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2 )

N
 = exp(0 18�� 2 5) (5)

|rw] |=yCyH |=Q@ l =N pO=at |=yQo =Q}t QO xO=iDU= |=Q@ sRq ?}=Q[
l =N |=yQDt=Q=B R= Qw_vt "OvwW|t xOy=Wt 2 pmW QO uwiOt |xrwr |[Qa w
pkDUt w Oa)@ |@ |}=Q}t ?}=Q[ R= Ov=CQ=@a xm CU= �Su w �Sw 'QwmPt pmW QO
?}=Q[ |x@U=Lt R= Oa@ [26]"xrwr |[Qa w |rw] |=yCyH QO l =N Ot=U@ R=
|R=wt CyH QO l pw] x@ l =N R= |v=tr= |=Q@ |}=Q}t ?}=Q[ '2 pmW R= QwmPt
x@U=Lt �? w hr=� 6 \@=wQ R= xO=iDU= =@ ?}DQD x@ |[Qa CyH w xrwr QwLt

%OvwW|t
Csa = G �Sw

rl
Vs

(hr=6)

Csl = G �Su
rl
Vs

(?6)

jta h 'u=tr= pw] l 'xrwr `]kt K]U `=aW r 'l =N |WQ@ pwOt G 'u; QO xm
xU x@ pOt xQo Qy '|R=UpOt Qw_vt x@ "CU= l =N |WQ@ Gwt CaQUVs w uiO
R=QD QO =yQo =Q}t w =yQvi |=yC@=F "OW pYDt hrDNt CyH xU QO Qo =Q}t � Qvi
`} RwD xrwr |=yxQo s=tD u}@ QO CN=wvm} CQwYx@ w OvOW x@U=Lt xrwr |RmQt \N
xOW x�=Q= 3 pmW QO |RQt \}=QW w xrwr � l =N sDU}U l}D=tW Q} wYD "OvOW

"CU=

[26]"h=r ?UL Q@ l =N Oa)@ |@ |}=Q}t ?}=Q[ "2 pmW

OQwt Qvi |=yu=tr= "CU= xOW xO=iDU= s�=k w|[Qa '|QwLt |=yCyH QO 'OvDUy
"OvDUy ?U=vt nQR@ |]NQ}e |=yVvQm w =y|}=Hx@=H |R=UpOt |=Q@ xO=iDU=
xm Qw]u=ty 'Q}_v |@Uv |}=Hx@=H w l =N Qvi |xv}W}@ |wQ}v pFt |}=yQDt=Q=B
sRq l =N |xDUUo |]NQ}e |=yQvi h} QaD |=Q@ 'OwW|t xOy=Wt 1 pmW QO
CQwY u}= x@ w OvDUy [16]'ALA ptar=QwDUO |=v@t Q@ QwmPt |=yQDt=Q=B "CU=
|=Q@ 'OwW pkDvt xrwr x@ Ov=wD|t xm l =N |QwLt |wQ}v |xv}W}@ %OvwW|t h} QaD

%O};|t CUOx@ 1 |x]@=Q R= xrwr pw] OL=w
Tu = �D�c+ �DH�
 1 +K0

2 tan �

� = 0 608� 0 123c� 0 274
c2 + 1 + 0 695

c3 + 1 (1)

RmQt R= xm xrwr uiO jta H 'l =N |oOv@UJ C 'xrwr |vwQ}@ Q]k D 'u; QO xm
QO l =N Q=Wi ?} Q[ K0 'l =N QF-wt XwYNt uRw �
 'OwW|t xDiQo xR=Ov= u;
xrwr u}@ l =m]Y= |x} w=R � w xrwr w l =N u}@ |oOv@UJ ?} Q[ � 'uwmU Cr=L
QDt|r}t 10 w 5 '3 Q@=Q@ �1 pmW� Tu |wQ}v Q}_v �t |}=Hx@=H "CU= l =N w
O=yvW}B 'ALA j@=]t sQv TQ w CU )U |xU=t 'sm =QDt |xU=t |=Q@ ?}DQD x@
pkDvt Ov=wD|t xrwr pw] OL=w x@ l =N R= xm |@v=H |wQ}v |xv}W}@ [16]"CU= xOW

