOW xOy=Wt xOWu=wva
QO |iQYt Oqwi u=R}t u}vJsy w OwW xv}y@ |xO=iDU= OwHwt ?=k R= xm OwW|t
CU= |QO@ Q[ Ov@ Q=yt R= QDtm �30 OwOL |Oqwi |WQ@ Q=w}O R= xO=iDU= Cr=L
|iQYt Oqwi u=R}t 'OwW xO=iDU= QDt|r}t 3 |xv}tm Ct=N[ =@ jQw R= xJv=vJ w

[2]"CU= |QO@ Q[ Ov@ Q=yt R= xO=iDU= Cr=L R= QDtm �15 OwOL
|Oqwi |=y?=k QO CBF w EBF |=yOv@ Q=yt|]NQ}e Q=DiQ |xU}=kt |=Q@
?=k l} |wQ Q@ QwLtuwQ@ w QwLtsy |=yOv@ Q=yt pt=W pOt 4 '|WtN w xO=U
OQwt =yvD |WtN ?=k =@ xU}=kt QO |WtN w xO=U Cq=YD= =@ 'xk@] 1 w xv=yO 1
ETABS 9 5 Q=Ri=sQv R= =ypOt |]N |L=Q] w p}rLD CyH w xDiQo Q=Qk |UQQ@
"CU= xOW xO=iDU= ABAQUS 6 8 Q=Ri=sQv R= =ypOt |]NQ}e p}rLD CyH w
|wQ Q@ u=mtQ}}eD VwQ x@ |]NQ}e |=yp}rLD pt=W xOt;pta x@ |=y|UQQ@
QO P�� |vLvt w |Q}PBpmW 'Q=DiQ Q_v R= =yv; |xU}=kt w |Oa)@ wO |=y?=k
u=Wv xv=yO 1 w xk@] 1 ?=k QO QwLtsy w QwLtuwQ@ |=yOv@ Q=yt OwHw =@ ?=k
|Q}PBpmW R= QDW}@ �1 7 \ki =Qo =w Ov@ Q=yt =@ |=y?=k |Q}PBpmW xm OyO|t

[3]"CU=Qoty |Ov@ Q=yt =@ |=y?=k
Ov@ Q=yt w QwLtsy Ov@ Q=yt '|WtN ?=k |=ysDU}U ha[ \=kv |UQQ@ QO
xOW xDN=OQB QwmPt |=ysDU}U ha[ \=kv u} QDpw=ODt w u} QDsyt x@ 'QwLtuwQ@
?=k |=ysDU}U |L=Q] QO OwHwt |=y|DU=m w =yO=Q}= |UQQ@ =@ Qw_vt u}O@ w
|=QH= w |L=Q] QO |}xt=vu}}; C=mv C}=aQ w K}LY |xO=iDU= C}ty= '|WtN
p}rO x@ =[a= u}= QO xOt;OwHwx@ |}xR=U |=yO=Q}= w |UQQ@ QwmPt |=ysDU}U
w K}LY |xO=iDU= xmv; xH}Dv "CU= xDiQo Q=Qk xHwD OQwt C=mv u; C}=aQ sOa
|=yx=oDUO hQ] R= xJ w u=L=Q] hQ] R= xJ |}xt=vu}}; C=mv |x}rm C}=aQ
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11 10 6 9 13 7 B Saratoga Loma prieta

10 08 6 7 14 B Pacoima Northridge

|x}=B VQ@ Vy w '|Q}tN pYit u}rw= p}mWD <=R= x@ x}=B VQ@ Vs 'u; QO xm
Perform Q=Ri=sQv R= =y?=k |t=tD |=Q@ QwmPt Q=Okt wO "CU= xR=U s}rUD OL
=@ "CU= xOW x�=Q= 3 pwOH QO w x@U=Lt =y?=k |=Q@ RS Q=Okt w xOW G=QNDU=
6 |x]@=Q R= xO=iDU= =@ =y?=k Q=DiQ ?} Q[ Q=Okt 'RSw R� QDt=Q=B wO x@ xHwD

