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QO "Ci=} CUO u=wD|t QDh} Q_ w QDl@U ?D=Qtx@ |a]=kt x@ '`]kt 1u=UWm C}iQ_
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T=U=Q@� |}=yv Ctw=kt VwQx@ xOW|L=Q] w '|Oa@xU |xS} w |WtN ?=k =@ xk@] 8
w ASCE07 |=yxt=vu}}; QO xOW |R=U=OH |=yxR=U KQ] \@=w[

w 475 CWoR=@ |xQwO =@ l}ORv |xRwL |=yxRQru}tR Q@=Q@ QO '�AISC360� 05
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x@ l}ORv |xRwL 'OQmrta T=U= Q@ |L=Q] 'x}=B R= |R=U=OH %|O}rm u=oS=w
"|]NQ}e |xR=UwQ 'pUo

xtOkt "1
ZQi =@ �IO� xikw|@ |xO=iDU= C}r@=k OQmrta K]U x@ |@=}CUO |=Q@ Q=@l}
K]U |=Q@ '\UwDt C}ty= xHQO ZQi =@ Qo}O Q=@ w 'xR=UwQ |=Q@ q=@ C}ty= xHQO
=@ ?U=vDt� l}ORv |xRwL O}OW |=yxRQru}tR Q@=Q@ QO �LS� |v=H |vt}= OQmrta
R= pY=L |=yMU=B w xOW|L=Q] �FEMA356 ptar=QwDUO QO wO Q]N K]U
Vy=m u=R}t R}v w K]U wO u}= QO xOt; CUO x@ |]NQ}e |m}t=v}O |=yp}rLD
wO OQmrta u}vJty "OQ}o|t Q=Qk |@=} RQ= OQwt 'xR=UwQ KQ] QO xDiQ Q=mx@ `]=kt
=@ =t= l}ORv |xRwL |=yxRQru}tR Q@=Q@ QO xDi=}Vy=m `]=kt =@ xk@] 8 w 5 xR=U
=yxt=vu}}; "CiQo Oy=wN Q=Qk |UQQ@ OQwt 'l} Q]N K]U =@ ?U=vDt w QDsm COW
'AISC360� 05 %R= Ov=CQ=@a VywSB u}= QO xO=iDU= OQwt |=yptar=QwDUO w
Ctw=kt VwQx@ xR=UwQ |x}rw=|L=Q] R}v w [3w2] FEMA356 wASCE07�05

"CU= xDiQo s=Hv= |}=yv

p}rLD VwQ w xR=UwQ |UOvy C=YNWt "2
|xv=yO 5 |=Q=O w uQ=kDt uqB QO 'xk@] 8 w 5 pOt wO Qy QO xDiQ Q=mx@ |=yxR=UwQ
u=}t =D u=}t `=iDQ= w xOW ZQi ?rY =yhkU p=O "CU= CyH Qy QO |QDt 5
CmQL |R=UxJQ=Bl} |=Q@ ?rY p=O l} R= u}vJty "CU= QDt 3 pO=at C=k@]

|xO=iDU= OQmrta K]U x@ |@=}CUO |=Q@ =OD@= QO 'x}=B R= |R=U=OH ui R= |Q}oxQy@
'=yu=DUQ=t}@ Q}_v � q=@ C}ty= =@ |=yxR=U QO O}OW |=yxRQru}tR Q@=Q@ QO xikw|@
|=H xrRrR w xR=U |UOvyt QO � |N} Q=D |=y=v@ =} |D=Q@=Nt Rm =Qt '|v=WvVD; Rm =Qt
|=yxRQru}tR QO xS} wx@ QY=va u}= R}t;C}kiwt OQmrta |x}=B Q@ w OQm R=@ =Q OwN

"Ci=} VQDUo �1995� ?m w �1994� G} QDQwv *O}OW
xDi=}p=kDv= |=ywQ}vVy=m =@ xmCU=|}=xvwox@ u} wv |Qw=:vi u}=?U=vt OQmrta
|=yxR=U x@ C@Uv QDl@U `]=kt R= |Q}oxQy@ u=mt= 'xR=UwQ |xQm}B x@ QDU@ R=
"Ot=Hv=|t QDu=RQ= |}xR=U CN=U x@ C}=yv QO w OwW|t sy=Qi x@=Wt C@=F x}=B
=yxR=U CN=U w KQ] QO VwQ u}= R= xO=iDU= x@ |twta p=@k= xRwQt= ^=Lr u}tyx@
Rm =Qt Q}_v \UwDt C}ty= =@ |=yxR=U CN=U QO xm =Hv; R= "CU= xDi=} |vwRi
xR=UwQ OQmrta K]U ^iL x@ |R=}v K=Q] '|vwmUt pR=vt =} |Q=O= � |Q=HD
VywSB u}= QO 'OQ=Ov |R}NxRQr Q]N R= K]U Qy Q@=Q@ QO xikw|@ |xO=iDU= OwOLQO
OQmrta K]U 'OQmrta T=U=Q@ |L=Q] |=yQ=}at w s}y=it R= |Q}oxQy@ =@ =D s}v;Q@
h} Q=aD =@ ?U=vDt 'wO Q]N K]U QO |v=H |vt}= OL =D =Q |UQQ@ OQwt |=yxR=U
=@ xk@] 8 w 5 |xR=U wO 'wQ u}= R= [1]"s}yO Vy=m FEMA356 ptar=QwDUO
|@ QU |xDUy =@ |m}DUq |=yR=U=OH R= xO=iDU= =@ w xS} w |WtN ?=k CrmU=
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KQ]QF-wt |DNU |xOv}=tv Keff 'R=U=OH ?w=vD u=tR |xOv}=tv T 'pwOH u}= QO