%OwW|t x@U=Lt 2 |x]@=Q j} Q] R= 'OwW
Pu = NchcD +Nqh�
HD

Nch = a+ bx+ c
(x+ 1)2 + d

(x+ 1)3 � 9
Nqh = a+ bx+ cx2 + dx3 + ex4 (2)

TQ |=Q@ ?}DQD x@ |ki= |Q@ Q=@ C}iQ_ ?} Q[ R= CQ=@a Nqh w Nch 'u; QO xm
Q]k x@ uiO jta C@Uv '��� |rN=O l =m]Y= |x} w=R ?ULQ@ w OvDUy xU=t w
QwmPt |=yQDt=Q=B "OvwW|t u}}aD e w d 'c 'b 'a C@=F |=yQDt=Q=B w �H=D� xrwr
�1 pmW� Pu |wQ}v Q}_v �p |}=Hx@=H [16]"Ov=xOW x�=Q= 'ALA QO |rwOH |]

%OwW|t x@U=Lt 3 |x]@=Q j} Q] R=
�p = 0 04(H + D

2 ) � 0 10D � 0 15D (3)

x@U=Lt 4 |x]@=Q CQwYx@ xrwr pw] OL=w QO l =N |q=@ x@ wQ Qvi |wQ}v
%OwW|t

Qu = NcvcD +Nqv
HD

Ncv = 2(H
D

) � 10
Nqv = ( �H44D ) � Nq
Nq = exp(� tan�)tan2(45 + �

2 ) (4)

[27]"l =N |]NQ}e |=yQvi "1 pmW
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RQ=|=Q@ w s}rUD Cr=L QO xrwr w l =N u}@ |@Uv |}=Hx@=H R}v U0 "OvDUy xrwr pw]

[28]"CU= 1 pmW QO �t u=ty `k=w QO xm CU= |QwLt CyH

F (�L) =

8<:
q

3EAfs2 U�
230 �L

23 ; 0 � �L � U0q
2EAfs ��L� 1

4U0
�
; U0 � �L � �2

yA
2Efs + U04

(7)

=yxRQru}tR "4
p}mWD |=Q@ xrRrR OQwmQ 20 =D 10 R= xO=iDU= [29]'1999 p=U QO |D=ar=]t T=U=Q@
COW Q=}at l} R= xO=iDU= 'Qo}O hQ] R= "OUQ|t Q_v x@ |i=m IDA |=y|vLvt
u}tND w IDA p}rLD QO xO=iDU= |=Q@ R=}vOQwt |xrRrR |=yOQwmQ O=OaD '27=Q=m
x@ xaH=Qt =@ [30]"OyO|t Vy=m =Q |UOvyt R=}v QDt=Q=B Q}O=kt CWPo =Qi p=tDL=
uwiOt xrwr \w]N |=Q@ xv}y@ IM u}}aD OQwt QO xm [27]'2016 p=U QO |Q=DWwv
|QD=Q=m COW Q=}at 'PGA w Sa x@ C@Uv PGV xm OwW|t xOy=Wt 'CU=
|=yOQwmQ R= u=wD|t 'COW Q=}at u=wvax@ PGV R= xO=iDU= CQwY QO TB "CU=
Q=}U@ u=tR Cra x@ 'Q[=L |xar=]t QO "CUH xQy@ IDA p}rLD |=Q@ |QDtm
u=wvax@ PGV R= xO=iDU= R}v w uwiOt |=yxrwr IDA p}rLD |=Q@ R=}vOQwt O=} R

"CU= xOW xO=iDU= p}rLD |=Q@ xrRrR OQwmQ 10 R= \ki 'COW Q=}at
QO xm 28xvwoTr=B Q}e |xrRrR OQwmQ 10 R= |}xawtHt 'Q[=L Q=DWwv QO
|oQR@ '|oDN}Uo K]U =D xrY=i u} QDl}ORv T=U=Q@ 'Ov=xOW CUQyi 1 pwOH