"CU= xOW x�=Q= 3 pwOH QO u; G}=Dv xm 'CU= xOW x@U=Lt
xOWG=QNDU= C}iQ_ |vLvt R= xO=iDU= =@ xm '=y?=k Q=DiQ ?} Q[ |xU}=kt =@
Q=w}O =@ ?=k xm CU= xOW XNWt 'Ov=xOt; CUOx@ |]NQ}e |m}D=DU= p}rLD R=
?} Q[ u} QDtm |QO@ Q[ |Ov@ Q=yt ?=k w Q=DiQ ?} Q[ u} QDW}@ '|Oqwi |WQ@
Ov@ Q=yt ?=k Q=DiQ?} Q[ x@ |Oqwi |WQ@ Q=w}O Q=DiQ?} Q[C@Uv "OvQ=O =Q Q=DiQ
"CU= 1 58 w 1 56 '1 55 ?}DQD x@ xk@] 12 w 8 '4 |=y?=k QO |QO@ Q[
8 w 4 |=y?=k QO |WtN ?=k Q=DiQ ?} Q[ xm CU= xOW XNWt u}vJsy
xk@] 12 |=y?=k QO =t= 'CU= QDW}@ =Qo =w |Ov@ Q=yt ?=k Q=DiQ ?} Q[ R= xk@]
Q=DiQ ?} Q[ ,=vt[ "CU= QDW}@ |WtN ?=k R= =Qo =w |Ov@ Q=yt ?=k Q=DiQ ?} Q[

"CU= xDi=} Vy=m `=iDQ= V}=Ri= =@ =y?=k |t=tD |=Q@

p}rLD R= xO=iDU= =@ =y?=k T} RQDU}y |vLvt G=QNDU= "6"4
=y?=k |v=tR |xJN} Q=D |m}t=v}O

'=yu; Q=Owtv Q} R K]U |xU}=kt w =y?=k T} RQDU}y |vLvt sUQ Qw_vt x@
3 R= =OD@= 'CU=y?=k |SQv= ?PH u=R}t |xU}=kt CyH |YN=W u=wvax@ xm
"CU= xOW xO=iDU= 'xOW x�=Q= 4 pwOH QO =yu; C=YNWt xm CW=ov?=DW
u}= QO xm � l =N ẁv |=yQDt=Q=B 'VywSB u}= QO =yCW=ov?=DW ?=NDv= |=yQ=}at
20 R= QDtm xrY=i� xrRrR pUo x@ |m}ORv '�CU= xOW ZQi 2 ẁv l =N VywSB
6 5 R= QDW}@ xrRrR |oQR@ w 'x}v=F 10 R= QDW}@ QF-wt V@vH u=tR COt '�QDtwr}m

"Ov=xOW xDiQo Q_v QO QDW} Q
[17]'u=Q}= 2800 OQ=Ov=DU= VwQ R= xO=iDU= =@ '=yCW=ov?=DW ?=NDv= R= TB
TBU "CU= xOW x@U=Lt =yu; |=Q@ T=}kt ?} Q[ w T=}kt =yCW=ov?=DW
=yMU=B |xv}W}@ w xDiQo Q=Qk|v=tR |xJN} Q=D|m}t=v}Op}rLD w x} RHDCLD =y?=k
'9 pmW QO "CU= xOW s}UQD =y?=k T} RQDU}y |vLvt w G=QNDU= ?=k Qy |=Q@
|=Q@ PGA = 0 7 g Q=Okt xm =Qo =w Ov@ Q=yt =@ xk@] 8 ?=k T} RQDU}y |vLvt

"CU= xOW sUQ 'CU= xOt; CUOx@ u;
|YN=Wu=wvax@ =yu; Q=Owtv Q} RK]U '=y?=kT} RQDU}y|vLvt sUQ R=TB
QO =yu; G}=Dv xm 'CU= xOW x@U=Lt =y?=k |SQv= ?PH u=R}t |xU}=kt |=Q@

"CU= xOW x�=Q= 5 pwOH
|m}t=v}O p}rLD R= xm '=y?=k T} RQDU}y |vLvt Q} R K]U |xU}=kt =@
|WQ@ Q=w}O =@ ?=k xm CU= xOW XNWt 'Ov=xOt; CUOx@ |v=tR |xJN} Q=D
Q} R K]U u} QDtm |QO@ Q[ |Ov@ Q=yt ?=k w Q=Owtv Q} R K]U u} QDW}@ |Oqwi
|WQ@ Q=w}O =@ ?=k |=Q@ T} RQDU}y |vLvt Q} R K]U C@Uv "OvQ=O =Q Q=Owtv
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"xk@] 4 |=y?=k |Q=mVwH |xU}=kt "13 pmW