|xOv}=tv D 'R=U=OH |x}rw= |DNU |xOv}=tv K1 'KQ] |}=Hx@=H QO R=U=OH
w 'R=U=OH s}rUD |wQ}v Fy 'pO=at GRr |}=Q}t ?} Q[ � 'R=U=OH |}=Hx@=H
|]NwO |vLvt QO R=U=OH s}rUD R= V}B x@ s}rUD R= TB |DNU C@UvK2=K1
xOW|iQatC}tm |xOvyOu=Wv?}DQDx@M wD|=yT}Ov= "CU=pmW Q}}eD � wQ}v
=yxt=vu}}; QO OwHwt \@=w[ T=U=Q@ OwW|t u=Wv Q]=N "CU= KQ] |}=Hx@=H QO
KQ] |xRQru}tR QO R=U=OH |}=Hx@=H xv}W}@ u=R}t 'xOWO=} |=yptar=QwDUO w
uDiQo Q_vQO =@ w 1 |x]@=Q R= |O=R; xHQO l} |Qou=Uwv u=mt Q}}eD =@ ?U=vDt
l =N� wO ẁv l =N |=Q@ u=Q}= |R}NxRQr |=yxO=O =@ ?U=vDt |i}] ?=DW Q}O=kt
u}tR ?=DW T=}kt QO SM1 = 0 825 w SD1 = 0 55 '�sQv nvU w CNU

"OwW|t OQw;Q@ g
DD =

gSD1TD4�2BD
; DM =

gSM1TM4�2BM
(1)

|v=tR xJN} Q=D |=yCW=ov "4
|xOvQ=OQ@ QO 'O}OW |=yxRQru}tR QO pUo x@ l}ORv |xRwL QO OwHwt |=yCW=ov
x@ '|vqw] ?w=vD u=tR =@ |}=yCW=ov?=DW OwHw "CU= |SQv= R= |}q=@ Kw]U
w Ot=Hv=|t q=@ Q=}U@ |=yxvt=O =@ u=mt Q}}eD w CaQU |=yCW=ov uOt;O}OB
QO "Ovm|t pkDvt xR=U |xQm}B x@ =Q |Diovy |SQv= 'x=Dwm Q=}U@ |v=tRCOt QO
xRQru}tR |SQv= Vvm =QB |=Q@ |}xr}Uw x@ p}O@D OwN xR=U CrmU= 'Ov}=Qi u}=
Ov=wD|t 'Cq=YD= w =[a= QO |Q}tN |=yxNQJ OL R= V}@ O=H}= =@ xm xOW
KQ] u=Q=mQOv=CUO w u=QoVywSB 'wQ u}= R= "OQw; sy=Qi =Q xR=U VR} QwQi C=@Hwt
|=yxR=U ?U=vt OQmrta R= u=v}t]= ?Um Qw_vtx@ xrRrR Q@=Q@ QO sw=kt |=yxR=U
pUo x@ l}ORv pY=wi QO |]NQ}e |=yVwQ |Q}oQ=mx@ R= Q} Ro =v 'xOW|L=Q]
uOw@ Q}osWJ x@ u=wD|t 'l}ORv |xRwL |=yxRQru}tR |=y|oS} w Qo}O R= "OvDUy
xm OQm xQ=W= QwO |xRwL QO xOWC@F |=yCW=ov x@ C@Uv s�=k ?=DW |xir-wt
|L=Q] w p}rLD Ov}=Qi QO 'xRQru}tR s�=k |xir-wt |Q}oQ_vQO x@ h_wt u=L=Q]

