
h}
QWu

=Qta
|U

Ovyt
10

3�9
3"

X
'1|

xQ=t
W'

26
�2

|xQ
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"Ov=xDiQo Q=Qk 2 ẁv l =N w O=} R |@Uv Q]N =@ |xk]vt QO =y?=k �O

3�IDA� xOv}=Ri |]NQ}e |m}t=v}O p}rLD "4
xR=U OQmrta |UQQ@ hOy =@ xm CU= l} QDt=Q=B p}rLD w x} RHD |awv IDA

p=L QO 'Ov=xOQm x�=Q= u=QoWywSB xm |irDNt |=yVwQ =@ w `=O@= xrRrR Q=@ CLD
Q@ xOW T=}kt CW=ov?=DW OvJ =} l} p=ta= =@ p}rLD u}= "CU= uOWp}tmD
OvJ =} l} uOQw; CUOx@ 'u; |xH}Dv xm OwW|t s=Hv= |}xR=U x@ COW |=v@t
"OwW|t u=}@ TmaQ@ =} w COW ?ULQ@ CQ=UN QDt=Q=B =yv; QO xm CU= |vLvt
OvJ =@ |}=yxR=U MU=B Ca}@] OQwt QO =y|vLvt u}= xm |OQix@ QYLvt C=aq]=
=@ 'VwQ u}= R= xO=iDU= VQDUo Q@ |y}HwD Ov=wD|t 'Ovvm|t x�=Q= |O=R; |xHQO
CUOx@ C=aq]= Q}UiD "OW=@ u; G}=Dv VR=OQB w s=Hv= Q@ u=tR w Q=wWO Ov};Qi OwHw

CN=U w |L=Q] w OwHwt |=yu=tDN=U <=kDQ= w |@=} RQ= |=Q@ |}=yxw}W |xaUwD
[1]"OW Q=OxOya =Q O}OH |=yu=tDN=U

VwQ |xaUwD |=Q@ |Oqwi |WtN ?=k OQmrta |wQ Q@ xSwQB u}= C=k}kLD
u}O@ "OW s=Hv= |Dq=tDL= ?r=k QO '|@=} RQ= |=yVwQ w OQmrta T=U= Q@ |L=Q]
SEAOC vision2000|=yxSwQB QO OQmrtaT=U= Q@|L=Q] OwHwtVwQ?}DQD

%Ci=} VQDUo CQwY wO x@ FEMA 273 w

xR=U Q=DiQ xDWPo hqN Q@ xm xR=U |rm OQmrta |@=} RQ= |=Q@ s}kDUt |WwQ "1
&OQm|tv |UQQ@ u; <=RH= Q=DiQ x@ xHwD =@ =Q
"|OQmrta hOy u}t-=D p=tDL= |x@U=Lt "2

FEMA351'FEMA350�SAC2000a�ptar=QwDUO4Q=WDv= =@ QwmPt|xt=vQ@
FEMA353�SAC2000d� w FEMA352�SAC2000c� '�SAC2000b�
u}}aD |=Q@ FEMA/SAC |xt=vQ@ CLD R}v |}=y|UQQ@ u=tRsy [1]"OWp}tmD
s=Hv= C=k@] |@Uv u=mtQ}}eD |=[=kD |v}@V}B x@ xDU@=w |=yQ}eDt w Cq=tDL=

[3]"OW
|v=tDN=U|=yxt=vu}}; QO xm|iOy =yvD 'Northridge�1994�|xrRrR R=p@k
|=yxrRrR QO u=vm =U |v=H |vt}= u}t-=D 'CiQo|t Q=Qk Q_v Ot =yxR=U |L=Q] |=Q@
Q@ xOW u} wOD |=yxt=vu}}; x@ xHwD =@ 'u; R= TB [4]"Ow@ xk]vt QO Q=_Dv= OQwt
h=Oy= uDN=U xOQw;Q@ |}=v=wD hOy =@ =yu=tDN=U 'SEAOC |}xRQr u}v=wk T=U=
Ctw=kt |}=v=wD pt=W xv=oxU h=Oy= u}= "OvOW|t |L=Q] |OQmrta |xv=oxU
uwO@ '�Immediate Occupancy� sm COW =@ |=yxrRrR QO |@=QN uwO@ xR=U
Life� \UwDt |=yxrRrR QO |}xR=UQ}e |=yu=tr= |@=QN u=mt= w |}xR=U |@=QN
|=yxrRrR QO |}xR=UQ}e w |}xR=U |=y|@=QN =@ x=Qty VR} QwQi sOa w �Safety

