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�u3 = W
m3Reff3
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�

W
m3Reff3
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�NTFPB
Fr3
m3
� �ug (t) (19)

�u4 = 2�s!s ( _u3 � _u4) + !2
s (u3 � u4) (20)

_Z1 = z1 _ui (21)

_Z2 = z2( _u2 � _u1) (22)

_Z3 = z3( _u3 � _u2) (23)

"Ot; Ovy=wN CUO x@ B Q=OQ@ w AT} QD=t u}= Q@=v@

|OOa |R=UpOt CLY j}OYD "3"2
QO Cr=L |xrO=at pL |=Q@ |}xt=vQ@ 'xOt;CUOx@ \@=wQ CLY |UQQ@ |=Q@
QO |YNWt pOt R}r=v; G}=Dv =@ xOt;CUOx@ G}=Dv w xOW xDWwv MATLAB

w Q}D O=a@= p}@k R= pOt C=YNWt [6]"CU= xOW xU}=kt wv}Dv=DUvm w Rvi Q=DWwv

"pOt |UQQ@ CyH xOW|R=U=OH u=tDN=U C=YNWt "2 pwOH
C=YNWt `]kt K]U |UQv}= u=tt VJ}B C@=F |WQ@ `]kt K]U sQH uRw
`]kt (mm2) (mm4) (mm4) (mm2) (kg) (KN)

(C) uwDU 5 0�106 6 851�107 1 0�108 5 0�106 0 0 0 0
(R) ?rY |=[a= 5 0�106 1 0�1011 1 0�108 5 0�106 0 0 0 0

"|R=UpOt O}}-=D |=Q@ xOWxO=iDU= |xv=oxU |rwOv=B |m =m]Y= Qo =OH C=YNWt "3 pwOH

xv=oxU |rwOv=B |m =m]Y= Qo =OH C=YNWt
a1 = 0 1 sec=mm d1 = 64 mm �1 = 0 02� 0 04 Reff1 = 435 mm 1 K]U
a2 = 0 1 sec=mm d2 = 19 mm �2 = 0 01� 0 02 Reff2 = 53 mm 2 K]U
a3 = 0 1 sec=mm d3 = 19 mm �3 = 0 01� 0 02 Reff3 = 53 mm 3 K]U
a4 = 0 1 sec=mm d4 = 64 mm �4 = 0 06� 0 13 Reff4 = 435 mm 4 K]U

|QU |=yu=tr= C=YNWt
�a1 =  005 sec=mm �d1 = 53 6 mm ��1 = 0 01� 0 02 �Reff1 = 106 mm 1 |QU u=tr=
�a2 = 0 05 sec=mm �d2 = 56 2 mm ��2 = 0 02� 0 04 �Reff2 = 382 mm 2 |QU u=tr=
�a3 = 0 05 sec=mm �d3 = 56 2 mm ��3 = 0 06� 0 13 �Reff3 = 382 mm 3 |QU u=tr=
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R= "OwW xv}tm |L=Q] pQDvm Q=}at |xrRvtx@ xR=U MU=B R= |}=yQDt=Q=B O}=@ '|Qo}O
u=}t R= w |UQQ@ hrDNt |=yQ}eDt x@ C@Uv =yu; C}U=UL CU= sRq wQ u}=
QDt=Q=B 7 QF= Qw_vt u}O@ "OvwW xDiQo Q=mx@ xv}y@ hOy `@=D QO u=Wu} QDQF-wt =yu;
|}=Hx@=H 'hm |}=Hx@=H |xv}W}@ QO xv=oxU Qo =OH |=ysDU}U |L=Q] Q}eDt =}
xrRrR hrDNt K]U 3 CLD xOW|R=U=OH |xR=U l} hkU ?=DW w xk@] |@Uv
3 u}= |R=Uxv}tm '|}xRQr |=yQo =OH |R=Uxv}y@ |xv}tR QO =D CU= xOW |UQQ@
u}= QO Q_vOQwt |v=kwi |xR=U pOt "OvQ}o Q=Qk |L=Q] pQDvm Q=}at u=wvax@ 'QDt=Q=B

"CU= xOW xO=iDU= |R=UpOt |HvUCLY |=Q@ xm CU= |rOt u=ty 'p}rLD

=yQo =OH |xv}y@ |L=Q] QO QF-wt |=yQ}eDt "1"4
u}= x@ xHwD =@ xm CUv=O QF-wt |L=Q] pQDvm Q=}at QO u=wD|t =Q |O=} R =yQ}eDt

