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R= TB xOWO=H}= CQ=UN w xR=U Q=_Dv= OQwt OQmrta 'xR=U ẁv |L=Q] VwQ

"OQ=O |Y=N C}ty= xRQru}tR

|rL=U Q=w}O |OOa p}rLD "3
Island |}=} QO |xk]vt QO x@ wm QOv@ |=yQ=w}O R= |m} xar=]t u}= QO
=@ w xDiQo Q=Qk |UQQ@ OQwt �CU= xOW xO=O u=Wv 2 pmW QO xm � Rokko

7 Q=Ri=sQv QO |Oa)@ wO |OOa pOt l} =@ |]NQ}e |v=tR |xJN} Q=D p}rLD
|RQt \}=QW R= xm CU= xOW O=yvW}B xwqax@ "CU= xOW |R=UpOt FLAC

pOt w |UOvy pmW "OwW xO=iDU= |}xRQr R}r=v; |=Q@ pOt h=Q]= QO O=R; u=O}t
xOW u=}@ 1 pwOH QO l =N C=YNWt w x�=Q= 3 pmW QO sDU}U |xOWxDN=U
T=U=Q@ |vwU}m Q=w}O w l =N u}@ VvmQOv= w l =N |Dtw=kt |=yQDt=Q=B "CU=
|}xOWs=Hv= C=ar=]t j@] w [6]'2005 p=U QO |WywSB QO xOWx�=Q= C=YNWt
18 `=iDQ= x@ x@ wm |vRw |rL=U Q=w}O "CU= xOW ?=NDv= [1]'1996 p=U QO

"|OOa pOt QO |rL=U Q=w}O |xOWxDN=U pOt w |UOvy pmW "3 pmW
[6]"Kr=Yt C=YNWt "1 pwOH

xR} QnvU |DiQ@; TQ CWB R} Qm =N uw}Uv=Ovwi =yQDt=Q=B
2000 1700 1800 1800 (kg/m3) |r=oJ
8E4 7 5E4 7 9E4 5 8E4 (kPa) |WQ@ pwOt
40 30 37 37 (�) l =m]Y= |x} w=R
0 3 0 3 0 3 0 3 uwU=wB ?} Q[
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"|rL=U Q=w}O G=D QO xOt;CUOx@ s�=k w |ki= |}=Hx@=H |v=tR |xJN} Q=D "6 pmW

l} UBCSAND "CU= xDi=} xaUwD [17]'1998 p=U QO uQ}=@ \UwD xm CU=
|=yxR=U QO VvD w pmWQ}}eD R}r=v; |=Q@ xm 'CU= QF-wt VvD ?UL Q@ |Q}tN pOt
|=Q@ xm CU= u}= Finn pOt x@ C@Uv pOt u}= jQi "OwQ|t Q=mx@ |m}vmDw�S
u}= QO xm u; QDt=Q=B 17 x@ l}ORv w OwW x@U=Lt O}=@ |O=} R |=yQDt=Q=B 'x@U=Lt
OQwt pOt u}= QO xm |QDt=Q=B u} QDsyt "Ov=xDiQ Q=mx@ 'CU= xOw@ |OQ@ Q=m R}r=v;
xm CU= N1(60) QDt=Q=B 'OvDUy \@DQt u; =@ =yQDt=Q=B R= |O=OaD w CU= xO=iDU=
u; Q}O=kt w x@U=Lt |OQ@ Q=m |oDU@sy \@=wQ T=U=Q@ |[Qi CQwYx@ u; Q}O=kt
"CU= xOW x�=Q= 2 pwOH QO |vwU}m Q=w}O CWB w Q} R QO OwHwt |=yl =N |=Q@
QO Finn |Q=DiQ pOt T=U=Q@ u; p}rLD w |vwU}m |xrmU= u}= |R=UpOt =@
w |ki= |}=Hx@=H |xv}W}@ u=R}t '|}=Qou=wQ EL@ |=Q@ sDU}U |m}t=v}O |UQQ@
1 63 w 4 02 =@ Q@=Q@ ?}DQD x@ �x}v=F 38� xRQru}tR u=tR pw] QO Q=w}O G=D s�=k
=@ |vwU}m Q=w}O MU=B |UQQ@ |=Q@ |m}t=v}O R}r=v; Qo}O Q=@ "CU= xOW pY=L QDt
'CU= xDiQo s=Hv= OwHwt C=}[Qi T=U=Q@ UBCSAND |Q=DiQ pOt R= xO=iDU=
x@ xRQru}tR u=tR COt QO Q=w}O G=D QO s�=k w |ki= |}=Hx@=H |xv}W}@ u=R}t xm
|ki= w s�=k |}=Hx@=H u=R}t '6 pmW "CU= xOW QDt 2 10 w 5 20 =@ Q@=Q@ ?}DQD
'UBCSAND w Finn |Q=DiQ pOt wO Qy |=Q@ u=tR x@C@Uv =Q|vwU}m Q=w}O G=D
|WywSB QO xOt;CUOx@ G}=Dv =@ xU}=kt QO 'CU= xOW |v}@V}B xar=]t u}= QO xm
|Q=DiQ pOt R= xO=iDU= =@ xOt;CUOx@ |}=Hx@=H [6]"OyO|t u=Wv 2005 p=U QO
=@ 'xOW?=NDv= |Ov@Vt pOt w xOWxDiQo Q_v QO C=YNWt x@ xHwD =@ Finn

xOw@ QDt 4 Q@=Q@ |vwU}m Q=w}O G=D |ki= |}=Hx@=H QO xm |rL=U Q=w}O |ak=w MU=B
|@ wN Ck@=]t 'CU= xOw@ QDt 2 Q@=Q@ xm u; |ki= |}=Hx@=H =@ u}vJty w CU=