|=yuwv=k xm BSSC1�1997� |xD}tm "OvDUy �Collapse Prevention� O}OW
w OQm u=}@|i}m CQwY x@ =Q |OQmrta |=yhOy 'O=O xaUwD =Q NEHRP QO OwHwt
K]U x@ u}tR VRQr COW R= w OQmrta K]U x@|@=QN u=R}t R= =Q OwHwt |=yh} QaD
=Q FEMA350 ptar=QwDUO 'FEMA/SAC |xD}tm s=Hv=QU [1]"O=O Q}}eD Q]N
O}OH |Oqwi |=yu=tDN=U |=Q@ OQmrta T=U= Q@ |L=Q] |=Q@ =tvy=Q |xrRvtx@
"CU= FEMA336 x@ x}@W ptar=QwDUO u}= QO |U=U= w x}=B VwQ "OQm u} wOD
"CU= 2VQ}PB |=yQ=}at u=}@ |xwLv ptar=QwDUO wO u}= QO TwULt Cw=iD =yvD
GQ=N |v}aD ?r=k R= FEMA356 hqN Q@ FEMA350 QO VQ}PB |}=yv Q=}at

[3]"OQ=O |Dq=tDL= C}y=t w CU= xOW
hrDNt Kw]U QF= Q@ =y?=k OQmrta u}}aD |=Q@ |}xRQr R=}v w C}iQ_ u}}aD
u=wD@ u; QO xm OwW xO=iDU= |r}rLD VwQ R= CU= sRq u}=Q@=v@ "CU= |QwQ[ xrRrR
?U=vt |DkO =@ w |@ wN x@ =Q xRQru}tR R= |W=v C=mQL u}vJty w xR=U Q=DiQ
|]NQ}e |m}t=v}O p}rLD VwQ R= xO=iDU= OwHwt |=yVwQ u}@ R= "OQm pOt
Kw]U u}}aD |=Q@ sRq C=aq]= u; R= xrY=L |=y|vLvt xm �IDA� uwRi=Q=@
xDi=} |}xS} w x=o}=H xrRrR Q=@ QF= Q@ xR=U OQmrta |UQQ@ hOy =@ 'OvQ=O =Q OQmrta

[5]"CU=
xrRrR |UOvyt QO Q}PBh=]av= |Q=R@= |xrRvtx@ �IDA� VwQ |iQat =@ u=kkLt
|}xOQDUo Q=}U@ wLvx@ [8�5]'OQ=O =Q |}xRQr C}iQ_ w R=}v u}tND |}=v=wD u=tRsy xm
C}r@=k x@ \w@ Qt |=yEL@ w |}xRQr OQmrta u}tND QO VwQ u}= |=y|}=v=wD x@
|xOW s=Hv= C=k}kLD QO u}vJty "Ov=xDN=OQB |}xRQr |=yQ=@ QF= Q@ =yxR=U u=v}t]=
w OQmrta Kw]U u}}aD 'IDA |=y|vLvt uOQmxYqN |=yVwQ x@ u=QoWywSB Q}=U

94



wHW
v=O

O=yQ
iw

|QO
@Ot

=LO
}U "=yCW=ov?=DW C=YNWt "1 pwOH

COt |}=Hx@=H xv}W}@ CaQU xv}W}@ ?=DW xv}W}@ **R l =N ẁv* ẁkw u=tR w u=mt xQ=tW|wk u=mD �cm� �cm.s� �g� �km�
15 1 8 19 13 7 0 135 15 6 B,B Duzce, Turkey 1999 11 12 1
36 32 5 97 11 0 136 25 2 B,D Landers 1992 06 28 I 2
37 02 5 57 15 5 0 135 25 2 B,D Landers 1992 06 28 II 3
10 27 35 57 39 5 0 159 17 B,B Kocaeli, Turkey I 1999 08 18 4
36 23 7 95 18 6 0 157 26 5 B,A Imperial Valley I 979 10 15 5
11 61 2 21 5 2 0 109 26 B,A Imperial Valley II Valley 1979 10 15 6
25 91 10 37 39 3 0 183 15 29 B ChiChi 1999 09 20 7
12 62 3 79 15 2 0 1702 19 9 B,B Loma Prieta 1989 10 18 8
25 52 29 38 0 319 - B Elcentro 1950 5 18 9
15 86 127 117 0 912 - B Tabas, Iran 1978 09 16 10

