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D0 C50� 50(1�) B50� 45 sQv x@r ?=k

C50� 50(1�) B50� 45 CNU x@r ?=k
D10 C50� 50(1�) B50� 45 sQv x@r ?=k

C60� 60(1=1�) B50� 45 CNU x@r ?=k
D20 C45� 45(1=2�) B35� 45 sQv x@r ?=k

C60� 60(1=1�) B55� 45 CNU x@r ?=k
D25 C40� 40(2�) B35� 40 sQv x@r ?=k

C65� 65(1=1�) B55� 45 CNU x@r ?=k

xOW xO}t=v u=tDN=U sQv |x@r ?=k '�1 pmW QO F3 ?=k� CU= xDW=O RmQt u; R=
"CU=

|v=tDN=U |=ypOt QO |t_vt=v "3
x@ C@Uv sQH RmQt C}akwt Q}}eD R= |W=v |v=tDN=U |=ypOt QO |t_vt=v
|v=tDN=U |xvwtv l} QO |tQH `} RwD Q}}eD =@ "OwW|t ZQi C}@rY RmQt
C} RmQt R= GwQN =@ |}=ypOt w =Hx@=H C}@rY RmQt x@ C@Uv sQH RmQt '�Dx�
pOt "OwW|t O=H}= OYQO 0 3b =D 0 1b Q=Okt =@ �eModeling� |R=UpOt
Cra "OvwW|tv |L=Q] ,=OOHt 'C} RmQt R= GwQN O=H}= R= TB |v=tDN=U |=y
|}xt=vu}}; VJ}B |xS} w |L=Q] |=yp=wQ pN=OD R= |Q}owrH ZQi u}= ?=NDv=
xOw@ C} RmQt R= GwQN O=H}= =@ |}xRQr Q=DiQ QO Q}}eD |xOy=Wt w |}=U=vW QO
|WN@ u; QO xm CU= xOw@ hr=2 pmW j@=]t |tQH `} RwD Q}}eD |wor= "CU=
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"|R=Ux}@W VwQ |HvUCLY "4 pmW
'CU= xOW xO=iDU= xk@]l} ?=k pOt R= '|R=UpOt VwQ |HvUCLY |=Q@
|WtN |=y?=k VR} QwQi OQmrta |@=} RQ= QO [2]'�2008� 6uwDrU=y \UwD xm
'Q[=L |xar=]t |R=UpOt VwQ QO xm Cw=iD u}= =@ "CU= xOW xO=iDU= Q}PBpmW
=yp=YD= xm CU= xOW ZQi xS} w |WtN |=y?=k |L=Q] \@=w[ C}=aQ p}rOx@
"OvDU}v Q=PoQ}F-=D |@=QN sR}v=mt QO w OvwW|tv s}rUD u=tDN=U VR} QwQi |xrLQt =D
Cw=iD '4 pmW j@=]t "CU= xOW Q_vhQY =yp=YD= |R=Ux}@W R= wQ u}= R=
VwQ wO T=U=Q@ =ypOt |]NQ}e |m}t=v}O w |m}D=DU= |=yp}rLD G}=Dv QO |mOv=
xO=iDU= 4 pwOH pw= OQwmQ R= '|v=tR |xJN} Q=D p}rLD |=Q@ "OQ=O OwHw |R=UpOt
u=mtQ}}eD hqDN= '=yp=YD= |R=Ux}@W sOa R= |W=v hqDN= OwHw =@ "CU= xOW
?w=vD u=tR u}vJty "CU= |WwBsWJ p@=k p}rLD |=yDv= QO =yu; s}rUD=U+B |@Uv
0 42 w 0 49 ?}DQD x@ [2]'�2008� uwDrU=y Q=DWwv w Q[=L |xar=]t QO =ypOt