"xk@] 8 |=y?=k |Q=mVwH |xU}=kt "14 pmW

"xk@] 12 |=y?=k |Q=mVwH |xU}=kt "15 pmW

1 VwH sHL R= ?amt QDt|Dv=U Qy |xv} Ry xmv}= ZQi =@ 'OwW sy=Qi =y?=k
OQ=O OwHw =yjQw uORMB x@ R=}v |Pwiv VwH O=H}= |=Q@ xmv}= x@ xHwD =@ 'OW=@ OL=w
|x@ QHD =@ u=Q=mWwH R= j}kLD w [19]'u=tDN=U |rt C=QQkt 10 EL@t x@ xHwD =@ w
u=wD|t \UwDt Qw]x@ '|Oqwi |=yxR=U QO |r@k |}=QH= C=}@ QHD w |v=tDN=U
s=Hv= Cw=iDt |OwQDmr= =@ xm =Q |Pwiv VwH pw= T=B w =yjQw uORMB |xv} Ry
Kr=Yt |xv} Ry �30 |Oqwi |=yu=tDN=U QO pw=ODt |=yCt=N[ |=Q@ 'OQ}o|t
xOt;CUO x@ |Pwiv VwH sHL p}O@D |=Q@ Qw_vt u}O@ "CiQo Q_v QO |Q=mVwH
R= xOt;CUOx@ O=Oa= '�=yxv} Ry |xU}=kt Qw_vt x@� pO=at |xWwo VwH sHL x@

"Ov=xOW ?Q[ 1 3 ?} Q[ QO |Pwiv VwH
13|=ypmW x@ xHwD =@ '=y?=k|=Q@ pO=at|xWwoVwH sHL|x@U=Lt R= Oa@
xk@] 12 w 8 '4 |=y?=k |=Q@ =Q pO=at |xWwo VwH sHL ?}DQD x@ xm '15 |r=
Q=w}O =@ ?=k xm CU= xOW XNWt =y?=k |Q=mVwH |xU}=kt =@ 'OvyO|t u=Wv

"xk@] 4 |=y?=k uRw |xU}=kt "10 pmW

"xk@] 8 |=y?=k uRw |xU}=kt "11 pmW

"xk@] 12 |=y?=k uRw |xU}=kt "12 pmW

=y?=k |Q=mVwH sHL |xU}=kt "2"5
RH x@ RH CQwY x@ =OD@= 'R=}vOQwt |=y|Q=mVwH Q_v R= =y?=k |xU}=kt Qw_vtx@
'CU= xOW x@U=Lt R=}vOQwt |=yVwH Oa)@ Q}O=kt '=y?=k |=yCtUk s=tD |=Q@
VwH Q}O=kt R= xO=iDU= =@ TBU "CU= |Pwiv VwH w xWwo VwH pt=W xm
K]U =@ Q_=vDt |=yVwH pw] w x@U=Lt �D� =yVwH `]kt K]U 'xOt;CUOx@
pw] QO VwH `]kt K]U Q}O=kt ?Q[ =@ "CU= xOW x@U=Lt VwH |=y`]kt

"CU= xOW x@U=Lt =y?=k VwH sHL '=yVwH
=y?=k |=Q@ pO=at |xWwo VwH sHLQ}O=kt "1"2"5

=@ "Ov};|t CUOx@ =yVwH sHL Q}O=kt '=yVwH pw] QO `]kt K]U ?Q[ =@
u=wD@ xmv}= |=Q@ 'OvDUy |Pwiv VwH w xWwo VwH pt=W =y?=k xmv}= x@ xHwD
|xU}=kt u=mt= u; j} Q] R= =D O=O u=Wv OOa l} CQwYx@ =Q VwH sHL Q}O=kt
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UOv
yt |Oqwi |WQ@ Q=w}O \UwD xOW?PH |SQv= C@Uv "OvQ=O =Q |QDtm |SQv= ?PH

x@ xk@] 12 w 8 '4 |=y?=k QO |QO@ Q[ Ov@ Q=yt \UwD xOW?PH |SQv= x@
|SQv= ?PH C@Uv Qou=Wv QwmPt Q}O=kt "CU= 2 12 w 1 93 '1 81 ?}DQD
QO |QO@ Q[ |Ov@ Q=yt |=y?=k x@ C@Uv |WQ@ Q=w}O =@ |=y?=k QO QDW}@