%OwW|t OwOLt Q}eDt 7 x@ =yu; O=OaD 'C=}[Qi
CQ=@a u}= "CU= xOW xDiQo Q_v QO 10pt=m Q}PBj}@]D CQwYx@ |}xRQr Qo =OH ��
C@Uv xm OwQ|t Q=m x@ |rwOv=B |=yQo =OH R= xDUO u; |=Q@ [5]`HQt j@=]t
CU= xOW ?=NDv= |wLv x@ u; VRer hrDNt Kw]U `=aW w l =m]Y= ?}=Q[
Q@ VRer R= |W=v umtt |}=Hx@=H w wQ}v |=ys} SQ |t=tD V}=tv x@ QO=k xm
Kw]U <=vLv= `=aW 'ZQi u}=Q@=v@ "OW=@ =ysDU}U u}= |=Q@ hrDNt Kw]U |wQ
Kw]U l =m]Y= ?}=Q[ u}vJty "OvW=@ |w=Ut O}=@ 3 =@ 2 Kw]U w 4 =@ 1

"OvW=@ Q@=Q@ sy =@ R}v 3 w 2 VRer
xDiQo Q_v QO Q@=Q@ sy =@ 3 =@ 2 Kw]U w 4 =@ 1 Kw]U |}=Hx@=H |=yC}iQ_ ��

"O@=} Vy=m u; C=@}mQD w =yQDt=Q=B O=OaD =D 'Ov=xOW
xDiQo Q_v QO 0 1 sec/mm |k]vt OOa Kw]U |t=tD |=Q@ 'aCaQU QDt=Q=B ��

"CU= pwkat |OOa xm 'CU= xOW
u=kkLt |xDWPo |=yVywSB QO|L=Q] |=yQDt=Q=B |=Q@ OwHwt Q}O=kt T=U= Q@ ��
'l =m]Y= ?} Q[ |xv}W}@ Q=Okt '|L=Q] |=yQDt=Q=B O=OaD Vy=m |=DU=Q QO w
l =m]Y=?}=Q[ R= Qw_vt 'u}=Q@=v@ [6]"CU= xOW xDiQo Q_v QO xv}tm Q=Okt Q@=Q@ 2

"CU= xv}tm Q}O=kt \ki 'Q=DWwv u}= QO

Cr=L CqO=at pL R= xOt;CUOx@ |xR=UwQ *hkU jr]t ?=DW |xU}=kt "6 pmW
"�u}}=B pmW� �2008� wv}Dv=DUvm w RviVywSB w �q=@ pmW� MATLAB \UwD
K}LY xDiQos=Hv= |R=UpOt xmCiQo xH}Dv u=wD|t 6 w 5 |=ypmW x@ xHwD =@

"CW=O u=v}t]= 'Cr=L CqO=at pL R= xOt;CUOx@ G}=Dv x@ u=wD|t w CU=

xar=]t u}= QO xO=iDU= OQwt |=yOQwmQ "3
QO=yxrRrR u}= Q=OTr=B OQwmQ 7 R= 'l}ORv |xRwL |=yxrRrR Q}F-=D uDiQoQ_vQO |=Q@
|=ypOt |v=tR |xJN} Q=D R}r=v; QO x}v=F 7 =D 1 Tr=B ?w=vD |xQwO |xOwOLt
|=v@t Q@ =yOQwmQ u}= Tr=B ?w=vD |xQwO Q=Okt "CU= xOW xO=iDU= R=U=OH hrDNt
xOt; CUOx@ �2007� l}ORv |xRwL |=yxrRrR |Ov@xDUO |xv}tR QO |D=k}kLD
|=Q@ "CU= xOt; 4 pwOH QO xOW?=NDv= |=yOQwmQ Qo}O C=YNWt w s=v [8]"CU=
R= 9 SLE w 8 DBE '7 MCE hrDNt Kw]U |=Q@ xrRrR |xv}W}@ ?=DW u}}aD
C}=U "CU= xOW xO=iDU= u} wRk QyW |r=wL QO |D}=U |}xRQr Q]N p}rLD G}=Dv
u}vJty "CU= xOw@ 36 73 w 50 56 |}=}i=QeH ZQa w pw] |=Q=O Q_vOQwt
|=yp=U R= |R}NxRQr |=yxO=O |v=tR |xOwOLt w QDtwr}m 150 xar=]t OQwt `=aW
'C}=U u}= Q]N p}rLD G}=Dv x@ xHwD =@ "CU= xOW xDiQo Q_v QO 2004 |r= 1901
w 0 517 '0 291 =@ Q@=Q@ MCE w DBE 'SLE Kw]U |=Q@ KQ] ?=DW Q}O=kt
K]U xU ?=DW x@ Q_v OQwt |=yxrRrR |t=tD OQwmQ "CU= u}tR ?=DW 0 759