[1]"OQ=O

[13]"|QDt 32 jta QO |OwQw CW=ov?=DW u=tR |xJN} Q=D "5 pmW
"UBCSAND w Finn |=y pOt |=Q@ =yQDt=Q=B C=YNWt "2 pwOH

xR} QnvU CWB R} Qm =N uw}U=Ovwi =yQDt=Q=B
0 1E2 0 23E1 0 17E1 C1
4 16 1 78 2 29 C2
39 19 5 24 N1(60)

QO =yxO=O R= |NQ@ xmv}= p}rO x@ xar=]t u}= QO [15]"CU= xDUv=O \@DQt =yxv=O
[15]'�2 w 1 \@=wQ� CU= xOQm x�=Q= �1991� uQ}=@ xm |]@=wQ R= 'CU= xOw@v TQDUO
CUOx@ l =N QO N1(60) Q=Okt R= xO=iDU= =@ C2 w C1 |=yQDt=Q=B w xOW xO=iDU=
=Q C@=wF u}= u=wD@ xm |}=yQDt=Q=B x@ |UQDUO C}=yv QO w uOw@ QDxO=U "CU= xOt;
Finn pOt |=yQDt=Q=B Q}O=kt "CU= xOw@ uQ}=@ VwQ ?=NDv= Cra 'OQw; CUOx@
xar=]t u}= QO p}rLD |=Q@ |vwU}m Q=w}O Q} R w CWB l =N QO xDiQQ=mx@ Kr=Yt QO
Pwiv OOa Q}O=kt T=U=Q@ N1(60) Q}O=kt '2 pwOH QO "CU= xOW x�=Q= 2 pwOH QO
QO [1]'1996 p=U QO xOWs=Hv= VywSB QO xOWxQ=W= |xv=to nwr QO OQ=Ov=DU=
Q}O=kt CLY 'N1(60) |x@U=Lt R= TB "CU= xOt; CUOx@ |UQQ@ OQwt jta
u; QO xm [16]'1957 p=U QO |WywSB QO xOWx�=Q= \@=wQ T=U=Q@ xOt;CUOx@

"CU= xOt; CUOx@ (N)60 Q=Okt 'CU= xOW u=}@ Dr w (N)60 u}@ \=@DQ=
C1 = 8 7(N1)�1 25

60 (1)

C2 = 0 4/C1 (2)

UBCSAND pOt 'CU= xDiQ Q=mx@ |m}t=v}O R}r=v; |=Q@ xm swO |Q=DiQ pOt
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iaH
QU=} QwmPt |=yVQ=Ro =@ pt=m Ck@=]t Qou=}@ '|}xQiL ?; Q=Wi C=Q}}eD |xv}tR QO

xJ Qy s}UQD x@ |R=UpOt QO |vwU}m Q=w}O |=yMU=B |x@U=Lt QO CkO "CU=
xDW=O |QDW}@ CLY 'CUmW |=yR}r=v; =D Ovm|t ltm CUmW |vLvt QDy@

"OvW=@

CUmW |vLvt "4
xR=U � l =N sDU}U l} |}xRQr Q=DiQ |wQ Q@ |O=} R C=ar=]t 'xDWPo |=yp=U QO
x@ |m}vmDw�S VN@ =} w |}xR=U sDU}U OQmrta 'u}= OwHw =@ "CU= xOW s=Hv=
Vkv u=tR w xv} Ry pt=W |O=YDk= C=_Lqt xmr@ 'CU}v |v=QL@ pt=a |}=yvD
|}xRQr ?wJQ=J l} R= xO=iDU= "Ovvm|t |R=@ |a}@] C=Q]N s}tYD QO =Q |oQR@
VwQ u} QDy@ hWm x@ swO |xHQO QO w xR=U |Q}PB?}U; uDi=} QO pw= |xHQO QO
|=ysDU}U |L=Q] QO "Ovm|t ltm sDU}U OQmrta Ow@y@ Qw_vt x@ |R=Usw=kt
|Q=}U@ QO C}a]ksOa OwHw p}rO x@ �|}=} QO |=yxR=U ,=YwYNt� xR=U � l =N

"O}=}v CUOx@ |k}kO w |a]k |=yMU=B CU= umtt OQ=wt R=
C}iQ_ QO C}a]ksOa `@=D xR=U � l =N sDU}U l} QO CUmW p=tDL=
xm CU= |}=ywQ}v pO=at =[=kD QO C}a]ksOa "CU= |}xRQr |=[=kD w sDU}U
QO xm |}=y?=DW QO xm CQwY u}= x@ 'Ovvm|t Ctw=kt sDU}U |Q=O}=B p@=kt QO
u}ty x@ 'OQ=O OwHw =]N p=tDL= 'OwQ|t Q=mx@ |}xR=U sDU}U l} |=Q@ |R=UpOt
QO CUmW p=tDL= |UQQ@ |=Q@ "OW Oy=wN |Dw=iDt |=yMU=B RwQ@ Ea=@ p}rO
u=wD|t =[=kD w C}iQ_ QO C}a]ksOa uDiQoQ_vQO =@ nQR@ |}xR=U |=ysDU}U