pUo x@ xrY=i u} QDl}ORv ** USGS T=U=Q@ l =N ẁv *

"=y?=k C=YNWt "2 pwOH
xk@] 6 ?=k xk@] 4 ?=k xk@] 2 ?=k

=yuwDU =yQ}D =yuwDU =yQ}D =yuwDU =yQ}D C=k@] |xQ=tW
HEB24 IPE36 HEB22 IPE36 HEB18 IPE33 1
HEB24 IPE36 HEB22 IPE36 HEB18 IPE33 2
HEB22 IPE36 HEB20 IPE36 3
HEB22 IPE36 HEB20 IPE33 4
HEB20 IPE33 5
HEB20 IPE33 6

"Cq=YD= C=YNWt "3 pwOH
xOW CNU ut}Wv =yxOvvmCNU |v=DLD jQwVwH |v=DLD jQw |v=kwi jQwVwH |v=kwi jQw uwDU Q}D
L B BS

40 8 20 10� 100� 206 10 18� 200� 350 12 18� 140� 300 IPB24 IPE36
40 8 20 10� 100� 188 10 18� 200� 350 12 18� 140� 300 IPB22 IPE36
40 8 20 12� 80� 170 10 18� 200� 350 12 22� 120� 300 IPB20 IPE36
36 7 2 18 8� 80� 170 9 16� 200� 350 0 8 16� 140� 400 IPB20 IPE33
36 7 2 18 8� 80� 170 10 18� 18� 400 0 8 16� 140� 350 IPB18 IPE33
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&OQmrta K]U Qy |}=U=vW |=yXN=W h} QaD "5
"sDU}U Q=DiQ |UQQ@ |=Q@ =yMU=B R= xO=iDU= "6
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|=Q@ xk@] 6 ?=k QO CP w IO OQmrta Kw]U VQ}PB |=yQ=}at V}=tv "5 pmW
"Imperial wChichi |=yxrRrR

QO xk@] 6 ?=k IDA |=y|vLvt |xYqN 4 pmW QO xvwtv |=Q@ "CU= COW
"CU= xOW xO=O V}=tv �7w �5 '�3 |=y|}=Q}t

O@=}|t Vy=m `=iDQ= V}=Ri= =@ |]N Q=DiQ |x}L=v pw] xm OwW|t x_Lqt
�T1'�5�< 0 73 g COW |xOwOLt QO |]N Q=DiQ xk@] 2 ?=k QO Qo = |DQ=@ax@
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VQ}PB |=yQ=}at =@ Q_=vDt |}xRQr |=yC}iQ_ w =y|vLvt |xYqN "6 pmW
?=k� DM w IM Q}O=kt R= �84 w �50 '�16 QO CP w IO 'LS OQmrta Kw]U