"OvDUy
'u; QU=DQU QO Q=tW|@ |=ypUo OwHw w u=Q}= |R}NxRQr |=y|oS} w x@ xHwD =@
xR=U OQmrta K]U =} |Q=O}=B ^iL |=Q@ |L=Q] |=yxw}W QO |QovR=@ swRr R}v w
|xRQru}tR Q=yJ x@ \w@ Qt |=yCW=ov R= 'l}ORv |xRwL |=yxRQru}tR Q@=Q@ QO
�1979� Imperial Valley w �1995� ?m '�1994� G} QDQwv '�1978� T@]
"CU= xOW |Q}oxQy@|v=tR |xJN} Q=D p}rLD QO xO=iDU= OQwt |=yxRQru}tR u=wvax@
�1979�Imperial Valley w �1995� ?m '�1994� G} QDQwv |xRQru}tR xU
|=yxRQr CLD Q=DiQ |@=} RQ= |=Q@ xS} wx@ 'xOW|R=U=OH |=yxR=U KQ] QO ,=twta
|xJN} Q=D |=yCW=ov Vv} Ro Q=}at [4]"OwW|t xDiQo Q=m x@ 'l}ORv |xRwL O}OW
|=yV@vH |xS} w C=Q}F-=D R}v w u=mt Q}}eD w CaQU O}OW |=yxvt=O OwHw '|v=tR

"SAP2000 Q=Ri= sQv QO �AJ� xk@] 8 w �CU=Q� xk@] 5 |=yxR=U "1 pmW

xO}WwB QU C=k@] |xOQt Q=@ "CU= xOW xO=iDU= |Q=Ri=sQv pOt QO =yR=U=OH
xOQt Q=@ R= s=@ |Q=PoQ=@ |=Q@ w CU= 400 kg/m2 u; |xOvR Q=@ w 700 kg/m2

xDiQ Q=mx@ `]=kt "CU= xOW xO=iDU= 150 kg/m2 xOvR Q=@ QU w 600 kg/m2

|=[a= |=Q@ |]wk w 'Q}D |=[a= |=Q@ IPE |xOWOQwv p}iwQB ẁv R= xR=UwQ QO
"CU= uwDU

l}ORv |xRwL |=yxRQru}tR Q@=Q@ QO Q_v OQwt |=yxR=UwQ OQmrta xm =Hv; R=
|R=U=OH |=yxR=U KQ] \@=w[ R= xO=iDU= =@ =OD@= 'CU= |}=yv KQ] |x�=Q= |=v@t
xR=UwQ |x}rw= KQ] 'AISC360�05 w ASCE07�05 |xt=vu}}; wO QO xOW
"O};|t CUO x@ pO=at |=DU}= VwQx@ SAP2000v11.0.8 Q=Ri=sQv |Q}oQ=mx@ =@
FEMA356 ptar=QwDUO QO xOWx�=Q= VQ}PB |=yQ=}at T=U=Q@ KQ] u}= TBU
w xDiQo Q=Qk uwRi=Q=@ |=DU}= p}rLD CLD '|OQmrta VwQx@ =yxR=U |L=Q] |=Q@
xOW KqY= |=yxR=U Q=DiQ "OwW|t KqY= R=}v OQwt OQmrta K]U OQw;Q@ =D `]=kt
CWoR=@ xQwO =@ l}ORv |xRwL CW=ov 3 Q@=Q@ QO |]NQ}e |=DU}= p}rLD Ov}=Qi QO
w xDiQoQ=Qk |]NQ}e |=} wB |@=} RQ= OQwt �wO Q]N K]U =@ ?U=vDt� p=U 2475
"OwW|t KqY= KQ] '|}xR=U |=[a= QO VQ}PB |=yQ=}at uOWvxOQw;Q@ CQwY QO
w xikw|@ |xO=iDU= OQmrta K]U =@ xvwtv wO Qy |=Q@ |}=yv KQ] uOt; CUO x@ =@
K]U =@ Q_=vDt� xDi=} Vy=m `]=kt =@ xR=U OQmrta '|v=H |vt}= OQmrta K]U
p=U 475 CWoR=@ xQwO =@ l}ORv |xRwL CW=ov 3 CLD �|v=H |vt}= OQmrta
xOWx�=Q= KQ] wO QO |iQYt Oqwi QO Vy=m Q=Okt C}=yv QO "OwW|t |UQQ@ R}v
5 |=yu=tDN=U |=ypOt R= |}=tv "OwW|t xU}=kt Cw=iDt OQmrta K]U wO |=Q@

"CU= xOW xO=O u=Wv 1 pmW QO SAP2000v11.0.8 Q=Ri=sQv QO xk@] 8 w

R=U=OH sDU}U C=YNWt "3
2|@ QU |xDUy =@ |m}DUq |=yQo =OH 'VywSB u}= QO xO=iDU= OQwt |=yR=U=OH
xR=U wO Qy |=Q@ u; C=YNWt w CU= R=U=OH ẁv u} QDOQ@ Q=mQB R= |m} xm CU=
=yR=U=OH KQ] QO xO=iDU= OQwt \@=wQ "CU= xOW x�=Q= 1 pwOH QO xk@] 8 w 5

[4]"CU= xOW QmP R}v
"xO=iDU= OQwt |=yR=U=OH C=YNWt "1 pwOH

K2=K1 Fy K1 Keff DM DD �M �D TM TD xR=U��� (kN) (kN/m) (cm) (cm) ��� (s)