"OQm xO=iDU= CUmW |vLvt R=

xOW?=NDv= |=yxRQru}tR "1"4
CW=ov?=DW 17 |=Q@ |OOa R}r=v; T=U=Q@ sDU}UCUmW |vLvt 'xar=]t u}= QO
QO =yp}rLD u}= |=Q@ xO=iDU= OQwt |=yOQwmQ xm 'CU= xDiQo Q=Qk |UQQ@ OQwt
OvDUy 1999 |r= 1971 u}@ |=yp=U |=Q@ =yxRQru}tR u}= "Ov=xOW x�=Q= 3 pwOH
|xRQru}tR Ovv=t 'CU= xO=Di= j=iD= |}=} QO |=yxR=U |m}ORv QO =yv; R= |[a@ xm
"CU= xOQw; OwHwx@ =Q |O=} R C=Q=UN w xO=Di= j=iD= u=w}=D QOv@ QO xm Chi Chi

|xty QO |}xRQr |=yQDt=Q=B |t=tD =D CU= xOW |aU =yxRQru}tR u}= ?=NDv= QO
K]U ?=DW |xv}W}@ Q}O=kt "OW=@ xDW=O OwHw CN=wvm} u=R}t x@ w =yxOwOLt
cm/s =D �PGV� u}tR K]U QO CaQU |xv}W}@ w 1 4 g =D �PGA� u}tR
|=yQDt=Q=B ut[ QO "Ov=xOW ?=NDv= 4 cm/s2 =D (Sa) MU=B ?=DW Q}O=kt w 130
xRQru}tR |=oQR@ '�Ia� COW '�TP � ?r=e ?w=vD |xQwO Ovv=t |Qo}O |}xRQr
?=NDv= "Ov=xOW ^=Lr =yxRQru}tR u}= ?=NDv= QO �R� xrRrR `@vt R= xrY=i w �M�
|t=tD QO |i=m C}at=H =yCW=ov?=DW xm ẁ[wt u}= |UQQ@ =@ =yCW=ov?=DW
|=[=kD EL@ QO xm |D}a]ksOa =D Ovm|t ltm OvW=@ xDW=O =Q |}xRQr |=yQDt=Q=B
'CUmW R}r=v;EL@ QO xH}Dv QO w OwW xDU=m |i=m |xR=Ov= x@ OwW|t O=H}= |}xRQr
x=o}=B R= |OwQw |=yCW=ov?=DW u}= |t=tD "CW=O s}y=wN |QDj}kO Cq=tDL=

[13]"Ov=xOW CW=OQ@ �l}i}U}=B xrRrR |UOvyt C=k}kLD RmQt� PEER

OQmrta K]U "2"4
u}W}B |=yxRQru}tR C=}@ QHD R= xm CU= |}xw}W OQmrta K]U T=U=Q@ |L=Q]
T=U=Q@ =yxR=U |}xRQr |L=Q] '|L=Q] pw=ODt |=yxt=vu}}; QO "OwW|t pY=L

|xrmU= Q} R |QDt 15 `=iDQ= QO xOWO=H}= |}xQiL ?; Q=Wi |xJN} Q=D
Finn |m}t=v}O |Q=DiQ pOt wO Qy T=U=Q@ 'xOQ=w |xrRrR OQwmQ QF= QO |vwU}m
QF-wt VvD xmv}= x@ xHwD =@ "CU= xOt; CUOx@ 7 pmW j@=]t UBCSAND w
=@ |OOa pOt G}=Dv Q@=v@ w CU= p=mU=B wr}m 383 Q@=Q@ jta u}= QO x}rw= s�=k
|x_Lr QO |}xQiL ?; Q=Wi |xJN} Q=D uDiQoQ_vQO =@ w Finn |Q=DiQ pOt
"CU= xOQm x@ QHD =Q |}=Qou=wQ 'jta u; QO l =N xm OyO|t u=Wv t = 1 6 s

Q=w}O |OOa p}rLD QO xOt;CUOx@ |}xQiL ?; Q=Wi |xJN} Q=D T=U=Q@ u}vJty
QO Q=w}O Q} R l =N xm OyO|t u=Wv UBCSAND |Q=DiQ pOt R= xO=iDU= =@ x@ wm
u=Wv =Q OwN |}=Qou=wQ O=OaDU= 't = 1 33 s |x_Lr QO |QDt 15 jta u=ty

"CU= xO=O
T=U=Q@ x@ wm |vwU}m Q=w}O QO |OOa p}rLD |=y|UQQ@ QO xOt;CUOx@ G}=Dv
pOt x@ C@Uv Finn pOt R= xO=iDU= xm OyO|t u=Wv |m}t=v}O |Q=DiQ pOt wO Qy
|QDW}@ |=yQDt=Q=B x@ R=}v UBCSAND pOt "CU= QD?U=vt UBCSAND

R}r=v; u=tR w OQ=O |QDq=@ CkO x@ R=}v =yv; |x@U=Lt w OQ=O Finn pOt x@ C@Uv
R= xDiQoQ@ |=yMU=B 'xOt;CUOx@ G}=Dv x@ xHwD =@ xm |r=L QO &CU= QDW}@ u;
pOt w 'CU= l}ORv x@ wm |xRQru}tR QO R}v xO=Di=j=iD= C}ak=w x@ Finn pOt
QO x@ wm |xRQru}tR u=tR COt x}v=F 38 R= TB x@ wm |vwU}m Q=w}O |xDi=}pmWQ}}eD
u} QD|rY= xrtH R= 'u}W}B |=yVQ=Ro j@=]t "CU= xOW xO=O u=Wv ?3 pmW
'CU= Q=w}O h=Q]= QO |}=Qou=wQ |xO}OB ẁkw '|vwU}m |xrmU= |@=QN |=yCra
xDiQoCQwY |=y|UQQ@ w |OOa |=yp}rLD u}= QO xOt;CUOx@ G}=Dv xm |Qw]x@

Q} R QO |QDt 15 |xrY=i QO |i=[= |}xQiL ?; Q=Wi |v=tR |xJN} Q=D "7 pmW
"|rL=U Q=w}O