"OW T=}kt |L=Q]
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"""|
m=m

]Y
=Qo

=OH
|=y

QDt=Q
=B|

xv}y
@Q}O

=kt
u}}a

D"xOWxO=iDU= Q=OTr=B l}ORv |xRwL |=yxrRrR |=yOQwmQ C=YNWt |xYqN "4 pwOH
xrRrR |=oQR@ ?w=vD |xQwO xrRrR C@F x=oDU}= QO xrRrR |xQ=tW p=U xrRrR s=v |xQ=tW

�Mw� �x}v=F� Tr=B [8]Qm}@ |Ov@xk@] ẁkw xrRrR
6 2 1 Coyote Lake Dam (SW Abut) 24 1984 Morgan Hill 1
6 9 2 Alameda Naval Air Stn Hanger 33 1989 Loma Prieta 2
7 3 Petrolia 38 1992 Cape Mendocino 3

6 5 3 8 El Centro Array #6 13 1979 Imperial Valley 06 4
6 5 4 2 El Centro Array #7 14 1979 Imperial Valley 06 5
7 3 5 1 Lucerne 40 1992 Landers 6
7 6 7 TCU038 64 1999 Chi-Chi Taiwan 7

"C}U=UL p}rLD QO |L=Q] |=yQ}eDt R= l} Qy Q}O=kt "5 pwOH
d2 (m) d1 (m) �3 �2 �1 Reff2 (m) Reff1 (m)

0 05�0 022 0 11�0 054 0 15�0 05 0 02�0 01 0 06�0 018 0 1�0 044 1�0 44 QDt=Q=B Qy C=Q}}eD |xR=@
0 019 0 064 0 06 0 01 0 02 0 053 0 435 p}rLD |=Q@ QDt=Q=B Qy Q=Okt

=yQDt=Q=B |x}k@ C}U=UL

|xrRrR |=Q@ Reff1 x@ C@Uv xk@] |@Uv |}=Hx@=H |xv}W}@ C=Q}}eD "7 pmW
"xrRrR |xv=oxU Kw]U QO1

xk@] |@Uv |}=Hx@=H |xv}W}@ "1 "2"4
|xrRrR |=Q@ Reff1 x@ C@Uv xk@] |@Uv |}=Hx@=H |xv}W}@ C=Q}}eD '7 pmW
xOy=Wt xm Qw]u=ty "OyO|t u=Wv =Q xrRrR |xv=oxU Kw]U QO l} |xQ=tW
=yOQwmQ R= l} Qy R= xOt;CUOx@ |xk@] |@Uv |}=Hx@=H |xv}W}@ Q=Okt 'OwW|t
Kw]U R= l} Qy =@ ?U=vDt '(Reff1) 4 w 1 Kw]U QF-wt |=vLv= `=aW C=Q}}eD =@
QO Reff1 C=Q}}eD u=R}t QF= R= |rm Q} wYD l} |x�=Q= CyH "Ovm|t Q}}eD |}xRQr
x@ xk@] |@Uv |}=Hx@=H |xv}W}@ C=Q}}eD C@Uv 'xk@] |@Uv |}=Hx@=H |xv}W}@
=@ 
 QDt=Q=B '|vLvt Qy |=Q@ xm &CU= xDiQo Q=Qk Q_v Ot u=R}t u}= u}ov=}t Q=Okt

%CU= xOt; CUOx@ 24 |x]@=Q x@ xHwD

 = MaxR �MinR

( MaxR+MinR2 )
(24)

QO xR=U MU=B |xv}tm w xv}W}@ Q}O=kt Qov=}@ MinR w MaxR 'x]@=Q u}= QO
p=Ft |=Q@ "CU=yOQwmQ R= l} Qy |vLvt |=Q@ Q_vOQwt QDt=Q=B C=Q}}eD |xOwOLt
0 6 '1 Q@=Q@ ?}DQD x@ 7 pmW QO MCE K]U |xrRrR |=Q@ 
 w MinR 'MaxR
3 QO l}ORv |xRwL OQwmQ 7 |=y|vLvt u=}t R= xOt;CUOx@ G}=Dv "CU= 0 5 w