"CU= QDW}@ C=k@] O=OaD
|=y?=k uRw w QDtm =y?=k Q}=U R= =Qo =w Ov@ Q=yt =@ |=y?=k uRw Cq=L s=tD QO "4
|WQ@ Q=w}O =@ |=y?=k uRw C@Uv "CU= QDW}@ xty R= |Oqwi |WQ@ Q=w}O =@
?}DQD x@ 'xk@] 12 w 8 '4 |=y?=k QO =Qo =w Ov@ Q=yt =@ |=y?=k x@ |Oqwi
`=iDQ= =@ |=y?=k QO OyO|t u=Wv ẁ[wt u}= xm 'CU= 1 5 w 1 6 '1 82
QD|O=YDk= |Oqwi |WQ@ Q=w}O =@ ?=k `k=w QO w QDtm =y?=k uRw hqDN= 'QDW}@

"OwW|t
XNWt xk@] 12 w 8 '4 |=y?=k QO '=y?=k |Q=mVwH sHL |xU}=kt =@ "5
Q=w}O =@ ?=k w |Q=mVwH sHL u} QDtm '=Qo =w |Ov@ Q=yt =@ ?=k xm CU= xOW
QO |Q=mVwH sHL C@Uv "OvQ=O =Q |Q=mVwH sHL u} QDW}@ '|Oqwi |WQ@
12 w 8 '4 |=y?=k QO =Qo =w Ov@ Q=yt =@ ?=k x@ |Oqwi |WQ@ Q=w}O =@ ?=k
xm OvyO|t u=Wv =yC@Uv u}= "CU= 1 28 w 1 34 '1 47 ?}DQD x@ 'xk@]
w OwW|t QDtm =y?=k |Q=mVwH sHL hqDN= 'QDW}@ `=iDQ= =@ |=y?=k QO

"CU= QD|O=YDk= |Oqwi |WQ@ Q=w}O =@ ?=k `k=w QO
xOW XNWt =y?=k |Q=mVwH sHL w =y?=k uRw QDt=Q=B wO |xU}=kt =@ "6
'|Oqwi |WQ@ Q=w}O =@ ?=k w KQ] u} QD|O=YDk= '=Qo =w Ov@ Q=yt =@ ?=k xm CU=
Q_v R= =y?=k hqDN= 'OwW QDOvr@ ?=k xJ Qy "OvQ=O =Q KQ] u} QD |O=YDk=Q}e
|Oqwi |WQ@ Q=w}O =@ ?=k 'C}=yv QO w OwW|t QDtm |Q=mVwH sHL w uRw

"OwW|t QD|O=YDk= =y?=k Q}=U x@ C@Uv
?=k R= xO=iDU= 'KQ] O=YDk= w |}xRQr OQmrta |=yQDt=Q=B uDiQoQ_vQO =@ "7
w ?wN |}xRQr OQmrta p}rO x@ 'xk@] 8 w 4 |=y?=k |=Q@ =Qo =w |Ov@ Q=yt
p}rO x@ 'QDW}@ w xk@] 12 |=y?=k |=Q@ =t= 'CU= ?U=vt ?=k uOw@|O=YDk=
QO xmv}= p}rOx@ u}vJsy w |Oqwi |WQ@ Q=w}O ?U=vt Q=}U@ |}xRQr OQmrta
'OwW|t QD|O=YDk= =y?=k Q}=U x@ C@Uv |Oqwi |WQ@ Q=w}O =@ ?=k C}=yv