7



"""x@
|vw

U}m
|rL

=U|
=yQ=

w}O
|}x

RQr
|Q}

PB?
}U;"xO=iDU= OQwt |=yCW=ov?=DW "3 pwOH

Sa PGV PGA x=oDU}= xRQr u}tR
(cm/s2) (cm/s) (cm/s2)

0 39 5 1 0 131 5044 Anza Pinyon Flat Anza1980 1
0 95 7 1 0 229 89530 Shelter Cove Airport CapeMendocino 1992 2
0 21 67 0 821 CHY028 Chi-Chi,Taiwan 1999 3
0 8 34 2 0 311 WNT Chi-Chi,Taiwan 1999 4
1 05 24 9 0 339 47380 Gilroy Array #2 Coyote Lake 1979 5
1 8 60 0 348 1058 Lamont Duzce, Turkey 1999 6
0 4 14 2 0 111 1058 Lamont Duzce, Turkey 1999 7
0 95 83 9 0 515 95 Erzincan Erzincan, Turkey 1992 8
2 4 45 9 0 775 5054 Bonds Corner Imperial Valley 1979 9
2 3 120 7 0 616 Takatori 0 Kobe 1995 10
2 80 816 1 298 57217 Coyote Lake Morgan Hill 1984 11
1 4 29 5 0 331 12149 Desert Hot Springs N. Palm Springs 1986 12
1 7 84 8 0 753 0637 Sepulveda Northridge 1994 13
1 8 117 4 0 612 74 Sylmar - Converter Northridge 1994 14
0 7 25 9 0 268 24278 Castaic San Fernando 1971 15
2 6 54 3 1 16 279 Pacoima Dam San Fernando 1971 16
3 6 121 27 0 852 9101 Tabas Tabas, Iran 1978 17

[18]"PIANC |=tvy=Q T=U=Q@ |vRw u=@yov |=yQ=w}O |=Q@ CQ=UN \@=w[ "4 pwOH
IV |xHQO III |xHQO II |xHQO I |xHQO CQ=UN K]U
�10 R= QDW}@ �5��10 �1 5��5 �1 5 R= QDtm (d/H) xOWp=tQv |ki= |}=Hx@=H
80 R= QDW}@ 50 � 80 30 � 50 30 R= QDtm ?; CtU x@ u=QwO

R= xO=iDU= =@ Q=Ri=sQv QO xOWxDN=U pOt TBU 'Ov=xOW T=}kt 0 9 g =D 0 1 g

|=Q@ xOt;CUOx@ |=yMU=B w xOW p}rLD xOt;CUOx@ |=yCW=ov?=DW u}= s=tD
150 R= V}@ =yMU=B u}= x@ uO}UQ |=Q@ "Ov=xDiQo Q=Qk xO=iDU= OQwt CUmW R}r=v;
umtt |=yC}a]ksOa |xOvQ}oQ@ QO Ov=wD|t u; G}=Dv xm 'CU= xOW s=Hv= R}r=v;
'OvOw@ xOW ^=Lr xm |}xRQr |=yQDt=Q=B |=v@t Q@ xOt;CUOx@ |=yMU=B |t=tD "OW=@
xOW ?=NDv= xOw@ QDl}ORv =yxO=O u}= x@ xm |vw}UQoQ w xOW s}UQD 8 pmW j@=]t
x@ =t= 'O@=}|t V}=Ri= |}=Hx@=H PGA V}=Ri= =@ xm OyO|t u=Wv 8 pmW "CU=
[19]"OQ=Ov x=Qty x@ |QDW}@ |}=Hx@=H ,=twRr 'QDW}@ ?=DW |xv}W}@ xm OUQ|t Q_v
l} R= =yv; |OwaY OvwQ QO xm OvyO|t u=Wv Ia w PGV x@ \w@ Qt |=ypmW
x@ =Q |QDOvm ?}W =yQ=Owtv OvwQ |xOt;CUOx@ |}=Hx@=H u=R}t 'q=@ x@ |Q=Okt

"OvQ}o|t OwN

CUmW R}r=v; "4"4
`@=D R= O}=@ |}xRQr Q]N l} pw] QO sDU}U CUmW p=tDL= uOQw;CUOx@ |=Q@
OyO|t u=Wv |Dq=tDL= `@=D u}= "OQm xO=iDU= P[EDP > LSjIM] CUmW
\@=wQ T=U=Q@ =Q (p) p=tDL= O}=@ `k=w QO sDU}U CUmW R}r=v; |UQQ@ |=Q@ xm
MU=B '�IM� X=N COW QDt=Q=B l} <=R= x@ xm |v=tR |=Q@ Q_vOQwt |Dq=tDL=
|OL Cr=L QO sDU}U MU=B R= (EDP) |}xRQr |=[=kD |=yQDt=Q=B QO sDU}U
xO=iDU= =@ u=wD|t =Q �EDP� |}xRQr |=[=kD Q=Okt "OQm x@U=Lt 'Ovm Rw=HD �LS�

|t=ovy =D 'CU= xR=U Q@ OQ=w |}xRQr |=ywQ}v p@=kt sDU}U C}iQ_ QO Ctw=kt
"Ovm Rw=HD sDU}U C}iQ_ R= wQ}v u}= xm