"CU= xOw@ x}v=F
|@=} RQ=7pUo R= QwO|wk OQwmQ12CLD '|v=tDN=U|=ypOtVR} QwQi OQmrta
FEMA-695 ptar=QwDUO |=yOQwmQ u}@ R= xm =yu; C=YNWt xm 'CU= xOW
w PGAmaxx@ \w@ Qt Q}O=kt "CU= xOW x�=Q= 4 pwOH QO 'Ov=xOW ?=NDv= [8]'P
xRQru}tRCaQU |xv}W}@ w ?=DW |xv}W}@ Q=Okt?}DQD x@ '4 pwOH QO PGVmax

C=YNWt "CU= l =N QO |WQ@ Gwt CaQU |xOvyOu=Wv R}v Vs�30 "CU=
h}] u}ov=}t '5 pmW QO "Ov=xOW G=QNDU= [33]'xrRrR |=yxO=O x=o}=B R= xOW QmP
u} QDnQR@ Q]N h}] w KQ] h}] Q=vm QO xar=]t OQwt |=yOQwmQ xawtHt ?=DW

"OwW|t xOy=Wt 8�MCE� Q=_Dv= OQwt |=yxRQru}tR

"|v=tDN=U |=ypOt |WJ}B w |r=kDv= ?r=e |=yOwt ?w=vD u=tR "3 pwOH
b = 0=3 b = 0=2 b = 0=1 b = 0=0 eModeling

T� T� T� T� T� T� T� T� xwQo
4 8 2 3 4 6 2 4 4 2 2 5 3 9 2 6 D0
5 2 2 3 4 9 2 5 4 4 2 6 4 3 2 6 D10
5 6 2 4 5 4 2 5 5 2 2 7 5 0 2 7 D20
5 7 2 3 5 5 2 5 5 4 2 6 5 2 2 7 D25

"?=k |=[a= |R=U pOt "3 pmW

s}_vD |Qw] pOt <=RH= |DNU "CU= xOW pOt 'CU= pYDt |QU Qw]x@ |Q}tN
Q=Okt 'Qw_vt u}= |=Q@ "OwW u=Uty uwDU =} Q}D |DNU =@ ẁtHt QO xm CU= xOW
"CU= xOW xDiQo Q_v QO |a=HDQ= Q}D |DNU R= QDW}@ '|}=yDv= |=yQvi |x}rw= |DNU
pOt |a=HDQ= <RH |DNU =@ '?=k QO =yuwDU w =yQ}D |a=HDQ= |DNU 'wQ u}= R=
xOW O=yvW}B [27w26]'=y?=k |}xRQr Q=DiQ |wQ Q@ u}W}B C=ar=]t QO "CU= u=Uty
xm OwW ?=NDv= |a=HDQ= Q}D |DNU Q@=Q@ 10 |v=QwO |=yQvi |x}rw= |DNU xm CU=
|=Q@ |WwQ u}vJ 'xwqax@ "CU= xOW xO=iDU= C@Uv u}ty R}v Q[=L |xar=]t QO
ẁv R= |}=Q}t 'T=U= u}ty Q@ [27]"CU= |QwQ[ sDU}U |}=Q}t ?U=vt |R=Ux}@W

QO xR=U x}rw= |DNU w sQH |=yT} QD=t =@ ?U=vDt w �5 |}=Q}t C@Uv =@ |r}=Q
|Q=DiQ pOt =@ 'OpenSEES Q=Ri=sQv QO =yQvi |Q}tN Q=DiQ "CU= xOW xDiQo Q_v
xOW x�=Q= [28]'Vv=Q=mty w 5=Q=@}= \UwD Q=@ u}rw= |=Q@ xm OwW|t h} QaD Clough