"CU= |@v=H Q@ Q=@ sDU}U u} QD?U=vt ?=k u}=

|Ov@ Q=yt ?=k '|WtN ?=k u; R= Oa@ w |Q=mVwH sHL u} QDW}@ '|Oqwi |WQ@
R=}vOQwt VwH p}rO x@ |Oqwi |WQ@ Q=w}O "OvQ=O =Qo =w |Ov@ Q=yt ?=k w |QO@ Q[
|xLiY p=YD= u}vJty w h=Q]= |=yuwDU w =yQ}D x@ jQw p=YD= |W@v p=YD= |=Q@
|WtN ?=k "OvQ=O R=}v |O=} R |Q=mVwH x@ '=y|W@v u}= x@ |Oqwi |WQ@ Q=w}O
|=y?=k x@ C@Uv |QDW}@ |Q=mVwH 'uwDU x@ Q}D p=YD= ?rY VwH p}rOx@ R}v
x@ |Oqwi |WQ@ Q=w}O =@ ?=k VwH sHL C@Uv "OQ=O =Qo =w w |QO@ Q[ |Ov@ Q=yt
w 1 34 '1 47 ?}DQD x@ xk@] 12 w 8 '4 |=y?=k QO =Qo =w |xOW|Ov@ Q=yt ?=k
|Q=mVwH sHL hqDN= 'OwW QDW}@ xR=U `=iDQ= xJ Qy ?}DQD u}= x@ "CU= 1 28

"OwW|t QD|O=YDk= w QDtm =y?=k Q}=U x@ C@Uv |Oqwi |WQ@ Q=w}O =@ ?=k

|Q}oxH}Dv "6
w |}xRQr OQmrta QDt=Q=B wO x@ xHwD =@ 'sRq C=@U=Lt w =yp}rLD s=Hv= R= TB
%CU= xOt; CUOx@ G}=Dv u}= 'xk@] 12 w 8 '4 |Oa)@ wO |=y?=k |=Q@ KQ] O=YDk=
'�Q=Owtv ?}W� |DNU |=yQDt=Q=B |UQQ@ w =y?=k C}iQ_ |vLvt |xU}=kt =@ "1
?PH w �|a=HDQ=Q}e |x}L=v x@ OwQw R= Oa@ s=@ u=mtQ}}eD u=R}t� |Q}PBpmW
'|Oqwi |WQ@ Q=w}O =@ ?=k xm CU= xOW XNWt �Q=Owtv Q} R K]U� |SQv=
w �O=} R |SQv= ?PH w O=} R |Q}PBpmW 'O=} R |DNU� |}xRQr OQmrta u} QDy@
?PH w |Q}PBpmW� ?U=vt |}xRQr OQmrta '=Qo =w |Ov@ Q=yt ?=k u; R= Oa@
OQmrta u} QD?U=vt=v '|QO@ Q[ Ov@ Q=yt =@ ?=k u}vJsy "OvQ=O =Q �O=} R |SQv=

"OQ=O =Q �sm |SQv= ?PH w |Q}PBpmW� |}xRQr
|WQ@ Q=w}O =@ ?=k xm CU= xOW XNWt =y?=k Q=DiQ ?} Q[ |xU}=kt =@ "2
?} Q[ u} QDtm '|QO@ Q[ |Ov@ Q=yt ?=k w Q=DiQ ?} Q[ u} QDW}@ '|Oqwi
QO |WtN ?=k Q=DiQ ?} Q[ xm CU= xOW XNWt u}vJsy "OvQ=O =Q Q=DiQ
QO =t= 'CU= QDW}@ =Qo =w |Ov@ Q=yt ?=k Q=DiQ ?} Q[ R= xk@] 8 w 4 |=y?=k
QDW}@ |WtN ?=k R= =Qo =w |Ov@ Q=yt ?=k Q=DiQ ?} Q[ xk@] 12 |=y?=k
"CU= xDi=} Vy=m =y?=k |t=tD Q=DiQ ?} Q[ '`=iDQ= V}=Ri= =@ u}vJsy "CU=
CU= xOW XNWt =y?=k T} RQDU}y |vLvt Q=Owtv Q} R K]U |xU}=kt =@ "3
'|QO@ Q[ |Ov@ Q=yt ?=k w QDW}@ |SQv= ?PH '|Oqwi |WQ@ Q=w}O =@ ?=k xm
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