|=Q@ 'CU= xOQm |iQat �PIANC� |rrtr=u}@ |Q@ w=v utHv= xm |}=tvy=Q QO
|vRw |rL=U Q=w}O l} |=Q@ CQ=UN Kw]U 'OQmrta K]U T=U=Q@ |L=Q] EL@
u=QwO u=R}t R}v w |vwU}m Q=w}O |q=@ QO Ov=tUB |ki= |}=Hx@=H |=v@t Q@ |vwU}m
[18]"CU= xOW x�=Q= pt=m Qw]x@ 4 pwOH QO xm 'OQ}o|t Q_v QO =Q ?; CtU x@ Q=w}O
3'|Q}PBT} wQU ?}DQDx@ xm IV w III 'II 'I CQ=UN K]U Q=yJ pwOH u}= QO
|xR=U l} |=Q@ w OvQ=O s=v pt=m |vwoS=w w 5'|vwoS=w x@ l}ORv 4'|Q}PB Q}taD
xR=U CQ=UN u=R}t 'Q}PBT} wQU CQ=UN Cr=L QO "CU= xOW |iQat |}=} QO
K]U QO "OyO xt=O= OwN OQmrta x@ Ov=wD|t xR=U w CU= sm |r}N w CU}v O=} R
|vwoS=w x@ l}ORv K]U QO "CU= Q}taD p@=k w pQDvm p@=k xR=U CQ=UN 'Q}PB Q}taD
u}@ R= ,qt=m xR=U Ctw=kt '|vwoS=w K]U QO "CU= xOQDUo Q=}U@ xR=U CQ=UN
|=v@t Q@ CUmW |vLvt |x�=Q= |=Q@ CQ=UN Kw]U Q=DWwv u}= QO "CiQ Oy=wN

[18]"CU= xOW xDiQo Q_v QO PIANC |=tvy=Q

|}xRQr MU=B "3"4
K]U QO CaQU '?=DW |xv}W}@ Ovv=t xRQru}tR R= syt QDt=Q=B 3 'Q=DWwv u}= QO
"Ov=xOW ?=NDv= sDU}U R}r=v; |=Q@ COW |=yQDt=Q=B u=wvax@ �Arias� COW w 'u}tR
|xDUO 9 x@ u}tR K]U QO ?=DW |xv}W}@ |=v@t Q@ =OD@= |@=NDv= |=yOQwmQ |t=tD
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}tu

UL
tO}

Uw
u=}Q

iaH
QU=} ?}DQD x@ xm 'OwW x@U=Lt O}=@ CQ=UN Kw]U R= l} Qy QO sDU}U |=yMU=B

0 18 w 0 12 w 1 Q@=Q@ |vwoS=w x@ l}ORv '|Q}PB Q}taD '|Q}PBT} wQU Cr=L |=Q@
%CU= xOt; CUOx@

�LS =
p

ln(1 + COV2) (4)

|=yCr=L w |}xRQr |=[=kD u; QO xm sDU}U CUmW `@=D '5 |xrO=at x@ xHwD =@
Lognormal `} RwD T=U=Q@ hrDNt |=yCQ=UN QO |UQQ@ OQwt |xR=U |OL

%OwW|t x@U=Lt 'CU=

P[EDP � LS jIM] = 1� �

 
Ln(LSm)� Ln(EDP)p

�2
EDP + �2

LS

!
(5)

Cr=L R}v LSm w CU= OQ=Ov=DU= p=tQv |atHD `} RwD `@=D u=ty �(0) 'u; QO xm
"CU= xR=U u}= QO CQ=UN |OL

p}rLD G}=Dv "5
uB=S |x@ wm QOv@ QO Rokko Island QO |vwU}m |rL=U Q=w}O |}xRQr OQmrta
xDUO l} R= |OOa |=yp}rLD |=Q@ Ov}=Qi u}= QO xm 'CU= xDiQo Q=Qk |@=} RQ= OQwt
VWwB =Q syt |}xRQr |=yQDt=Q=B R= |Q=}U@ xm |OwQw ?=DW |v=tR |xJN} Q=D
xOW T=}kt xDUO 9 x@ xOW?=NDv= |=yxRQru}tR "CU= xOW xO=iDU= 'OvyO|t
syt QDt=Q=B 3 |=Q@ CUmW |vLvt 'Q=DWwv u}= QO "Ov=xDiQ Q=mx@ =yp}rLD QO w
xOW x�=Q= Ia w PGV 'PGA uwJ 'OQ=O OQ@ Q=m l}vmDw�S EL@ QO xm |}xRQr
xOt;CUOx@ |=yMU=B uw}UQoQ |xrO=at 'CUmW |vLvt |xrO=at T=U=Q@ "CU=
xOW x@U=Lt 3 |xrO=at =@ j@=]t Q_vOQwt COW QDt=Q=B <=R= x@ |OOa R}r=v; QO
QO MU=B |oOvm =QB u=R}t u}vJty w 'b w a uw}UQoQ ?}=Q[ 5 pwOH QO xm 'CU=