10 43 93 2644 64 449 61 39 21 17 25 2 8 2 5 xk@]5
10 66 43 3999 28 679 91 39 21 17 25 2 8 2 5 xk@]8
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Ovtw
Q@=O

}tQ=
Bw

xO=R
|v=Q

yDu
UL

t "|v=tR |xJN} Q=D |=yCW=ov C=YNWt "2 pwOH
K]U PGD PGD PGD PGV PGV PGV PGA PGA PGA00 xrY=i x=oDU}= xrRrRQ]N (cm) (cm/s) (g) (km)

1 8 62 10 66 15 08 17 71 23 13 40 44 0 55 0 31 0 34 9 2 Arleta Northridge

Fire Station 1994

1 8 69 15 09 21 25 19 46 50 63 0 42 0 35 0 51 2 6 LA Dam
Northridge

1994

1 19 8 63 35 4 38 43 90 53 46 87 0 54 0 38 0 52 1 EL centro
Imperial

Array5 Valley

1979

2 16 4 95 38 7 44 41 121 22 97 76 0 69 0 85 0 835 3 Tabas
Tabas

1978

2 4 47 33 7 35 7 16 120 7 127 2 0 27 0 61 0 61 0 3 Takatory
Kobe

1995

2 25 7 45 2 54 3 34 6 102 2 117 4 0 59 0 9 0 61 6 2
Sylmar

Northridge
Converter 1994

station

"xR=UwQ hOy u=mtQ}}eD Q}O=kt "3 pwOH
OQmrta K]U

LS IO

xR=UD0M D0D D0M D0D
(cm) (cm)

30 17 40 20 xk@]5
28 16 39 20 xk@]8

QO |UQQ@ OQwt |=yxR=U hOy u=mt Q}}eD \=kv "CU= xOW xO=O C@Uv xR=UwQ
"CU= xOW x�=Q= 3 pwOH

QG1 = 1 1 (D + Leff ) ; QG2 = 0 9D (2)

"CU= xR=U Q@ QF-wt |xOvR Q=@ QU Leff w xOQt Q=@ D u; QO xm
D0D = DDr

1 +
�
Te
TD

�2 ; D0M = DMr
1 +

�
Te
TM

�2 (3)

?w=vD u=tR Te w 'wO w l} Q]N K]U QO hOy \=kv D0M w D0D '\@=wQ u}= QO
"CU= FEMA356 ptar=QwDUO QO xOWx�=Q= h} Q=aD j@=]t C@=F xR=UwQ pO=at
Q@=Q@ QO Oa@ |xrLQt QO '|]NQ}e |=DU}= p}rLD R= xOt; CUO x@ |=yxR=U
OQwt OQmrta K]U uOWv =[Q= CQwY QO w xDiQo Q=Qk |]NQ}e |=} wB p}rLD
xHwD u=}=W "OwW|t KqY= u}W}B pL=Qt QO xOt; CUO x@ `]=kt 'xR=U R= R=}v
Qy "CU= xOW p=ta= xR=U x@ |a}@] T=}kt =@ xOW|iQat |=yCW=ov xm CU=
C=QF= w xOW xO=O QF= xR=U Q@ u=tRty CQwYx@ 'xRQru}tR l} Ot=aDt |xir-wt xU

[6w5]"CU= xOw@ =RxRQr pUo R= xrY=i w |Q}PBCyH Ov}=Qi uwJty 'l}ORv |xRwL
x�=Q= 2 pwOHQO l} Qy =@ Q_=vDt Q]N K]U w xOWO=} |=yCW=ov C=YNWt
QDsm xO=iDU= OQwt |=yCW=ov O=OaD Q]N R= K]U Qy QO xm =Hv; R= "CU= xOW
|Q=Pox}=B xR=U QO xOWO=H}= |=[=kD xv}W}@ T=U=Q@ KQ] |=v@t 'CU= OOa 7 R=

"CU= xOW

xR=UwQ |L=Q] Ov}=Qi "5
R=U=OH |=y|oS} w Q}F-=D CLD ,=twta 'xOW|R=U=OH |=yxR=U QO xR=UwQ KQ]
QDW}@ pY=L |x}=B VQ@ O}=@ '=DU}= VwQx@ xR=UwQ |x}rw= |L=Q] QO "OQ=O Q=Qk
KQ] ?w=vD u=tR =@ 'C@=F x}=B x@=Wt u=tDN=U l} Q}_v |x}=B VQ@ "1 %R= OW=@
xm R=U=OH sDU}U pt=m |R=Up=ai |=Q@ sRq |wQ}v Q@=Q@ 1 5 "2 &�TD� R=U=OH
|=yR=U=OH Ovv=ty xOvwWsQv |=ysDU}U QO s}rUD |wQ}v Q@=Q@ 1 5 =@ CU= Q@=Q@
u}= QO xO=iDU= OQwt |=yR=U=OH QO "OW=@ QDV}@ '|@ QU |xDUy =@ |m}DUq
xOw@ sm =L |L=Q] Ov}=Qi Q@ R=U=OH sDU}U pt=m |R=Up=ai |=Q@ sRq |wQ}v 'KQ]