Ctw=kt w |DNU p=wR |R=Ux}@W |=Q@ sRq |}=v=wD 'Clough |]NxU pOt "CU=
|xN=W OwHw 'xwqax@ [30w29]"OQ=O =Q |vD@ uwDU � Q}D l} |}xNQJ Q=DiQ QO
%Q}_v |}=yxO}OB |R=Ux}@W |=Q@ '�?3 pmW QO |rwRv |xN=W� |WvQm |oOvwWsQv
|vD@ <=[a= QO uD@ uOW OQ )N w '|rw] |=yQwD=tQ; s}rUD '|rw] |=yQwD=tQ;Vv=tm
|Q}tN pOt =@ ?=k <=[a= Q=DiQ |R=Ux}@W 'C}=yvQO [31w2]"CU= ?U=vt KrUt
'(Ke) w[a |a=HDQ= |DNU '?3 pmW j@=]t "CU= QDu=U; RmQtDt pYit
|Q}tN u=QwO C}iQ_ (Mc) w[a |}=yv Ctw=kt w (My) w[a |WtN Ctw=kt
'(�pc) xv}W}@ Ctw=kt x@ uO}UQ R= TB w[a |Q}tN u=QwO C}iQ_ w (�p) w[a
|Q=DiQ |=yQDt=Q=B u}}aD |=Q@ "OvDUy Clough |Q=DiQ pOt |=yQDt=Q=B u} QDsyt R=

"CU= xOW xO=iDU= [32]'|vi C=}@O= QO OwHwt |@ QHD \@=wQ R= 'Q}N=
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xQ=t
W'
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|xQ
wO'

�14
00

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt "xOW xO=iDU= |}xRQr |=yOQwmQ "4 pwOH

=yOQwmQ C=YNWt x=oDN=U C=YNWt xrRrR C=YNWt
PGVmax PGAmax pUo =D xrY=i Vs�30 pUo ẁv xrRrR s=v =oQR@
(cm=s) [g] (km) (m=s)

31=8 0=35 22=1 242 Rer O=ODt= Imperial Valley 6=5
30=9 0=13 56=2 276 Twmat SMART1 �45� 7=3
36=2 0=19 23=9 179 Rer O=ODt= Superstition Hills 6=5
42=8 0=18 70=9 190 Twmat Loma Prieta 6=9
41=8 0=17 23=6 354 Rer O=ODt= Landers 7=3
66=7 0=44 9=5 356 Twmat Northridge 6=7
26=9 0=32 22=5 312 Rer O=ODt= Kobe,Japan 6=9
30=6 0=16 13=5 523 Rer O=ODt= Kocaeli,Turkey 7=5
25=6 0=07 84=2 210 Twmat Chi-Chi,Taiwan 7=6
65=8 0=81 12 294 Rer O=ODt= Duzce,Turkey 7=1
43=9 0=52 12=6 724 Rer O=ODt= Manjil,Iran 7=4
28=7 0=33 12 726 Rer O=ODt= Hector Mine 7=1

ZQi |v=tDN=U |=ypOt QO |Q=O}=B=v ẁkw |=yQ=}at R= |m} '�xk@] sR}v=mt� xk@]
s=Hv= 'CU= xOW |U} wvxt=vQ@ 13?rDt QO xm |QoWR=OQB\UwD u; pQDvm xm OwW|t
|}xNQJ Q=DiQ '|m}t=v}O |=yp}rLD |HwQN T=U=Q@ xOW QmP QoWR=OQB "OwW|t
|Q}tN Q=DiQ VQDUo |xwLv w XNWt <=[a= |=yDv= QO |Q}tN |v=QwO |=yQvi
C=ar=]t T=U=Q@ u}vJty "Ovm|t u}}aD xOWh} QaD |ovQ |wor= =@ xU}=kt QO =Q
u=wvax@ 'xk@] `=iDQ= �10 =@ pO=at |}xk@] u}@ |@Uv |=yu=mtQ}}eD [34w2]'OwHwt

"OwW|t xDiQo Q_v QO |v=tDN=U |=ypOt QO VR} QwQi ẁkw swO Q=}at
u}ov=}t '|Q}oxH}Dv OvwQ QO 14O}OW|oOvm =QB =@|}=yxO=O Q}F-=D R= |Q}owrH |=Q@
1 \@=wQ j@] Qw_vt u}= |=Q@ "OwW|t VQ=Ro |}=yxO=O u}vJ hPL R= Oa@ |}=yv
hPL 'OvQ=O Q=Qk [Sta Sba] |xOwOLt R= GQ=N xm VR} QwQi C}iQ_ Q}O=kt '3 |r=
VR} QwQi C}iQ_ Q}O=kt |a}@] sD} Q=or OQ=Ov=DU= Q=}at h=QLv= �R "OvwW|t
w uwDrU=y |=yQ=DWwv QO C}a]k sOa C=ar=]t |=v@t Q@ p3�R ?=NDv= "CU=