[27]"|RQt \}=QW w xrwr � l =N sDU}U l}D=tW pmW "3 pmW

=yRQt |R=UpOt "3"3
xm OwW |R=Ux}@W OwOLt=v pw] =@ xrwr \N O}=@ 'j}kO |R=UpOt s=Hv= |=Q@
Q@ x@re |=Q@ "OwW|t |D=@U=Lt CqmWt ?Hwt w CU= Q@u=tR |[Qi xD@r=
|RQt \}=QW u=wvax@ [28]'pO=at RQt VwQ Q[=L |xar=]t QO 'xOWKQ]t pmWt
|=y|}=Hx@=H xm CU= u}= Q@ ZQi 'pO=at RQt VwQ QO "CU= xOW xO=iDU= xrwr
CyH QO \ki w xrwr w l =N l =m]Y= Cra x@ =yRQt QO xrwr w l =N u}@ |@Uv
p=ta= pOt QU wO x@ xm |]NQ}e Qvi u=wvax@ Ovv=wD|t =yRQt u}=Q@=v@ "CU= |QwLt
�L QwLt pw] Q}}eD w F |QwLt |wQ}v u}@ |x]@=Q "OvwW xDiQo Q_v QO 'OvwW|t
|v=UWm pwOt E 'u; QO xm OwW|t u=}@ 7 |x]@=Q CQwYx@ QwmPt |=yQvi |=Q@
OL=w Q@ |WRer l =m]Y= fs 'xrwr s}rUD VvD �y 'xrwr `]kt CL=Ut A 'xrwr

"xrRrR OQwmQ 10 |xawtHt "1 pwOH
Vs PGV PGA xrY=i |oQR@ O=ONQ h}OQ
242 33 0 35 22 6 5 1�=DrO� �1979� 06�|rw p=} QBt= 1
289 38 0 51 15 6 9 2�qwD}B=m � �1989� =D} QB =twr 2
329 24 0 24 27 6 7 3�=DrO� �Q; |O QJri�q� �1994� 01�G} QFQwv 3
312 27 0 32 23 6 9 4�=w=owo =m � �1995� uB=S 'x@ wm 4
282 56 0 36 15 7 5 5�xHRwO� �1999� x}mQD '|ra=Hwk 5
354 39 0 24 24 7 3 6�uW}DU= Q}=i wtQ}� �1992� RQOvr 6

192 48 0 36 18 6 5 �1987� 02�Tr}y uW}DUQB wU 7
7�CvU "wm "At}= wQDvUr=�

344 28 0 20 24 6 8 8�u=}U=mwo � 1988 'u=DUvtQ= 'l =D}BU= 'l =D}BU= 8
325 13 0 10 29 7 3 9�x} wQW@� �1978� u=Q}= 'T@] 9
233 42 0 27 16 7 6 10�|rw Tr=y� �1999� u=w}=D '|J |J 10
1 Imperial Valley�06, 1979 �Delta� 2 Loma prieta, 1989 �Capitola�
3 Northridge�01, 1994 �LA - Fletcher Dr� 4 Kobe, Japan,1995 �Kakogawa�
5 Kocaeli, Turkey , 1999 �Duzce� 6 North Landers, 1992 �Yermo Fire Station�
7 Superstition Hills�02, 1987 �El Centro Imp. Co. Cent�
8 Spitak, Armenia, 1988 �Gukasian� 9 Iran, Tabas,1978 �Boshrooyeh�
10 Chi-Chi, Taiwan, 1999 �Halls Valley�
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|OL |=yCr=L h} QaD "8
|=yQ=}at Qo}O 'u; R= Qw@a=@ xmCU= xrwr OQmrta R= |D}a[w '|OLCr=L R= Qw_vt
VN@ QO xm Qw]u=ty [38]"�OwW|t |krD |@=QN u=wvax@ w� OwW|tv xOQw;Q@ |L=Q]
"OwW|t h} QaD XNWt |OL Cr=L l} |=Q@ xrwr |oOvvmW 'OW QmP Q}N=