"�xk@] 6
|v=H |vt}= OQmrta K]U QO VQ}PB |=yQ=}at =@ Q_=vDt |}xRQr C}iQ_ "4 pwOH

"�xk@] 6 w 4 '2 |=y?=k�
xrRrR `kw pLt Sa�T1;�5��g�

�maxxk@] 2 xk@] 4 xk@] 6
Duzce 1 0 0 7 0 6 0 02

Landers-1 1 2 0 8 0 6 0 02
Landers-2 0 7 0 7 0 8 0 02
Kocaeli 1 1 1 3 0 4 0 02

Imperial valley-1 1 0 0 8 0 5 0 02
Imperial valley-2 0 8 0 7 0 4 0 02

Chichi 1 7 0 6 0 6 0 02
Loma 0 8 0 8 0 7 0 02

Elcentro 1 1 1 1 0 4 0 02
Tabas 1 1 0 5 0 5 0 02

|wor= "Ovm|tv |wQ}B IM |Q=DiQ |wor= R= Q_=vDt DM 'QDW}@ `=iDQ= =@ |=y?=k
s=Hv= |R=UxYqN QO OQmrta K]U Qy =@ Q_=vDt COW Vy=m OQwt QO xOW QmP
Q=Qk xU}=kt |=v@t =yxrRrR R= �50 Qo = xm CQwY u}= x@ 'OwW|t xOy=Wt R}v xOW
l} QO C=k@] O=OaD V}=Ri= =@ �IM� COW xmv; OwHw =@ OwW|t xOy=Wt 'OvQ}o
O=OaD V}=Ri= =@ �IM� COW hqDN= um}r 'O@=}|t Vy=m X=N OQmrta K]U
IM u}@ ?=k xU Qy QO xm |wLv x@ Ov=t|tC@=F ,=@} QkD OQmrta K]U Q}}eD =@ C=k@]
p@=k 0 8g hqDN= CP w IO OQmrta Kw]U u}@ =yxrRrR R= �50 QO xOW x@ QHD
VQ}PB |=yQ=}at =@ Q_=vDt |}xRQr C}iQ_ OvJQy Qo}O CQ=@ax@ "CU= xOy=Wt
Kw]U QO |}xRQr |=yC}iQ_ u}@ Cw=iD |rw CU= xDi=} Vy=m `=iDQ= V}=Ri= =@

"CU= xOw@ C@=F ,=@} QkD Cw=iDt OQmrta
IO'LS OQmrta Kw]U VQ}PB |=yQ=}at =@ Q_=vDt |=yC}iQ_ uOQm xYqN =@
'DM w IM Q}O=kt R= �84 w �50 '�16 QO �5 w 4 |=ypwOH QO xOW x�=Q=� CP w
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QO =} Sa(T1'�5��0 9g QO =yxrRrR R= �50 QO "OyO|t u=Wv OwN R= =Q xikw|@

"OQm |Q}ojDWt y =} DM x@ C@Uv x =} IM R= xrLQt 2 QO
dx
dy

= x0
y0 (1)

d2x
d2y = x00y0 � y00x0

(y0)3 (2)

Q=Okt u} QDW}@ |=Q=O xm |}x]kv |DU}=@ 'CP OQmrta K]U swyit x@ xHwD =@
|x}L=v ?}W �20 =@ Q@=Q@ IDA |vLvt ?}W xm |}=H QO sy u; IM |OOa
|xOvwWsQv |xvt=O QO Q_v OQwt |x]kv xm xDmv u}= uDiQo Q_v QO =@ 'OW=@ u=UWm
u}= |=Q@ Qo}O ptDLt |x]kv xwqax@ "OwW u}}aD 'OW=@ xDiQo Q=Qk IDA |vLvt
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[15]"OwW|t ?=NDv= CP OQmrta K]U =@ Q_=vDt |}xRQr R=}v
dx
dy

����
t

= 0 2 dx
dy

����
t=0

(3)

d2x
dy2

����
t
< 0 (4)

t = y�1(�10) (5)

OW=@ CP OQmrta K]U |xOv}=tv Ov=wD@ t x=wNrO |x]kv xmv}= |=Q@ u}=Q@=v@
w OW=@ umtt Q=Okt |xv}W}@ =@ Q@=Q@ u; IM '3|x]@=Q <=[Q= Q@ xwqa |DU}=@
umtt Q=Okt u} QDtm =@ |DU}=@ x]kv u}= TBU "Ovm jOY u; OQwt QO R}v 4 |x]@=Q
|OOa Q=Okt xm s=Om Qy 'wO u}= u}@ R= 'OwW xU}=kt 'Ovm <=[Q= =Q 5 |x]@=Q xm t
pmW QO "Ow@ Oy=wN CP OQmrta K]U =@ Q_=vDt |x]kv hQat 'OW=@ xDW=O |QDtm
K]U =@ Q_=vDt |}xRQr R=}v u}}aD |=Q@ q=@ QO xOW QmP Ov};Qi |xH}Dv u=wD|t 4
w Imperial valley |=y|vLvt R= l} Qy w xk@] 6 ?=k |=Q@ =Q CP OQmrta
=@ Q_=vDt |}xRQr C}iQ_ |x@U=Lt w IDA |vLvt sUQ =@ "OQm xOy=Wt Chichi

OwW|t O}rwD C=aq]= R= |O=} R Q=}U@ sHL OQmrta K]U Qy VQ}PB |=yQ=}at
j}kLD u}= QO "CU= xOW x�=Q= 5 w 4 |=ypwOH w 6pmW QO u; R= |DtUk xm
'=yxrRrR R= l} Qy QO OQmrta K]U Qy CQ=UN w COW Q}O=kt |x�=Q= Q@ xwqa
Q}O=kt |xrRvtx@ 'O=Oa= |xvt=O R= � 84 w �50' �16 QO R}v Q}O=kt |xYqN
IMc�16; IMc�50; IMc�84� COW w �DCc�16; DCc�50; DCc�84� CQ=UN |OOa
|}xRQr |=yC}iQ_ w =y|vLvt |xYqN 6pmW QO p=Ft |=Q@ "CU= xOW x�=Q= �
w IM Q}O=kt R= �84 w �50 '�16 QO OQmrta K]U Qy VQ}PB |=yQ=}at =@ Q_=vDt
|=yC}iQ_ |xYqN 6 pwOH QO u}vJty "CU= xOW x�=Q= xk@] 6 ?=k QO DM