"CU= xDiQ}PB CQwY [30w2]=Q=@}=
Sta = exp(lnSCT +

p3�R) (1)

Sba = exp(lnSCT �p3�R) (2)

�R =

vuut nX
i=1

ln(Sa;collapse i � lnSCT )2
n� 1 (3)

|=yOQwmQ |xawtHt <=R= x@ pOt VR} QwQiC}iQ_ Q}O=kt 'IDA p}rLD s=tD= =@
?=NDv= l} 'p=tQv nwr `} RwD xm O=O u=Wv [30]'=Q=@}= "Ov};|t CUOx@ 4 pwOH
nwr `} RwD ZQi =@ "OwW|t ?wULt VR} QwQi C}iQ_ `} RwD V}=tv |=Q@ ?U=vt
|]N R=i QO xm CU= |vat u}O@ |tD} Q=or R=i QO |Q}ou}ov=}t '=yxO=O |=Q@ p=tQv
Oy=wNh} QaD 4 |x]@=Q j@=]t w =yu;|UOvy |Q}ou}ov=}t T=U=Q@ =yxO=O u}ov=}t
|Q=Pos=v u}= "OwW|t xO}t=v pOt VR} QwQi C}iQ_ u}ov=}t SCT u; QO xm OW
pOt |vt}= |x}W=L "CU= xOW s=Hv= [8]'FEMA-P695 ptar=QwDUO T=U=Q@

"xar=]t |=yOQwmQ ?=DW h}] "5 pmW

C@Uv Q=}at =@ |v=tDN=U |=ypOt VR} QwQi OQmrta 'Q[=L |xar=]t QO
R= 'Q}N= |xYNWt u}}aD |=Q@ "CU= xOW xO}HvU 9�CMR� VR} QwQi |x}W=L
'IDA VwQ QO [34]"CU= xOW xO=iDU= 10�IDA� xOv}=Ri |m}t=v}O p}rLD VwQ
'O@=}|t xt=O= |}xRQr COW R= K]U u; =D =ypOt p}rLD 'xrRrR OQwmQ Qy <=R= x@
|=yp}rLD QO |}xRQr COW Q=}at "OwW xOy=Wt xR=U QO |m}t=v}O |Q=O}=B=v xm
Q}_v |i}] ?=DW w CU= |r=kDv= Owt ?w=vD u=tR QO |i}] ?=DW '|m}t=v}O
p}rLD R= w OwW|t xO}t=v u; 11VR} QwQiC}iQ_ 'pOt |m}t=v}O |Q=O}=B=vC}a[w
|v=tDN=U |=ypOt |=Q@ =Q IDA p}rLD G}=Dv '6 pmW "O};|t CUO x@ IDA

T1 w |}xRQr COW Q=}at Sa(T1) 's�=k QwLt |wQ Q@ "OyO|t u=Wv xar=]tOQwt
|xv}W}@ 'IDRmax |ki= QwLt |wQ Q@ "CU= |r=kDv= ?r=e Owt ?w=vD u=tR
|@; |vLvt "OwW|t xOy=Wt |v=tDN=U pOt |=Q@ 12|}xk@] u}@ |@Uv |}=Hx@=H

"OyO|t u=Wv =Q \@DQt pOt |}xRQr Q=DiQ u}ov=}t 'pmW Qy |wQ Q@
OvJ =} l} QO ?=k |rY= <=[a= |=yDv= QO |Q}tN pY=it u=tRsy p}mWD
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|=yC} RmQt R= GwQN QO |v=tDN=U |=ypOt |vt}= |x}W=L |xU}=kt "8 pmW
"hrDNt