"CU= xOW x�=Q= =yMU=B u}ov=}t Q=Okt |xOwOLt
|vw}UQoQ w COW |=yQDt=Q=B p@=kt QO sDU}U MU=B R= xOt;CUOx@ |=yxO=O
x_Lqt xm Qw]u=ty "CU= xOW sUQ xOW x�=Q= 5 pwOH QO u; |=yQDt=Q=B xm
xi=[= sDU}U MU=B x@ Q_vOQwt COW '=yQDt=Q=B R= l} Qy V}=Ri= =@ 'OwW|t
|=Q@ xRQru}tR ?=DW |xv}W}@ \ki xm OyO|t u=Wv xr�Ut u}= w CU= xOW
CU=vat u}O@ u}= w "Ow@ Oy=wNv |i=m sDU}U MU=B w |Dq=tDL= |=y|UQQ@
x@ xRQru}tR ?=DW |xv}W}@ |=Q@ sDU}U CUmW |vLvt sUQ =@ \ki xm
p=tDL= CU= QDy@ xmr@ "O}UQ s}y=wNv Q_vOQwt |xR=U CUmW |ak=w p=tDL=
Q_vOQwt CQ=UN K]U QO |}xRQr |=yQDt=Q=B R= l} Qy |=Q@ =Q xR=U CQ=UN
QO "OQm ?=NDv= sDU}U |=Q@ =Q umtt p=tDL= u} QDW}@ C}=yv QO w |UQQ@
COW QDt=Q=B 3 T=U=Q@ x@ wm |vwU}m |rL=U Q=w}O CUmW |vLvt '9 pmW
QO CaQU |xv}W}@ '�PGA� u}tR K]U ?=DW |xv}W}@ uwJ xRQru}tR
xOW sUQ CQ=UN hrDNt Kw]U |=Q@ �Ia� COW w �PGV� u}tR K]U
C=YNWt x@ xHwD =@ x@ wm |vwU}m |rL=U Q=w}O CUmW p=tDL= "CU=

"xrRrR QDt=Q=B QO |oOvm =QB w uw}UQoQ ?}=Q[ "5 pwOH
�EDP b a IM

0 448 0 37 2 59 PGA

0 448 0 357 0 526 PGV

0 448 0 207 1 795 Ia

"|}=Hx@=H ?UL Q@ xOt;CUOx@ uw}UQoQ "8 pmW
l} Qy xm 'OQm x@U=Lt |OOa |R=UpOt QO |]NQ}e |v=tR |xJN} Q=D R}r=v; R=
�IM� X=N COW QDt=Q=B u=ty =} X=N CW=ov?=DW l} R= =yMU=B u}= R=
|Q}eDt <=R= x@ sDU}U MU=B |xrO=at O}=@ 3 |x]@=Q R= xO=iDU= =@ "O};|t CUOx@
%OwW xO=iDU= |Dq=tDL= |xrO=at QO u; R= =D 'OQw; CUOx@ =Q COW QDt=Q=B uwJ

EDP = a(IM)b (3)

R}r=v; QO xm CU= |}=yIM w EDP T=U=Q@ uw}UQoQ ?}=Q[ b w a 'u; QO xm
Qy |=Q@ uw}UQoQ u}= R}v 8 pmW QO w Ov=xDiQo Q=Qk |@=} RQ= OQwt u=tR |xJN} Q=D
QO |oOvm =QB O}=@ p=tDL= |x@U=Lt OvwQ QO "CU= xOW x@U=Lt COW QDt=Q=B 3
h=QLv= =@ Q@=Q@ xm O}; CUOx@ 'CU= �EDP xm Ln(EDP) u}ov=}t Q=Okt h=Q]=
Kw]U u=ty xm CUmW |iQat QO |OL |=yCr=L "CU= Ln(EDP) Q=}at
'Ov=xOW ?=NDv= PIANC |=tvy=Q |x}YwD T=U=Q@ w OvDUy sDU}U CQ=UN
u=Wv =Q |UOvyt |}xRQr |=[=kD hrDNt Cq=L Q@=Q@ QO Q_vOQwt |xR=U C}iQ_
|DQ=UN |=yRQt w CQ=UN hrDNt Cq=L |UQQ@ x@ R}v |i}m ^=Lr R= w OyO|t
|=Q@ COV Q=Okt '4 |xrO=at T=U=Q@ "Ovm|t xQ=W= Q_vOQwt |xR=U QO umtt
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|vwoS=w x@ l}ORv Cr=L |=Q@ CQ=UN RQt xm QDt 1 85 R= xm OQ=O p=tDL= �51
x@ wm |xRQru}tR QO x@ wm Q=w}O CUmW p=tDL= |UQQ@ QO u=wD|t "Ovm Rw=HD 'CU=
CQ=UN p=tDL= xm OQm u=}@ =Q xr�Ut u}= |}xRQr QDt=Q=B 3 Qy T=U=Q@ �1995�
xOt;OwHwx@ CQ=UN x@ xHwD =@ Ow@ Oy=wN Cw=iDt |}xRQr QDt=Q=B Qy |=R= x@ Q=w}O
p=tDL= xm OyO|t u=Wv |rL=U Q=w}O G=D QO |QDt 4 |}=Hx@=H w x@ wm Q=w}O QO
|@U=vt Ck@=]t C}ak=w =@ CUmW |vLvt QO sDU}U CUmW |=Q@ xOt;CUOx@