�84 w �50 '�16 QO CP w IO'LS OQmrta Kw]U VQ}PB |=yQ=}at =@ Q_=vDt
"CU= xOW x�=Q= |UQQ@ OQwt |=y?=k R= l} Qy |=Q@ DM w IM Q}O=kt R=

|=yxk@] O=OaD V}=Ri= =@ xm OwW|t x_Lqt 5 w 4 |=ypwOH x@ xaH=Qt =@
|xv=DU; w |v=H |vt}= OQmrta Kw]U VQ}PB |=yQ=}at =@ Q_=vDt C}iQ_ '=y?=k
'xikw|@ |xO=iDU=C}r@=k OQmrta K]U QO Qo}O CQ=@ax@ "O@=}|tVy=m VR} QwQi
MQ =y?=k QO u=Um} IM 'DM R= |QDu}}=B K]U ẁkw w C=k@] O=OaD V}=Ri= =@
xR=U `=iDQ= V}=Ri= =@ QDq=@ |=yOwt Q}F-=D V}=Ri= R= |W=v Ov=wD|t Qt= u}= xm OyO|t
|=wDLt |UQQ@ =@ =ypwOH QO OwHwt |OQwt |=yCw=iD u=}t u}= QO xD@r= "OW=@
"CU= Q}PBx}HwD |]NQ}e wQtrk QO xR=U ?w=vD |xQwO |xar=]t w =yxrRrR |Ot=U@
IM '?=k `=iDQ= V}=Ri= =@ xm OwW|t x_Lqt VR} QwQi |xv=DU; OQmrta K]U QO
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xrRrR ẁkw pLt xk@] 2 xk@] 4 xk@] 6
Sa�T1;�5��g� �max Sa�T1;�5��g� �max Sa�T1;�5��g� �max

Duzce 1 9 0 0567 1 6 0 042 1 8 0 0547
Landers-1 3 0 0 0596 1 2 0 0458 1 0 0538
Landers-2 3 0 0 0372 1 7 0 0708 1 5 0 0374
Kocaeli 1 9 0 0529 1 7 0 0316 0 9 0 0583

Imperial valley-1 2 1 0 489 1 7 0 0966 1 0 0 0406
Imperial valley-2 3 0 0 0897 1 4 0 0542 1 4 0 100

Chichi 1 8 0 0451 1 0 0 0416 1 3 0 0670
Loma 2 8 0 0437 2 4 0 0818 2 1 0 0532

Elcentro 2 6 0 0513 2 9 0 0958 1 4 0 0534
Tabas 2 3 0 0545 0 8 0 0422 0 8 0 0496

1999 =D sj 4 uQk R= xO=O MQ |y=oDUO w |N} Q=D |=yxrRrR R= u=QyD QyW |}xRQr
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QO "OQ}o|t Q@ QO =Q O}OW V@vH QDt=Q=B OQw;Q@ w xRQru}tR |=oQR@ 'x=oCN=U =D
xOW OQw;Q@ Q=Okt QO C}a]kuDW=Ov Q}_v =yC}a]k sOa R= Qo}O |Q=}U@ Ck}kL
|=yxtWJ |=Q@ xOW xDiQo Q_v QO |=oQR@ |xv}W}@ '|R}NxRQr |=yQDt=Q=B |=Q@
xOW O=yvW}B VwQ "OvQ}o|tv Q=Qk Q_v Ot Ov};Qi u}= QO =yxRQru}tR jta '|}xRQr
|k]vt *CNQO R= xO=iDU= 'u}W}B |=yC}a]k sOa R= |WN@ uDiQo Q_v QO |=Q@
R= l} Qy |=Q@ u}at Q=Okt R= xO=iDU= |=H x@ VwQ u}= O=yvW}B =@ u=OvtWv=O "CU=
[21]"Ovvm|t xO=iDU= u; ?U=vt |yOuRw =@ hrDNt Q=Okt OvJ R= jwi |=yQDt=Q=B
|oOvy=m |=yx]@=Q QO C}a]k sOa uDiQoQ_vQO |=Q@ xOW s=Hv= C=ar=]t QO
'Ambraseys & Bommer �1991� |oOvy=m |x]@=Q xU R= 'xO=iDU= OQwt
[20]CU= xOW xO=iDU= Ramazi �1999� w Sarma & Srbulov �1996�
=@ =yv; |Q=oR=U u=R}t x@ xHwD =@ |oOvy=m |=yx]@=Q R= l} Qy |=Q@ "�7 pmW�
QO "CU= xOW xDiQo Q_v QO 0 45 =D 0 25 R= |@}=Q[ xar=]t OQwt |xk]vt
pw=ODt w Q@Dat |xt=vQ@ R= |Dq=tDL= VwQ x@ Q]N p}rLD s=Hv= |=Q@ j}kLD u}=
pmW "CU= xOW xO=iDU= [22]'Ov=xOQm x�=Q= Rv}mQB w QOu@ xm SEISRISKIII