OvDUy C} RmQt R= GwQN Ok=i |v=tDN=U |=ypOt u; QO xm CU= |Dr=L |xOv}=tv
M30 'xvwtv |=Q@ "OvyO|t u=Wv =Q |WJ}B uR=wDt=v |=ypOt '=yCr=L |x}k@ w
GwQNV}=Ri= =@ 'pY=L G}=Dv T=U=Q@ "CU=ypOt QO �30C} RmQt R= GwQN hQat
"OvQ=O VR} QwQi p@=kt QO |QDy@ |vt}= |x}W=L 'xar=]t OQwt |=ypOt 'C} RmQt R=
V}=Ri= =@ �D25 =D D0� |v=tDN=U |=yxwQo |x}rm QO VR} QwQi |x}W=L C@Uv
\UwDt Qw]x@ V}=Ri= u}= "OwW|t QDW}@ �OYQO 30 x@ QiY R=� C} RmQt R= GwQN
|wU x@ sQH RmQt |}=Hx@=H 'xar=]t OQwt |=ypOt QO Qo}O CQ=@a x@ "CU= �17
xOWv QwmPt |=ypOt QO VR} QwQi Q]N V}=Ri= ?Hwt \ki xv 'CNU |x@r ?=k
"CU= VR} QwQi Q@=Q@ QO u=tDN=U |vt}= Ow@y@ CyH QO C=Q}}eD OvwQ xmr@ 'CU=
=@ xU}=kt QO uR=wDt=v |=ypOt '|WJ}B sQv |v=tDN=U |=ypOt QO '|rm O}O R=

"OvQ=O VR} QwQi OQmrta ^=Lr x@ |QD?U=vt C}a[w uR=wDt |=ypOt
xOW xHwD |}xR=U <=[a= QO |@=QN `} RwD |xwLv x@ '=yxOy=Wt QDy@ lQO |=Q@
|x@r w CNU |x@r |=y?=k QO |Q}tN Q=DiQ VQDUo |xwLv '9 pmW QO "CU=
'xOW xO=O u=Wv C}a[w "OwW|t xOy=Wt �1 pmW QO F3 w F1 |=y?=k� sQv
"CU= Loma Prieta |xrRrR CLD =ypOt |]NQ}e |m}t=v}O p}rLD |xH}Dv
x@=Wt pY=L G}=Dv '=yOQwmQ Q}=U |=Q@ xm OvyO|t u=Wv G}=Dv |UQQ@ 'p=L u}= =@
|tm xm |}xRQr COW K]U u} QDnQR@ QO '=ypOt |x}rm QO p}rLD G}=Dv "CU=
xm |ovQ |wor= QO "CU= xOW G=QNDU= 'OQ}o|t Q=Qk VR} QwQi K]U R= QDu}}=B
w |DQwY nvQ 'CU= xOW |iQat pY=it QO |Q}tN Q=DiQ K]U X}NWD |=Q@
|wQ Q@ �cap "CU= w[a QO |oDN}Uo ẁkw w s}rUD R=e; |vat x@ ?}DQD x@ RtQk
w[a |WtN |xv}W}@ Ctw=kt Q}_v |Q}tN pYit u=QwO Q=Okt 'QwmPt |wor=
D25 w D0 |v=tDN=U |=ypOt xwQo wO =@ \ki xr�Ut K} QWD 'Q=YDN= |=Q@ "CU=
9 pmW QO OYQO 30 w QiY C} RmQt R= GwQN wO =@ xm 'CU= xDiQ}PB CQwY
|Q}tN Q=DiQ VQDUo |xwLv uR=wDt |=ypOt QO 'u; j@=]t xm &OvwW|t xOy=Wt
'=ypOt R= |NQ@ QO p=L u}= =@ "CU= CNU |x@r ?=k x@=Wt sQv |x@r?=k QO
CNU |x@r ?=k QO =y?}U; COW xm OQm xOy=Wt u=wD|t 'D25�M0 Q}_v
Qw]x@ CmQL 'D25 w D0 |=ypOt QO xm =Hv; R= "CU= sQv |x@r ?=k R= QDW}@
w u=}t} Qm |xar=]t G}=Dv =@ pY=L G}=Dv u}@ |UwULt x@=WD 'CU= |r=kDv= xOta
Q=DiQ VQDUo |xwLv |xar=]t =@ u=W}= "OwW|t xOy=Wt [11]'�2017� Vv=Q=mty
xOta Qw]x@ =y?}U; `tHD xm OvDiQo xH}Dv |WJ}B CNU |=ypOt QO |Q}tN
xar=]tOQwt uR=wDt |=ypOt QO "OQ}o|t pmW sQH RmQt x@ l}ORv |=y?=k QO
QO QDO}OW |=y?}U; p}rO w CU= QDl}ORv CNU |x@r ?=k x@ sQH RmQt R}v