QO =Q =yxOvRer |oOvQ=Oxov Q=m xm (kr) Kw]U |vwt=Q}B |=yxO}=R |DNU ��
Ov=xOWxDiQo Q_v QO |oQR@ OOa w u=Um} 'OvQ=O xOya x@ Kw]U |xOwOLt

"(17500 kN/mm)

%R= Ov=CQ=@a xOWxDiQo Q_v QO C=}[Qi x@ xHwD =@ |L=Q] |=yQDt=Q=B
&(Reff1) 4 w 1 K]U QF-wt |=vLv= `=aW ��
&(Reff2)3 w 2 K]U QF-wt |=vLv= `=aW ��

&(�1) 1 K]U l =m]Y= ?} Q[ ��
&(�2) 3 w 2 K]U l =m]Y= ?} Q[ ��

&(�3) 4 K]U l =m]Y= ?} Q[ ��
&(d1) 4 w 1 K]U |}=Hx@=H C}iQ_ ��
"(d2) 3 w 2 K]U |}=Hx@=H C}iQ_ ��

|x}k@ w CU= xOW xO=O Q}}eD =yQDt=Q=B R= |m} 'C}U=UL p}rLD s=Hv= |=Q@
hrDNt OQwmQ 21 |=Q@ QDt=Q=B Qy |=Q@ Q=m u}= "Ov=xOW xDiQo Q_v QO C@=F =yQDt=Q=B
|xOvR=U |=yCmQW pwtat O=a@= j@] QDt=Q=B Qy C=Q}}eD |xOwOLt "CU= xOW Q=QmD
|xOwOLt [5]"CU= xOW xDiQo Q_v QO 'hQ=aDt |=yu=tDN=U |=Q@ =yQo =OH u}=
CQwYx@ O}=@ sDU}U xmv}= w ZQi u=ty =@ R}v l =m]Y= ?}=Q[ Q}O=kt C=Q}}eD
C=Q}}eD |xOwOLt w C@=F Q}O=kt "Ov=xOW xDiQo Q_v QO 'Ovm pta Q}PBj}@]D ,qt=m
|xar=]t C=}[Qi =@ j@=]t R}v C@=F Q}O=kt "Ov=xOW xO=O u=Wv 5 pwOH QO =yQDt=Q=B
QO C=Q}}eD |xOwOLt |xv}tm w xv}W}@ |xR=@ QO [6]wv}Dv=DUvm w Rvi |xOWs=Hv=

"Ov=xOW xDiQo Q_v

=yQDt=Q=B C}U=UL p}rLD "2"4
OQwt xR=U MU=B QO |Q=PoQ}F-=D u=R}t T=U= Q@ p}rLD u}= QO xm |QDt=Q=B u}*rw=
|va} xrRrR hrDNt Kw]U QO QDt=Q=B u}= QF= "CU= Reff1 'CU= xDiQo Q=Qk |UQQ@
OQwt xR=U hrDNt |=yMU=B QO xrRrR OQwmQ 21 |=Q@ w SLE w DBE 'MCE

"CU= xOW xOQw; xt=O= QO p}rLD u}= G}=Dv R= |}xYqN "Ov=xDiQo Q=Qk |UQQ@
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|v=N
|kD
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Dw

|Q=
@QO

u}a
tu

}Or=s
=UL "Reff1 QDt=Q=B |=Q@ 
 u=R}t u} QDsm w u} QDW}@ "7 pwOH

SLE DBE MCE ��� xrRrR hrDNt Kw]U
16 4 1 6 1 
 u=R}t u} QDsm
37 1 31 8 24 5 
 u=R}t u} QDW}@

|xrRrR |=Q@ Reff1 x@ C@Uv =yQo =OH R=QD |}=Hx@=H|xv}W}@ C=Q}}eD "9 pmW
"xrRrR |xv=oxU Kw]U QO 1