"OQ=O

|Q}oxH}Dv "6
w xOW s=Hv= uB=S |x@ wm QOv@ QO |vwU}m |rL=U Q=w}O |wQ Q@ xar=]t 'Q=DWwv u}= QO
QO Hyogoken Nanbo |xRQru}tR R=TB Q=w}O u}= Q@ OQ=w |=yCQ=UN|UQQ@ x@
CQwYx@ |rL=U Q=w}O x@ xOQ=w |=yCQ=UN "CU= xOW xDN=OQB uB=S 1995 p=U
|OOa R}r=v; R= xO=iDU= =@ "CU= Q=w}O |xvW=B pwL u=QwO w s�=k w |ki= |}=Hx@=H
sDU}U |=yMU=B w xOW |R=UpOt Q_vOQwt |xR=U 'OwOLt p[=iD Q=Ri=sQv QO
xO=O Ck@=]t xR=U |ak=w MU=B =@ xm 'CU= xOt; CUOx@ |ak=w |xRQru}tR QF= QO
x@ xHwD =@ |vwU}m |xrmU= QO xOt;OwHwx@ |=y|@=QN |rY= Cra "CU= xOW
Q=Wi uDiQq=@ w Q=w}O Q} R QO sm sm =QD =@ h}a[ |=yx}q OwHw 'xOWs=Hv= |=yR}r=v;
Q=w}O |}=Hx@=H Ea=@ xm 'CU= |}=Qou=wQ ẁkw w xRQru}tR u}L QO |}xQiL ?;
"CU= xOW s�=k |}=Hx@=H QO QDt 2 w |ki= |}=Hx@=H QO QDt 4 u=R}t x@ |vwU}m
|vwU}m Q=w}O G=D QO |OOa R}r=v; R= xO=iDU= =@ xOWO=H}= CQ=UN 'xar=]t u}= QO
Q@=Q@ ?}DQD x@ s�=k w |ki= |}=Hx@=H QO Finn |Q=DiQ pOt R= xO=iDU= T=U=Q@
pOt T=U=Q@ MU=B u}= u=R}t u}vJty w CU= xOt; CUOx@ QDt 1 63 w 4 02
2 10 w 5 20 Q@=Q@ ?}DQD x@ s�=k w |ki= |}=Hx@=H QO UBCSAND |Q=DiQ
x@ C@Uv Finn |Q=DiQ pOt xm OyO|t u=Wv =y|UQQ@ "CU= xOW x@U=Lt QDt
R= xO=iDU= =@ xOt;CUOx@ MU=B sy xm =QJ 'CU= QD?U=vt UBCSAND pOt
=@ p}rLD s=Hv= |=Q@ |iQ] R= w CU= QDl}ORv |vwU}m Q=w}O |ak=w MU=B x@ pOt u}=
u=wD|t `k=w QO "Ow@ Oy=wNv R=}v |O=} R |[Qi |=yQDt=Q=B x@ Finn pOt R= xO=iDU=
Q_v R= w OQ=O Ck@=]t C}ak=w =@ Finn pOt R= xO=iDU= =@ sDU}U MU=B xm Cio
|=y|UQQ@ x@ xHwD =@ "CU= QDxO=U |rOt UBCSAND pOt x@ C@Uv CrwyU
C=Q=UN Cra '|OOa |=yp}rLD QO xDiQQ=mx@ |Q=DiQ |=ypOt T=U=Q@ xOWs=Hv=
"CU= xOW |iQat Q=w}O u} Q} R |x}q QO |}=Qou=wQ ẁkw |vRw Q=w}O QO xOWO=H}=
4 QO |}=} QO |=yxR=U QO xOt;OwHwx@ |=yCQ=UN PIANC |=tvy=Q T=U=Q@
|vwoS=w w |vwoS=w x@ l}ORv '|Q}PB Q}taD '|Q}PBT} wQU ?}DQD x@ xm CQ=UN K]U
Q=w}O QO xOWO=H}= CQ=UN 'QwmPt `HQt T=U=Q@ "OvQ}o|t Q=Qk 'OvQ=O s=v pt=m
|vRw Q=w}O |L=Q] QO "CU= pt=m |vwoS=w |DQ=UN |xOwOLt QO x@ wm |rL=U
�1995� |xRQru}tR x@ xHwD =@ xm 'CU= xOW xO=iDU= |m}D=DU=x@W VwQ R= x@ wm
OwHw =@ VwQ u}= xm OyO|t u=Wv xOWO=H}= C=Q=UN w Hyogoken Nanbo

=@ xRwQt= "OyO|tv |}xRQr KQ] QO =Q |@U=vt |xH}Dv 'Qo}O |OQ@ Q=m |=yVwQ
QO =Q Q_vOQwt |xR=U =D OwW|t VqD OQmrta K]U T=U=Q@ |L=Q] R= xO=iDU=

"OQm |L=Q] Q=_Dv= OQwt OQmrta
xDN=OQB x@ wm |vRw Q=w}O x@ xOQ=w |=y?}U; |Dq=tDL= |UQQ@ x@ Q=DWwv u}= QO
|=Q@ CUmW |vLvt [5]'xv}tR u}= QO xDiQoCQwY C=ar=]t QFm = j@] "CU= xOW
xOt;CUOx@ G}=Dv x@ xHwD =@ "CU= xOW u=}@ PGA QDt=Q=B l} T=U=Q@ =yxR=U u}=