"|WJ}B uR=wDt |=ypOt QO |vt}= |x}W=L "7 pmW
u}tND VR} QwQi |x}W=L C@Uv Q=}at R= xO=iDU= =@ VR} QwQi p@=kt QO |v=tDN=U
|i}] ?=DW SMT 'u; QO xm OwW|t h} QaD 5 |x]@=Q j@=]t xm OwW|t xOR
h}] R= u; Q=Okt w CU= xk]vt |=Q@ Q=_Dv=OQwt |=yxRQru}tR u} QDnQR@ Q}_v
|xar=]t h=Oy= <RH MCE h}] |x@U=Lt xm =Hv; R= "O};|t CUO x@ MCE

ZQi MCE h}] u=wva x@ 'KQ] h}] Q@=Q@ 1 5 |@} QkD Qw]x@ 'CU}v Q[=L
|=ypOt |vt}= |x}W=L |@=} RQ= [8]'FEMA-P695 ptar=QwDUO j@=]t "OwW|t

"OQ}o|t CQwY |i}] pmW Q=F; p=ta= R= TB |v=tDN=U

SCT = exp(ln
nY
i=1

S 1=n
a;collapse i ) (4)

CMR = SCT
SMT

(5)

Q}F-=D w |v=tDN=U |=ypOt QO |vt}= |x}W=L "5
VR} QwQi OQmrta QO uqB QO sQH RmQt C}akwt

XNWt Dx�M0 |twta s=v =@ xm '|WJ}B uR=wDt |=ypOt |vt}= |x}W=L
Rm =Qt '|v=tDN=U |=ypOt R= xDUO u}= QO "OwW|t xOy=Wt 7 pmW QO 'OvwW|t
pOt \ki 'p=L u}= =@ "(eModeling = 0) OvDUy j@]vt sy Q@ C}@rY w sQH
pOt QO 'Qo}O CQ=@ax@ "OQ=O uqB QO |@v=H |DNU uQ=kDt `} RwD D0 �M0
w OvQ=O |v=Um} |L=Q] C=YNWt |@v=H Q@ Q=@ |=y?=k 'D0�M0 |v=tDN=U
|L=Q] C=YNWt '�D20�M0 pOt xvwtv u=wva x@� uR=wDt |=ypOt x}k@ QO
'pY=L G}=Dv j@=]t "OvDUy Qo}Om} R= Cw=iDt '1 pwOH j@=]t |WtN |=y?=k
OvQ=O VR} QwQi p@=kt QO |v=Um} ,=@} QkD |vt}= |x}W=L '�TB� uR=wDt |=ypOt
Qw]x@ "OQ=O |vt}= |x}W=L C=Q}}eD OvwQ QO |mOv= Q}F-=D |DNU uQ=kDt=v `} RwD w
�7 \ki D25�M0 pOt QO �CMR� VR} QwQi |x}W=L C@Uv Q=Okt 'xvwtv

"CU= pOt QO D0�M0 C@Uv Q=Okt R= QDW}@
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5. Ibarra
6. Haselton
7. Far-�eld
8. maximum considered earthquake (MCE)
9. collapse margin ratio (CMR)
10. incremental dynamic analysis (IDA)
11. collapse capacity
12. maximum Inter-story drift ratio
13. MATLAB
14. outlier data
15. Kyrkos
16. Kumari-Tablizi
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