|=yx]@=Q <=R= x@ Q]N |=y|vLvt ?}mQD R= pY=L 'x=oCN=U Q]N |vLvt '8
"OyO|t u=Wv =Q hrDNt |oOvy=m

u=mtQ}}eD |xv}W}@ ẁkw |xv=}r=U p=tDL= u}}aD "6
=y?=k QO |@Uv

CWoR=@ |xQwO |x@U=Lt |Dq=tDL= x=oO}O R= |}xRQr R=}v |UQQ@ h=Oy= R= |m}
p@=k x@ u=wD|t IDA |=}=Rt R= "OW=@|t xR=U |=yMU=B ẁkw |xv=}r=U p=tDL= =}
|xv=}r=U ẁkw p=tDL= =} |v=w=Qi u}}aD hOy =@ '|Dq=tDL= ?r=k QO u; uOw@ u=}@
R= |}xRQr R=}v Qw@a =} w xR=U C}iQ_ R= xrRrR |=[=kD uOW QDW}@ uwJ |OQ=wt

[25]"OQm xQ=W= OQmrta K]U l} XN=W

IO'LS OQmrta Kw]U VQ}PB |=yQ=}at =@ Q_=vDt |=yC}iQ_ |xYqN "6 pwOH
"�xk@] 6 w 4 '2 |=y?=k� DM w IMQ}O=kt R= �84 w �50 ' �16 QO CP w

xk@] 2
K]U Sa�T1;�5��g� �max

OQmrta IMc�16 IMc�50 IMc�84 DMc�16 DMc�50 DMc�84
IO 0 90 1 10 1 30 0 0200 0 0200 0 0200
LS 1 20 1 50 2 05 0 0318 0 0364 0 0398
CP 1 30 1 90 2 80 0 0437 0 0528 0 0596

xk@] 4
K]U Sa�T1;�5��g� �max

OQmrta IMc�16 IMc�50 IMc�84 DMc�16 DMc�50 DMc�84
IO 0 60 0 70 0 80 0 0200 0 0200 0 0200
LS 0 80 1 10 1 15 0 0309 0 0303 0 0509
CP 1 00 1 50 1 70 0 0417 0 0460 0 0818

xk@] 6
K]U Sa� T1;�5��g� �max

OQmrta IMc�16 IMc�50 IMc�84 DMc�16 DMc�50 DMc�84
IO 0 40 0 50 0 60 0 0200 0 0200 0 0200
LS 0 70 0 90 1 05 0 0303 0 0351 0 0354
CP 0 90 1 30 1 50 0 0406 0 0530 0 0580

R= �84 QO w OyO|t u=Wv OwN R= =Q |v=H |vt}= OQmrta ?=k �max =�3 51
|xv=DU; OQmrta K]U ?=k �max =�5 8 QO =} Sa(T1'�5��1 5g QO =yxrRrR