"|}xRQr |=yQDt=Q=B ?UL Q@ CUmW |vLvt "9 pmW

(cm/s) 'PGA = 0 53 g Q@=Q@ xm Island Rokko QO x@ wm |xRQru}tR
|=yCUmW |vLvt R= xO=iDU= =@ 'CU= Ia = 2 37 (cm/s) w 'PGV = 60
CQ=UN Rw=HD p=tDL= 'hr=9 pmW T=U=Q@ "CU= |UQQ@ p@=k xOWsUQ
x@ l}ORv w |Q}PB Q}taD '|Q}PBT} wQU uwJ CQ=UN |=yCr=L R= l} Qy R=
QO "CU= �46 w �75 '�96 =@ Q@=Q@ ?}DQD x@ PGA = 0 53 g |=Q@ |vwoS=w
PGV = 60 (cm/s) |=Q@ CQ=UN Kw]U l} Qy R= Rw=HD p=tDL= '?9 pmW
|vLvt QO Ia = 2 37 (cm/s) |=Q@ "CU= �51 w �78 '�97 Q@=Q@ ?}DQD x@
CQ=UN Kw]U R= l} Qy |=Q@ CQ=UN p=tDL= 'G9 pmW QO xOWsUQ CUmW
|vwoS=w x@ l}ORv CQ=UN Cr=L |=Q@ "CU= �40 w �82 '�99 =@ Q@=Q@ ?}DQD x@
|=Q@ PIANC |=tvy=Q j@] Q_vOQwt |}=Hx@=H R= sDU}U MU=B Rw=HD p=tDL=
'CU= �40 w �51 '�46 Q@=Q@ �1995� x@ wm |xRQru}tR QO |}xRQr QDt=Q=B 3 Qy
x@ wm |vwU}m |rL=U Q=w}O QO xm |vat u}= x@ &CU= �74 p=tDL= u}= u} QDW}@ xm
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CUmW p=tDL= O}=@ |rL=U Q=w}O CQ=UN p=tDL= |UQQ@ |=Q@ xmr@ 'OW=@
u=wD|t "OQ}o Q=Qk |UQQ@ OQwt Q_vOQwt K]U QOhrDNt |=yQDt=Q=B |=Q@ sDU}U
CUmW |vLvt w OvQ=O |irDNt CQ=UN p=tDL= hrDNt |=yQDt=Q=B xm Cio
sDU}U CUmW p=tDL= hQat Ov=wD|tv |}=yvD x@ X=N QDt=Q=B l} T=U=Q@
QDt=Q=B 3 T=U=Q@ x@ wm |rL=U Q=w}O CUmW |vLvt T=U= u}= Q@ "OW=@ |}xR=U
QO sDU}U CUmW p=tDL= xm 'CU= xOW s}UQD Ia w PGV 'PGA COW
xm 'CU= xOw@ Cw=iDt |DQ=UN Kw]U R= l} Qy QO x@ wm |xRQru}tR |=yQDt=Q=B
xOWO=H}= CQ=UN p=tDL= QO Ov=wD|t COW |=yQDt=Q=B R= l} Qy OyO|t u=Wv

"OW=@ Q=PoQ}F-=D Q_vOQwt |xR=U QO
|xRQru}tR QO CQ=UN p=tDL= xOt;CUOx@ |=yCUmW |vLvt T=U=Q@ ��
u} QDW}@ xm 'CU= xOW x@U=Lt |vwU}m |rL=U Q=w}O |=Q@ x@ wm QOv@ QO xO=OMQ
|=yQDt=Q=B T=U=Q@ |vwoS=w x@l}ORv CQ=UN K]U R= Rw=HD |=Q@ umtt p=tDL=
|xRQr u}tR QO x@ wm Q=w}O OyO|t u=Wv xm 'CU= �51 =@ Q@=Q@ |DQ=UN hrDNt
xm 'OwW l}ORv |vwoS=w x@ CU= xDW=O p=tDL= �51 'Hyogoken Nanbo

"CU= Q=oR=U |vwU}m Q=w}O |=Q@ xO=Di=j=iD= C}ak=w =@ xH}Dv u}=
|vLvt 'X=N|xRQru}tRl} QOCU=umtt|Dq=tDL=|Q}PB?}U;|UQQ@ QO ��
CUmWp=tDL=|Ot=U@ |=wDLthQat|=yQDt=Q=B |=v@t Q@ xOt;CUOx@CUmW

"Ovvm |v}@V}B |}xRQr |=yQDt=Q=B Qo}O x@ C@Uv =Q |Dw=iDt

sDU}U MU=B x@ Q_vOQwt COW |=yQDt=Q=B R= l} Qy V}=Ri= =@ xar=]t u}= QO
?=DW |xv}W}@ \ki xm OyO|t u=Wv xr�Ut u}= p}rO u}ty x@ w OwW|t xi=[=
CU= K[=w "Ow@ Oy=wNv |i=m sDU}U MU=B w |Dq=tDL= |=y|UQQ@ |=Q@ xRQru}tR
hQat PGA \ki xm OQ=O hrDNt |=yCOW =@ |}=yQDt=Q=B 'xRQru}tR l} xm
\@DQt Qo}Om} x@ xRQru}tR l} |=yQDt=Q=B |t=tD xmr@ 'CU}v xRQru}tR l} CQOk
xar=]t u}= QO "OvyO|t u=Wv =Q xRQru}tR l} uOw@?QNt u=R}t sy Q=vm QO w CU=
CUmW |vLvt |wQ Q@ PGA Q@ xwqa Qo}O |=yQDt=Q=B QF= =D CU= xOW |aU
Qw_vt u}O@ "OwW |@=} RQ= =yQDt=Q=B Q}=U C}ty= |xHQO w OQ}o Q=Qk |UQQ@ OQwt
R= l} Qy QO xR=U CUmW p=tDL= |xOvyOu=Wv xm sDU}U CUmW |=y|vLvt
'PGA QDt=Q=B 3 |=Q@ Q@Dat CW=ov?=DW 17 T=U=Q@ 'OvDUy CQ=UN Kw]U
u}= x@ xar=]t u}= R= pY=L |Dq=tDL= G}=Dv xm 'CU= xOW s}UQD Ia w PGV

%CU= KQW
|}xRQr |=[=kD QO C}a]ksOa OwHw Cra x@ CUmW |vLvt sUQ |=Q@ ��
=D OQm xO=iDU= |OwQw |=yCW=ov?=DW QO pt=m |Q=t; |xO=O l} R= O}=@
|ak=w p=tDL= x@ xOt;CUOx@ p=tDL= w OwW xDU=m xOt;OwHwx@ u}k}sOa R=
xOWs=Hv= |=yp}rLD O=OaD xJ Qy `k=w QO "OwW QDl}ORv sDU}U CUmW
|@=QN p=tDL= CUmW |vLvt 'OW=@ QDW}@ |OwQw |=yCW=ov?=DW T=U=Q@

"OyO|t u=Wv =Q |QDj}kO

=yCWwv=B
1. fragility curve
2. performance-based design
3. serviceable
4. repairable
5. near collapse
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