"CU=
|xR=U '|}=yvCtw=kt VwQx@ xR=UwQ KQ] w pO=at |=DU}= p}rLD s=Hv= R=TB
\@=w[ T=U=Q@ "OQ}o|t Q=Qk uwRi=Q=@ |]NQ}e |=DU}= p}rLD CLD xOt; CUO x@
s�=k |=y|Q=PoQ=@ QF= CLD xR=U O}=@ =OD@= 'FEMA356 ptar=QwDUO QO OwHwt
pY=L =@ ?U=vDt |@v=H Q=@ |wor= CLD TBU w 'OQ}o@ Q=Qk 2 |x]@=Q QO xOWx�=Q=
R= xOt;CUO x@ hOy u=mt Q}}eD =D u; pw= Ot pmW QO u=tDN=U sQH ?Q[
QO xR=UwQ OQmrta K]U "OQ}oQ=Qk R=U=OH sDU}U sQH RmQt QO `k=w '3 |x]@=Q
w pY=it VywSB u}= QO "CU= u; OQ =} VQ}PB |=v@t 'xOWXNWt *hOy |x]kv
|=[a= x@ FEMA356 ptar=QwDUO QO OwHwt \@=w[ T=U=Q@ VQ}PB |=yQ=}at
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=yxR
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OQm

rta
KQ]"xk@] 5 u=tDN=U QO OQmrta K]U wO QO xR=UwQ |=[a= "4 pwOH

OQmrta K]U
LS IO xk@]

uwDU `]kt Q}D `]kt uwDU `]kt Q}D `]kt
Box28�28�2 IPE330 Box28�28�2 IPE360 1
Box28�28�2 IPE270 Box28�28�2 IPE360 2
Box28�28�2 IPE270 Box28�28�2 IPE330 3

Box20�20�1 5 IPE240 Box20�20�1 5 IPE300 4
Box20�20�1 5 IPE200 Box20�20�1 5 IPE240 5

"xk@] 8 u=tDN=U QO OQmrta K]U wO QO xR=UwQ |=[a= "5 pwOH
OQmrta K]U

LS IO xk@]
uwDU `]kt Q}D `]kt uwDU `]kt Q}D `]kt

Box34�34�2 IPE360 Box36�36�2 IPE500 1
Box34�34�2 IPE360 Box34�34�2 IPE500 2
Box30�30�2 IPE360 Box30�30�2 IPE450 3
Box30�30�2 IPE330 Box30�30�2 IPE400 4

Box25�25�1 5 IPE300 Box28�28�2 IPE400 5
Box24�24�1 5 IPE300 Box28�28�2 IPE330 6
Box22�22�1 5 IPE270 Box22�22�1 5 IPE300 7
Box20�20�1 5 IPE220 Box20�20�1 5 IPE240 8

�sQv |xR=UwQ� =Q |v=H |vt}= |=yQ=}at T=U=Q@ xOW|L=Q] |xR=UwQ w ?rY
"s}t=v|t

|=[a= |Q}tN VNQJ '4 w 3 |=ypmW QO xOWx�=Q= |=yQ=Owtv x@ xHwD =@
CW=ov u=mt Q}}eD w CaQU G=wt= Ovr@ |=yxvt=O Q}F-=D CLD COWx@ |}xR=U
|=yxvt=O w QDsm |xv}W}@ ?=DW |=Q=O |=yxir-wt xm |}xvwox@ 'CU= xOw@ xRQru}tR
|x}L=v QO xR=U QDW}@ |wQW}B w CQ=UN O=H}= ?Hwt 'QDq=@ |}=Hx@=H w CaQU
wO x@ xR=UwQ |]NQ}e MU=B Cw=iD x@ u=wD|t u; |=yxvwtv R= xm CU= xOW |Q}tN
QO "OQm xQ=W= �1979� Imperial Valley w �1994� G} QDQwv |xRQru}tR |xir-wt
?=DW |=Q=O |xir-wt Q@=Q@ QO xR=UwQ R= xOt; CUO x@ MU=B '=yxRQru}tR u}= |wO Qy
|xRQru}tR Q@=Q@ QO xR=U wO Qy Q=DiQ u}vJty "CU= xOw@ QD|v=QL@ 'QDsm |xv}W}@
=[a= |Q}tN |=yVNQJ Q}F-=DCLD |O=} R OwOL=D �1979� Imperial Valley