"Ovm|t x@ QHD =Q VR} QwQi

xv=}r=U |vwRi p=tDL= |vLvt "5
QO |@Uv u=mtQ}}eD |xv}W}@ ẁkw |xv=}r=U p=tDL= u}}aD hOy =@ j}kLD u}= QO
QyWuqm OQwt QO xOW x�=Q= |xv=}r=U |vwRi p=tDL= |vLvt R= xar=]t OQwt |=y?=k
Q]N |Dq=tDL= |vLvt |x�=Q= hOy =@ j}kLD u}=QO [20]"CU= xOW xO=iDU= u=QyD
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ẁkw

|xv
=}r=U

p=tD
L=

wOQ
mrt

aK
w]U

|U
QQ@u}tR VRQr ?=DW |xv}W}@ =} |i}] ?=DW OwHw p=tDL= '8 |x]@=Q QO jdH(x)j

dx QO Q]N |vLvt jr]tQOk hQ[pY=L =@ Q@=Q@ xm CU= Q_v OQwt pLt QO x
"CU=

|R=UxO=U |=Q@ |r}rLD ZQi xU R= xDU@ CQwY x@ ' 6 |x]@=Q pL |=Q@
%OwW|t xO=iDU= C=kDWt

Q=Okt k w |]N CQwY x@ |tD} Q=orwO C=YDNt QO xk]vt Q]N |vLvt "1
"CU= C=YDNt u}= QO |vLvt ?}W

H (Sa) = P (Sa � sa) = k0:IM�k (9)

'u}tR VRQr ?UL Q@ =[=kD w C}iQ_ s}kDUt u=}@ uOw@ pmWt x@ xHwD =@ "2
|rm |=ypmWQ}}eD pt=W MU=B |=yQDt=Q=B ?r=k QO xR=U |wQ Q@ xRQru}tR Q}F-=D
u}= "OwW|t xO=O u=Wv '=yu=tr= w <=[a= QO OwHwt VvQm w VvD =} w xR=U
|x]@=Q R= xO=iDU= =@ w u}tR VRQr COW R= |a@=D |xrRvtx@ u=wD|t =Q =yQDt=Q=B

"OR u}tND 10
D̂ = a (IM)b (10)

wx} RHD R= xm OvDUy T=}kt |=yQDt=Q=B b w a w 'Q_v OQwt MU=B QDt=Q=B D̂
"Ov};|t CUO x@ p}rLD

w xOW ZQi p=tQv nwr CQwY x@ |@Uv u=mtQ}}eD |=[=kD `} RwD |vLvt "3
"CU= �D=Sa |tD} Q=or OQ=Ov=DU= h=QLv= |=Q=O

P (D � d) = �
�
ln (d=D̂) = �D=IM

�
(11)

9 |=yx]@=Q w q=@ |=yZQi R= xO=iDU= =@ "CU= 9|Uwo OQ=Ov=DU= `} RwD `@=D �

%O};|t CUOx@ 12 |xrO=at '8 |x]@=Q R= |Q}op=QoDv= w 10w

HD(d) =
Z (

1� �

"
ln
� d
a:xb

�
�D=IM

#)
:
���� �kk0
x(k+1)

���� dx (12)

%=}
HD (d) = P (D � d) = H

�
IMd

�
exp

"
0 5

�
k
b

�2
�2
D=IM

#
(13)

xm CU= u}tR VRQr ?=DW |xv}W}@ =} |i}] ?=DW R= |L]U Qou=}@ �IMd�
|x]@=Q Twmat R= QDt=Q=B u}= "Ovm O=H}= xR=U QO =Q d u=mtQ}}eD |=[=kD Ov=wD|t

"O};|t CUOx@ 10
IMd = (d=a)1=b (14)

|xrRvtx@ �|i}] ?=DW� Sa ' ẁkw |xv=}r=U p=tDL= u}}aD |=Q@ j}kLD u}= QO
C=k@] |@Uv u=mt Q}}eD |xv}W}@ w �IM� u}tR VRQr COW |xOv}=tv
?=NDv= �DM� CQ=UN |xOv}=tv smL QO �max = maxf�1; �2; :::; �ng

"Ov=xOW
'|}=Q}t Kw]U R= l} Qy QO ẁkw |xv=}r=U p=tDL= |=y|vLvt sUQ |=Q@
GwR w O};|t CUOx@ |tD} Q=orwO C=YDNt QO xk]vt Q]N |vLvt |xrO=at =OD@=
�7w �5 '�3 |=y|}=Q}t QO IDA |=y|vLvt |xOvyOp}mWD \=kv ?=DW Q=Okt

[20]"|k]vt CNQO "7 pmW

[20]"xv=}r=U |vwRi p=tDL= Q=Owtv "8 pmW

|=Q@ pm p=tDL= |Qw�D R= 'FEMA/SAC |xt=vQ@ |=v@t Q@ j}kLD u}= QO
|@=QN pm p=tDL= u; QO xm 'OW xO=iDU= xar=]t OQwt |=ysDU}U OQmrta |@=} RQ=