"OwW h} QaD xrwr |OL |=yCr=L 'Q[=L VN@ QO xm CU= sRq u}=Q@=v@

32 �OL� |OQmrta |OL Cr=L "1"8
R= Oa@ xrY=iq@ OQmrta w ODi}@ j=iD= O}=@v |@=QN I}y '|OQmrta |OL Cr=L QO
MQ xrwr QO |Q}tN pmWQ}}eD |Q=Okt CU= umtt xD@r= [33]'OwW xDiQo QU R= xrRrR
xOQw;Q@ =Q OwN |OQmrta |=yR=}v Ow@ Oy=wN QO=k xrwr \N p=L u}= =@ =t= 'OyO
|OL Cr=L u}= |=Q@ |Q=Wi VvQm OL [16]'ALA ptar=QwDUO T=U=Q@ [39]"OR=U

%O};|t CUOx@ 10 |x]@=Q R=

"cr = 0 75
"
0 5

�
t
D0
�
� 0 0025 + 3000

�
pD
2Et

�2#
(10)

uOW |w[}@ R= Oa@ xrwr Q]k D0 'xrwr Q]k D 'xrwr |xQ=OH Ct=N[ t 'u; QO xm
C@Ft xm � xWwQm pN=O swU w swO CqtH R= Qo = "CU= xrwr pN=O Q=Wi p w
OwW Q_vhQY 'Ovvm|t |FvN =Q Qo}Oty QF= xmv}= ZQi =@ �OvDUy R}v |ivt w
Q@=Q@ OQmrta K]U u}= QO uOW |w[}@ R=Ht |xv}W}@ xmv}= pwkat ZQi =@ w
u=wvax@ 11 |x]@=Q R= pY=L Q=Okt �D0 = 0 9375D |va}� OW=@ �6 25
Q@ j@]vt ,=k}kO xm CU= xOW xO=iDU= |OQmrta |OL Cr=L Q}_v |Q=Wi VvQm

%CU= R}v [32]'8 OmwQw} |xOWx}YwD Q=Okt
"cr = 0 4 t

D
(11)

33 �PI� Q=Wi |oJQ=Bm} |OL Cr=L "2"8
|rw 'OwW nQR@ |=ypmWQ}}eD Q=JO xrwr xm CU= Q=_Dv= OQwt |OL Cr=L u}= QO
ptar=QwDUO w [16]'ALA ptar=QwDUO |=v@t Q@ [33w16]"Ovmv =O}B CWv u; C=} wDLt
VQ}PB Q=}at 'R=o w Civ |xrwr \w]N |=Q@ [36]'PRCI PR�268�9823 |}xRQr

%O};|t CUOx@ 12 |x]@=Q R= Q=Wi |oJQ=Bm} |OL Cr=L |=Q@
"cr = 1 76 t

D
(12)

34�UL� |}=yv |OL Cr=L "3"8
[40]'u=QoWywSB R=|[a@ [32]"OwW|th} QaD|}xR=UVR} QwQi Q}_v '|}=yvOLCr=L
|rN=O Q=Wi ?}mQD |=Q@ "OvQ@|t sU= xrwr C}iQ_ u=wva =@ =Q |}=yv |OL Cr=L
VvD Q@=Q@ C}iQ_ 'OwOLt <=RH= p}rLD R= pY=L G}=Dv T=U=Q@ '|QwLt |wQ}v w
0 5 (SMY S + SMTS) =@ xm OwW|t xDiQo Q_v QO |oDN}Uo QO |QwLt
VvQm Q}_v VvD SMY S w �20 VvQm Q}_v VvD SMTS "Ow@ Oy=wN |w=Ut
C=ar=]t |=v@t Q@ xm CiQo xH}Dv u=wD|t u}=Q@=v@ [40]"OwW|t xDiQo Q_v QO �0 5
|xar=]t QO u}=Q@=v@ "CU= �10 Q@=Q@ ,=OwOL '|oDN}Uo Q}_v VvQm [40]'xOWQmP
"CU= xOW xDiQo Q_v QO �10 Q@=Q@ |}=yv |OL Cr=L Q}_v |Q=Wi VvQm 'Q[=L