90 5 cm/sCaQU |xvt=O xv}W}@ OwHw u;Cra xmCU=|v=H|vt}= |x}L=v QO
xRQru}tR yCyH |xir-wt x@ \w@ QtCW=ov QO 63 cm u=mt Q}}eD |xvt=O xv}W}@ w
QO |Q}PBCyH uwJty |}=yxO}OB C=Q}F-=D OwHw p}rOx@ O=Oa= u}= |m}ORv "CU=
K]U QO |@=NDv= |=yxRQru}tR QO Q}_v Q}O=kt x@ [6w5]'xrRrR R= xOv=t |=HQ@ CW=ov
QO OQmrta x@ 'xRQru}tR u}= Q@=Q@ QO xR=U |Q=DiQ Cy=@W O=H}= Ea=@ 'wO Q]N

`]=kt 5 w 4 pw=OH "CU= xOW xDiQo Q_v QO p}rLD Ov}=Qi QO p� � w P ��

"OyO|t u=Wv xk@] 8 w 5 xR=U wO |=Q@ =Q OQmrta K]U Qy QO xOt; CUO x@ |}=yv
x@ xDi=} Vy=m w hQ=aDt OQmrta K]U wO QO 'xR=U wO Qy C}iQ_ |vLvt u}vJty
xOW xO=O u=Wv 2 pmW QO 'u; |Q@ Q=@ C}iQ_ w |Q}PBpmW u=R}t |xU}=kt CyH
C}iQ_ O}OW Vy=m ?Hwt u=tDN=U OQmrta K]U Ci= 'Q=_Dv= j@=]t "CU=

"Ci=} Oy=wN V}=Ri= u; |Q}PBpmW 'p@=kt QO w OwW|t |Q@ Q=@

Q]N Kw]U QO xR=U |m}t=v}O |=yMU=B |@=} RQ= "6
wO w l}=[a= |Q}tN VNQJ xv}W}@ "1"6

|xO=iDU= Cr=L QO xOW|L=Q] |=yxR=U xwQo wO Qy QO xOWO=H}= pY=it |UQQ@
?}DQDx@ xm =Q y w x O=ODt= wO QO xR=U Q=DiQ Cw=iD '|v=H |vt}= w xikw|@
TB u}= R= "OR=U|t u=}=tv 'CU= xDiQo Q=Qk xRQru}tR |ki= |=yxir-wt Q@=Q@ QO
|xR=UwQ 'xikw|@ OQmrta K]U |=Q@ xOW |L=Q] |xR=UwQ '|O=OQ=Qk Qw]x@
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"xk@] 8 |xR=U QO =yQ}D |Q}tN VNQJ xv}W}@ "4 pmW

'�1979� Imperial Valley |xrRrR QO xR=U Q=DiQ "CU= xOW wO Q]N K]U
|=Q@ |@U=vt Q=}at Ov=wD|tvCW=ov |xv}W}@ ?=DW Q=Okt xm OyO|t u=Wv |@ wNx@
QO xR=U Q=DiQ =Q} R "OW=@ pUo x@ l}ORv |xRwL QO xS} wx@ 'sw=kt |=yxR=U |L=Q]
u}= Q@=v@ "CU= |}=Hx@=H w CaQU |SQv=QB |=yGwt Q}F-=D CLD COWx@ j]=vt u}=
=@ �1979�Imperial Valley |xRQru}tR Q@=Q@ QO xR=U x@=Wt OQmrta VQ}PB =@
QO xOWXNWt VQ}PB |=yQ=}at uDiQoQ_v QO =@ w wO Q]N K]U |=yxRQru}tR
VQ}PB p@=k sQv w ?rY Cr=L wO Qy QO xR=U MU=B '=[a= VNQJ |=yQ=Owtv
'l} Q]N K]U l}ORv |xRwL |=yxrRrR Q@=Q@ QO xR=U Q=DiQ '|rm x=oO}O R= "CU=
Q}}eD w CaQU |=yxvt=O COW xm |OQ=wt QO Qot xOw@ xikw|@ |xO=iDU= OwOLQO
wO Q]N K]Ul}ORv |xRwL |=yxRQru}tR QO Q}_v Q}O=kt x@l}ORv 'CW=ov u=mt
Qw;O=} "Ow@ Oy=wN |v=H *|vt}= OL QO xR=U OQmrta K]U 'R}v OQ=wt u}= QO xm OW=@
QO xikw|@ |xO=iDU= VQ}PB RQt R= V}@ xOWO=H}= |Q}tN VNQJ lOv= OwW|t

"CU= |WwBsWJ p@=k ?rY |xR=UwQ

x}=B VQ@ "2"6
xR=UwQ |=Q@ '|]NQ}e |m}t=v}O p}rLD QO x}=B VQ@ xv}W}@ xU}=kt x@ \w@ Qt G}=Dv
xOW xYqN 7 w 6 pw=OH QO 'xk@] 8 w 5 u=tDN=U wO Qy |=Q@ w sQv w ?rY
'|]NQ}e |x}L=v x@ OwQw w xR=UwQ uOW QDsQv =@ 'OwQ|t Q=_Dv= xm xvwou=ty "CU=