[4]%OwW|t h} QaD 6|[=} Q |x]@=Q =@
P (C � D) =

Z
P (C � DjIM = di) : jdHIM (d)j (6)

OQmrta K]U R= |@=QNV}=Ri= p=tDL= |DQ=@a x@ =} |@=QN p=tDL= P (C � D) xm
|=[=kD uOWQDW}@ |]QW p=tDL= P (C � DjIM = di) w CU= Q_v OQwt
uDiQo Q_v QO =@ xR=U|@=QN |]QW p=tDL= Qo}O u=}@ x@ =} w u; C}iQ_ R= xR=U
jdHIM (d)j "OQm Oy=wN x@ QHD xR=U xm CU= xRQru}tR R= �di� |YNWt COW

"CU= xk]vt Q]N u}ov=}t `@=D jDWt jr]t QOk
dHIM (d) = fIM (di) ddi (7)

COW =@ |}xRQru}tR ẁkw p=tDL= w CU= xRQru}tR p=tDL= |r=oJ `@=D fIM (di)

`@=D H(di) "OyO|t u=Wv �p=U 50 ,qFt� XNWt |v=tR |xR=@ l} QO =Q di
PGA ,qFt xRQru}tR |=yQDt=Q=B R= |m} |vwRi p=tDL= w CU= xk]vt Q]N |vLvt
u}ov=}t |vLvt `@=D "Ovm|t u=}@ =Q XNWt |v=tR COt QO x Q=Okt R= 'Sa =}

[12]%OQm h} QaD 8 |x]@=Q =@ u=wD|t =Q xk]vt Q]N
HD (d) =

Z
P (D � djIM = x) jdH(x)j (8)
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`=iDQ= V}=Ri= =@ QDq=@ |=yOwt Q}F-=D R= |W=v Ov=wD|t Qt= u}= xm OyO|t MQ
=yxrRrR |Ot=U@ |=wDLt x@ xHwD =@ '|OQwt |=yCw=iD OwHw xD@r= "OW=@ xR=U
K]U QO "CU= Q}PBx}HwD |]NQ}e wQtrk QO xR=U ?w=vD |xQwO |xar=]t w
Q_=vDt IM '?=k `=iDQ=V}=Ri= =@ xm OwW|t x_Lqt VR} QwQi |xv=DU; OQmrta
QDQ}PBpmW Q=DiQ p}rOx@ um}r O@=}|t Vy=m K]U u}= VQ}PB |=yQ=}at =@

&Ovm|tv |wQ}B IM |Q=DiQ |wor= R= Q_=vDt DM 'QDW}@ `=iDQ= =@ |=y?=k
|R=UxYqN QO OQmrtaK]U Qy =@ Q_=vDtCOWVy=m OQwt QO xOW QmP |wor= �
|=v@t =yxrRrR R= �50 Qo = xm CQwY u}= x@ 'CU= xOy=Wt p@=k R}v xOW s=Hv=
O=OaD V}=Ri= =@ �IM� COW xmv; OwHw =@ OwW|t xOy=Wt 'OvQ}o Q=Qk xU}=kt
�IM� COW hqDN= um}r 'O@=}|t Vy=m X=N OQmrta K]U l} QO C=k@]
QO xm |wLv x@ Ov=t|t C@=F ,=@} QkD OQmrta K]U Q}}eD =@ C=k@] O=OaD V}=Ri= =@
w IO OQmrta Kw]U u}@ =yxrRrR R= �50 QO xOW x@ QHD IM u}@ ?=k xU Qy
|}xRQr C}iQ_ OvJ Qy Qo}O CQ=@ax@ "CU= xOy=Wt p@=k 0 8g hqDN= CP

u}@ Cw=iD |rw CU= xDi=} Vy=m `=iDQ= V}=Ri= =@ VQ}PB |=yQ=}at =@ Q_=vDt
&CU= xOw@ C@=F ,=@} QkD Cw=iDt OQmrta Kw]U QO |}xRQr |=yC}iQ_
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1. building seismic safety council (BSSC)
2. acceptance criteria
3. incremental dynamic analysis (IDA)
4. aleatory
5. epistemic
6. damage measure (DM)
7. intensity measure (IM)
8. dynamic instability
9. standardized gaussian distribution function
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