|oQR@ =@ |@=NDv= |=yxRQru}tR "Ov=xOW ?=NDv= [31]'29Q}B x=o}=B R= l =N ẁv w xrRrR
|wQ Q@ w xOw@ QDtwr}m 29 =D 15 |xOwOLt QO xrY=i w 7 6 =D 6 5 |xOwOLt QO
QwmPt |=yOQwmQ R= l} Qy "Ov=xOW `k=w �2800 OQ=Ov=DU= T=U=Q@ III� ẁv l =N
xOv}=Ri |m}t=v}O p}rLD QO |OwQw l} QLD u=wvax@ w T=}kt hrDNt |=yCOW x@
QDt|Dv=U Q@=Q@ PGV OL=w 'g Q@=Q@ PGA OL=w QwmPt pwOH QO "Ov=xOW xO=iDU=
xO=O u=Wv �x}v=F Q@ QDt� Vs =@ |WQ@ Gwt CaQU w QDtwr}m 'xrY=i OL=w 'x}v=F Q@

"Ov=xOW

uwiOt |xrwr \w]N |=Q@ |UOvyt R=}v QDt=Q=B "5
QO xOWO=H}= |WtN |=yVvD xm OW xO=O u=Wv [26]'1979 p=U QO |WywSB QO
|QwLt |=yVvD R= QDlJwm �Q@=Q@ 10� 30x@DQt l} G=wt= Q=WDv= R= |W=v xrwr
[36�32'16]'uwiOt |xrwr \w]N |L=Q] |=yxt=vu}}; |NQ@ QO u}vJty "OvDUy
|=yVvQm 'Qo}O hQ] R= "OQ}o|t s=Hv= |QwLt VvQm T=U=Q@ xrwr VvQm pQDvm
Ea=@ xm 'OvDUy |WWm |=yVvQm R= QDlJwm |r}N 'Vv=tm x@ QHvt |Q=Wi
p=U QO |}xar=]t Ovv=ty 'Q[=L Q=DWwv QO wQ u}= R= "OvwW|t |WWm |oDN}Uo
x@ u}= R= xm � xrwr `]kt u} QD|v=QL@ QO xv}W}@ |Q=Wi |QwLt VvQm [27]'2016
|xrwr 31�EDP � |UOvyt R=}v QDt=Q=B u=wvax@ �OW Oy=wN xO=O u=Wv "max =@ Oa@
QO xrwr |@=QN ẁkw =@ ,=t}kDUt xm XwYN x@ &CU= xOW xDiQo Q_v QO uwiOt

"CU= \=@DQ=

xO=iDU=OQwt COW Q=}at "6
pLt VRQr K]U K}LY |Q}oxR=Ov= '=yxR=U |}xRQr MU=B u}}aD QO s=o u}rw=
\@=wQ R= |Q=}U@ 'OW QmP xtOkt VN@ QO xm Qw]u=ty "CU= xR=U E=OL=
^=Lr x@ xm CU= xOW xO=O u=Wv |DL w OvDUy PGV ?UL Q@ |oOvvmW
VywSB QO u}=Q@=v@ [14]&OQ=O xrwr |@=QN =@ |QDW}@ |oDU@ty 'PGV |Q=t;
xOW xDiQo Q_v QO |}xRQr COW Q=}at u=wvax@ u}tR CaQU |xv}W}@ 'Q[=L

"CU=

MU=B Q=}at w COW Q=}at u}@ |x]@=Q "7
[37]%O=O u=Wv �8 |x]@=Q� |v=wD pmW x@ u=wD|t =Q |}xRQr MU=B w R=}v u}@ |x]@=Q
EDP = a(IM)b (8)

%CU= p}O@D p@=k 9 |x]@=Q x@ xm
Ln(EDP ) = a+ bLn(IM) (9)

|=[i QO |]N uw}UQoQ p}rLD R= xO=iDU= =@ =Q b w a |=yC@=F u}}aD p}O@D u}=
Q}O=kt |a}@] sD} Q=or uw}UQoQ p}rLD O}=@ Qw_vt u}O@ "OR=U|t umtt |tD} Q=or
COW Q=}at Q}O=kt |a}@] sD} Q=or |wQ �Ln(EDP )� |UOvyt R=}v QDt=Q=B
|=yxO=O |t=tD R= uw}UQoQ 'QwmPt p}rLD QO "OwW s=Hv= �LN(IM)� Q}_v
xO=iDU= p}rLD QO xO=iDU= OQwt |=yOQwmQ |xty R= pY=L �EDP; IM �

"OwW|t
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Oqw

ixr
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w]N
|Q}

PB?
}U;

|@=}
RQ="=yxrwr |xv}W}@ |QwLt VvD |xU}=kt "2 pwOH

xrwr |UOvy QDt=Q=B �p=mU=B=ot� xv}W}@ |QwLt VvD
t(mm) D(cm) D=t [26]xr=kt [42]Q=Ri=sQv ��� hqDN=

6 131 6 219 3 347 338 4 2 5
11 1 131 6 118 3 308 301 2 2 2
17 1 131 6 77 277 272 1 1 8

"p}rLD |=Q@ xOWxDiQo Q_v QO |=ypOt C=YNWt "3 pwOH
pOt QDt=Q=B

M3 M2 M1
X65 X60 X80 O} Qo
448 413 551 Fy(MPa)

530 517 620 Fu(MPa)

1 29 1 48 0 86 �

25 58 18 99 37 n

610 508 914 D(mm)

6 4 11 1 7 9 t(mm)

95 3 45 8 115 7 D=t

2 75 1 5 1 69 H(m)

4 5 3 1 8 H=D

33 0 29 �(0)

0 75 0 C(KPa)

1900 1800 1700 
(kg=m3)

75 150 55 G(MPa)

199 288 180 Vs(m=s)

p=oJ =D@Uv |xU=t CiU TQ CUU |xU=t [42]l =N h} Q=aD
944107 1082255 1089975 Cs1(NS=m2)

713837 765497 810494 Csa(NS=m2)

15 8 13 7 7 6 !1(rad=S)

p}rLD "OW xDiQo Q_v QO 'OvDUy QDt|r}t 17 1 w 11 1 '6 Ct=N[ Q}_v ?}DQD
j@=]t xrwr w l =N |R=UpOt [42]"OW s=Hv= 'T}U uB= Q=Ri=sQv QO QwmPt |=yxrwr
s=Hv= Qo =Q}t � Qvi =@ l =N |v} Ro}=H R= xO=iDU= =@ p}rLD w 3 VN@ C=L}[wD
OQivt CQwYx@ xm 'Qo =Q}t � Qvi |=yu=tr= x@ =yQvi |DNU w |}=Q}t ?}=Q[ "OW
R= QwmPt |xrwr xU |xv}W}@ |QwLt VvD "OW p=ta= 'OvOw@ xOW h} QaD =yxQo QO
QO xm Qw]u=ty [26]"CU= xOW xU}=kt 'xOWQmP |xar=]t =@ w xOt; CUO x@ Q=Ri=sQv
|xar=]t =@ |@ wN j=@]v= Q=Ri=sQv R= xOt; CUOx@ G}=Dv 'OwW|t xOy=Wt 2 pwOH
|OOa C=ar=]t x@ Oa@ VN@ QO '|R=UpOt CLY R= u=v}t]= R= Oa@ "OQ=O QwmPt

"CU= xOW xDN=OQB

|OOa C=ar=]t "11
R=o w Civ `}=vY QO ,qwtat xm API5L |Oqwi |xrwr xU 'Q[=L |xar=]t QO
xOW x�=Q= M3 =D M1 |=ys=v =@ 3 pwOH QO u=WD=YNWt w 'OvwW|t xO=iDU=
'OW xO=O K}[wD xrwr |R=UpOt VN@ QO xm Qw]u=ty "Ov=xOW |UQQ@ 'CU=
xm xOW|L=Q] |=yxrwr "OvOW |L=Q] [16]'ALA \@=w[ T=U=Q@ QwmPt |=yxrwr

|oOvvmW |vLvt "9
R= Qw@a |]QW p=tDL= CQwYx@ XNWt |OL Cr=L l} |=Q@ xrwr |oOvvmW
%xYqN CQwYx@� xRQru}tR COW R= |YNWt K]U |=Q@ |OL Cr=L C}iQ_
'OwW xO=O u=Wv IM =@ xRQru}tR COW Qo = "OwW|t h} QaD �|@=QN |]QW p=tDL=