"OwW|t xDU=m u; x@ xOWpkDvt x}=B VQ@ u=R}t R=

"xR=U C}iQ_ |vLvt |xU}=kt "2 pmW

"xk@] 5 |xR=U QO =yQ}D |Q}tN VNQJ xv}W}@ "3 pmW
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QO '?rY |xk@] 5 |xR=U QO |}xk@] uwQO u=mt Q}}eD C@Uv xv}W}@ "5 pmW
"y w x |=DU=Q

QO 'sQv |xk@] 5 |xR=U QO |}xk@]uwQO u=mt Q}}eD C@Uv xv}W}@ "6 pmW
"y w x |=DU=Q

?rY |xR=UwQ Cr=L wO QO xk@] 5 u=tDN=U QO �uDw}v wr}m � x}=B VQ@ "6 pwOH
"Q}PBh=]av= w

(kN) x}=B VQ@
xrRrROQmrta K]U

LS IO

Y X Y X

3250 4990 3346 6688 Northridge 1994
3597 3720 3784 4357 Kobe 1995
4823 3401 7057 4602 tabas 1979

?rY |xR=UwQ Cr=L wO QO xk@] 8 u=tDN=U QO �uDw}v wr}m � x}=B VQ@ "7 pwOH
"Q}PBh=]av= w

(kN) x}=B VQ@
xrRrROQmrta K]U

LS IO

Y X Y X

5092 7562 5216 10632 Northridge 1994
5371 5760 6007 6365 Kobe 1995
8918 5748 11815 6679 tabas 1979

C=k@] |@Uv u=mt Q}}eD |xv}W}@ "3"6
'xRQru}tR pw] QO C=k@] |@Uv u=mtQ}}eD C@Uv xv}W}@ '8 =D 5 |=ypmW QO
xOW xO=O u=Wv |v=H |vt}= w xikw|@ |xO=iDU= OQmrta K]U Cq=L |=Q@ ?}DQDx@
xR=U Q}osWJ |wQW}B w |v=H |vt}= Cr=L QO 'OwW|t xOy=Wt xm u=vJ "CU=
xikw|@ |xO=iDU= Cr=L x@ C@Uv C=k@] |@Uv u=mt Q}}eD '|Q}tN |x}L=v QO
'=[a= |Q}tN VNQJ |xOwOLt x@ xHwD =@ 'p=L u}= =@ "CU= xDi=}V}=Ri= COWx@
p@=k ,qt=m 'hQ=aDt |Q@ Q=m =@ |}xR=U |=Q@ xOt; CUO x@ |@Uv |=yu=mt Q}}eD
hqDN= p}rOx@ y w x |=DU=Q wO QO xR=U Q=DiQ hqDN= 'u}vJty "CU= VQ}PB

"CU= u=}=tv |vWwQx@ Q} w=YD u}= |wQ Q@ 'CyH wO QO CW=ov |SQv= u=R}t QO

OQmrta K]U Cr=L wO QO xR=UwQ uRw |xU}=kt "7
|v=H |vt}= w xikw|@ |xO=iDU=

8 pwOH QO 'OQmrta K]U Qy QO w u=tDN=U wO Qy |=Q@ xR=UwQ CrmU= uRw Q=Okt
OYQO 'xR=U C=k@] O=OaD V}=Ri= =@ 'O};|tQ@ G}=Dv R= xm u=vJ "CU= xOW x�=Q=
V}=Ri= |v=H |vt}= x@ xikw|@ |xO=iDU= OQmrta K]U R= |iQYt Oqwi Vy=m
R= |R=U=OH ui R= u=tRsy |Q}oxQy@ OvyO|t u=Wv xOt; CUO x@ s=kQ= "CU= xDi=}
T=U=Q@ |L=Q] s}y=it R= xO=iDU= w 'xR=U |wQ Q@ |}xRQr R=}v Vy=m |=DU=Q QO x}=B
u}t-=D |=Q@ |O=YDk= |=yxR=U KQ] x@ 'xR=UwQ |=[a= |Q}tN C}iQ_ w OQmrta

"Ot=Hv=|t u; u}vm =U |v=H |vt}=
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yDu
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t xikw|@ |xO=iDU= OQmrta K]U KQ] wO QO |iQYt Oqwi u=R}t Vy=m "8 pwOH
"|v=H |vt}= w

Vy=m �u)D� xR=UwQ uRw
xR=UOQmrta K]U

��� LS IO

13 124 1 142 6 xk@] 5
20 234 6 291 9 xk@] 8

|Q}oxH}Dv "8
K]U wO QO OQmrta |=Q@ xOW |R=U=OH |xk@] 8 w 5 |xR=U wO 'VywSB u}= QO
�\UwDt C}ty= =@ |xR=U� |v=H |vt}= w �q=@ C}ty= =@ |xR=U� xikw|@ |xO=iDU=
'OW |L=Q] wO Q]N K]U =@ ?U=vDt 'l}ORv |xRwL O}OW |=yxRQru}tR Q@=Q@ QO
xm OwW|t Qw;O=} u}vJty "OwW|t xYqN xt=O= QO p}rLD R= pY=L G}=Dv xm
x@DQtx=Dwm |xOW|R=U=OH |=yxR=U x@ OwOLt VywSB u}= QO xOt; CUO x@ G}=Dv