[41]%OwW|t h} QaD 13 |x]@=Q CQwYx@ |oOvvmW
FLS (im) = P

h
IM � IMC jIM = im

i
= P

h
IMC � imi

(13)

|OLCr=L |=Q@ imXNWt COW Q=}at QO xR=U|oOvvmWFLs(im) 'u; QO xm
13 |xrO=at "CU= Q_vOt �|OL Cr=L� C}iQ_ Q}_v COW Q=}at IMC w LS
IMC |iO=YD Q}eDt xmv}= p=tDL= CQwYx@ xR=U |oOvvmW xm OyO|t u=Wv
|oOvvmW 'Qo}O CQ=@a x@ "OwW|t u=}@ 'OW=@ imXNWt Q=Okt |w=Ut =} QDtm
p=tDL= `} RwD xm OwW ZQi Qo = "CU= IMC |iO=YD C}iQ_ |atHD `} RwD `@=D
OQ=Ov=DU= h=QLv= w IM Ĉ |xv=}t =@ 35p=tQv � nwr 'IMC COW Q=}at C}iQ_
|Uwo `} RwD `@=D CQwYx@ u=wD|t =Q |oOvvmW 'CU= �IMC Q@=Q@ |a}@] sD} Q=or

[41]%OQm u=}@ xOWOQ=Ov=DU=

FLS (im) = P
h
IMC � imi = �

24 ln
�

im
IM Ĉ

�
�IMC

35 (14)

|OL Cr=L |=Q@ |}xR=U |oOvvmW xm OQm xOy=Wt u=wD|t 14 |xrO=at R=
|OL Cr=L |=Q@ "OQm s}UQD |@=NDv= COW Q=}at R= |a@=D CQwYx@ u=wD|t =Q LS

"CU= s}UQD p@=k |OwaY ,=O}m = �|oOvvmW |vLvt� l} 'XNWt

|R=UpOt |HvUCLY "10
pY=L u=v}t]= |R=UpOt CLY R= xm CU= sRq |OOa C=ar=]t s=Hv= R= p@k
'1979 p=U QO |Q=DWwv T=U=Q@ |HvUCLY 'Q[=L VN@ QO Qw_vt u}O@ "OwW
548 6 xrwr pw] 'QDt 0 685 Q@=Q@ xrwr `=aW 'QwmPt Q=DWwv QO [26]"CU= xOW s=Hv=
Q@ QDt 68 6 Q@=Q@ |WQ@ Gwt CaQU 'xrwr `=aW Q@=Q@ 30 xrwr RmQt =D uiO jta 'QDt
xrwr \}=QW w xOW xDiQo Q_v QO ?amtQDt Q@ sQowr}m 1605 l =N |r=oJ w 'x}v=F
xOW xO=iDU= QwmPt |xar=]t QO xm |}xRQr l} QLD "CU= xOw@ O=R; QUwO CQwYx@
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2. Kanto (1923)

3. Long Beach (1933)
4. Fukui (1948)
5. Alaska (1964)
6. Puget Sound (1964)
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7. Santa Rose (1969)
8. San Fernando (1971)
9. Managua (1972)
10. Coalinga (1983)
11. Mexico City (1985)
12. peak ground acceleration
13. modi�ed mercalli intensity
14. Northridge
15. peak ground velocity
16. peak ground displacement
17. spectral acceleration
18. spectrum intensity
19. arias intensity
20. statistical signi�cance
21. american lifelines allaince
22. truncated standard distributions
23. incremental dynamic analysis
24. OpenSees2"4"6
25. �ber section
26. ramberg-osgood
27. e�cient
28. no pulse-like
29. Peer
30. an order of magnitude
31. engineering demand parameter
32. operable limit
33. pressure integrity
34. ultimate limit
35. Log-normal
36. San Fernando Valley
37. energy increment
38. tolerance
39. iteration
40. constant average acceleration
41. unconditionally stable
42. amplitude accuracy
43. period accuracy
44. amplitude error
45. solution convergence
46. Hazus-MH
47. repair ratio
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