"CU= |r}tmD |=yVywSB s=Hv= wQo QO QD|rm C=Q_v |x�=Q= w xOw@ x@DQtu=}t w
|OwQw |xrRrR |SQv= u=R}t x@ xDU@=w COWx@ 'OQmrta K]U wO Qy QO xR=U Q=DiQ "1
Q}}eD w CaQU Gwt |xvt=O xv}W}@ u=R}t QO hqDN= lOv= =@ xm |}xvwox@ 'CU=
'|Q}tN |x}L=v QO xR=U CiQW}B u=R}t 'l}ORv |xRwL |=yCW=ov u=mt

"OwW|t Q}osWJ |D=Q}}eD VwNDUO
'xRQru}tR CW=ov |xv}W}@ ?=DW xm OyO|t u=Wv xOWs=Hv= |=y|UQQ@ "2
OW=@ xR=U |xQm}B x@ |OwQw |SQv= u=R}t u}tND |=Q@ |@U=vt Q=}at Ov=wD|tv
Q}O=kt R= xO=iDU= 'pUo x@ l}ORv |xRwL QO |L=Q] |=yxrRrR Vv} Ro |=Q@ w

"CU= |QD?U=vt u} Ro}=H u=mt Q}}eD w CaQU
x@ xikw|@ |xO=iDU= Cr=L R= 'xR=UwQ R= Q=_Dv= OQwt OQmrta K]U Vy=m =@ "3
'|Q}tN |x}L=v QO |}xR=U |=[a= pmW Q}}eD |wQW}B u=mt= w '|v=H |vt}=
OQmQ=m 'xR=UwQ QO |tQv OwHw =@ u}=Q@=v@ "O@=}|t Vy=m u=tDN=U |x}=B VQ@

"CU= xOw@ R}t;C}kiwt u=vJty x}=B VQ@ Vy=m QO =yR=U=OH
C@Uv '|v=H |vt}= OQmrta K]U =@ |}xR=U QO |}xk@] u}@ |=yu=mt Q}}eD "4
|=Q@ OwHwt h} Q=aD j@] xm 'CU= xDi=} V}=Ri= xikw|@ |xO=iDU= Cr=L x@

"CU= xOWxDiQ}PB |Qt= '|v=H |vt}= OQmrta K]U
|xOwOLt QO 'l}ORv |xRwL |=yxRQru}tR Q@=Q@ QO QDsQv |xR=UwQ Q=DiQ |UQQ@ "5
u}= QO "CU= xikw|@ |xO=iDU= OwOLQO xR=U OQmrta Qou=Wv 'l} Q]N K]U
|=yxvt=O xRQru}tR u=mt Q}}eD w CaQU |=yCW=ov QO xm |DQwYQO 'Cr=L
Oy=wN Q=Qk |v=H |vt}= |xOwOLt QO xR=UwQ Q=DiQ 'OW=@ xDW=O OwHw O}OW
Q}O=kt =@ �1979� Imperial Valley |xRQru}tR QO u; |xvwtv xm CiQo

"OW xO}O PGD�63 cm w PGV�90 5 cm/s 'PGA�0 38 g

Cr=L wO QO xR=UwQ QO |iQYt Oqwi Vy=m u=R}t R= xOt; CUO x@ s=kQ= "6
|OwaY |OvwQ u=tDN=U `=iDQ= V}=Ri= =@ '|v=H |vt}= w xikw|@ |xO=iDU=
u=tDN=U QO wVy=m �13 Oy=W xk@] 5 u=tDN=U QO xm |}xvwox@ 'CU= xDW=O
=yR=U=OH?U=vt OQmQ=m x@ xHwD =@ Q}O=kt u}= "s}DUyVy=m �20 Oy=W xk@] 8
|R=U=OH ui R= u=tRsy |xO=iDU= '|Q}tN R=i QO Q=DiQ w =[a= s}rUD OwHw =@
w |O=YDk= KQ] l} |x�=Q= QO =Q OQmrta T=U=Q@ |L=Q] |=yVwQ w x}=B R=

"Ovm|t Q}PBx}HwD w xv=OvtOQN 'u; u=Q@ Q=m *|v=H |vt}= ^i=L

QO '?rY |xk@] 8 |xR=U QO |}xk@]uwQO u=mt Q}}eD C@Uv xv}W}@ "7 pmW
"y w x |=DU=Q

QO 'sQv |xk@] 8 |xR=U QO |}xk@]uwQO u=mt Q}}eD C@Uv xv}W}@ "8 pmW
"y w x |=DU=Q
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1. elastic capacity
2. lead rubber bearing
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