Ovv=t =yQDt=Q=B |x}k@ QF= '(Reff1) 4 w 1 Kw]U |=vLv= `=aW Q@ xwqa
'(�1) 1 K]U l =m]Y= ?} Q[ '(Reff2) 3 w 2 Kw]U QF-wt |=vLv= `=aW
C}iQ_ '(�3) 4 K]U l =m]Y= ?} Q[ '(�2) 3 w 2 Kw]U l =m]Y= ?} Q[
MU=B QO (d2) 3 w 2 Kw]U |}=Hx@=H C}iQ_ '(d1) 4 w 1 Kw]U |}=Hx@=H
8 pwOH QO =yQo =OH R=QD |}=Hx@=H |xv}W}@ w xk@] |@Uv |}=Hx@=H |xv}W}@

"CU= xOW xYqN

l}DvS sD} Qwor= VwQ x@ |R=Uxv}y@ G}=Dv "5
|xiUri w CU= xDiQo pmW u; |H} QOD pt=mD w Ca}@] R= s=yr= =@ l}DvS sD} Qwor=
xv}y@ |awv x@ |a}@] |=yOv};Qi CqwYLt ',qw= xm CU= ẁ[wt u}= x@ O=kDa= u;
`k=w QO 'OQ@|t Q=mx@ CqwYLt u}= uDN=U |=Q@ Ca}@] xm |WwQ ',=}v=F w OvDUy
umtt |=yMU=B R= |}xawtHt VwQ u}= QO "CU= |rt=mD |R=Uxv}y@ VwQ l}
pL x@ xm |}=yMU=B 'wHDUH VwQ R= xO=iDU= =@ w OvwW|t xDiQo Q_v QO xr�Ut
|=ysDU}U Q@ sm =L Ov};Qi R= xO=iDU= =@ "OvwW|t u}}aD 'OvW=@ QDl}ORv xr�Ut
'OvwQ u}= Q=QmD =@ w O};|t CUOx@ =yMU=B R= |O}OH C}atH C}=yv QO '|a}@]
j}@]D xm C}atH R= |OQi w O}rwD 'OvDUy |QDxDi=}pt=mD O=Qi= |=Q=O xm |D}atH

[10w9]"OwW|t ?=NDv= |}=yv MU=B u=wvax@ 'OQ=O xr�Ut pL =@ |QDW}@
|=yQDt=Q=B |xv}y@ |L=Q] 'Q=DWwv u}= QO Q_vOQwt |xr�Ut xmv}= x@ xHwD =@
|=yMU=B xm |}=Hv; R= w CU= l}ORv |xRwL |=yxrRrR |=Q@ xv=oxU |}xRQr Qo =OH
R= 'Ow@ Ovy=wN xv=oxU |m =m]Y= |rwOv=B Qo =OH |L=Q] |=yQDt=Q=B R= |a@=D'xR=U
|xv}W}@ Q}O=kt |=Q@ |a@=wD h} QaD =@ =D CU= xOW |aU CtUk u}= QO wQ u}=
|=yQDt=Q=B Q}O=kt 'l}DvS sD} Qwor= pL VwQ |=Q@ |D=}[Qi u}vJty w xR=U MU=B
Q=OTr=B |=yxrRrR |=Q@ |R=Uxv}y@ OvwQ 'x]@=Q u}= QO "OvwW |iQat Qo =OH |xv}y@

xOW xYqN 
 u=R}t u} QDW}@ w u} QDsm ?r=k QO 6 pwOH QO xrRrR hrDNt K]U
"CU=

1 Kw]U QF-wt |=vLv= `=aW C=Q}}eD 'OwW|t xOy=Wt 6 pwOH R= xm Qw]u=ty
u}ov=}t x@ C@Uv =Q xk@]|xv}W}@ |@Uv |}=Hx@=H u=R}t Ov=wD|t (Reff1) 4 w
QDt=Q=B u}= uWwQ |Q=PoQ}F-=D R= u=Wv xm 'OyO Q}}eD OYQO 70 |r= 60 OwOL =D u;

"CU= C=k@] |@Uv |}=Hx@=H |xv}W}@ QO
s=@ |xv}W}@ ?=DW "2"2"4

%O};|t CUOx@ 25 |x]@=Q R= (�u4) s=@ ?=DW
�u4 = 2�s!s ( _u3 � _u4) + !2

s (u3 � u4) (25)

xm |}=Hv; R= "CU= xR=UwQ |}=Q}t ?} Q[ �s w xR=UwQ |a}@] Ot=U@ !s 'u; QO xm
?=DW u}=Q@=v@ 'CU= xOW xDiQo Q_v QO ��0 25� |R}J=v Q=}U@ Q=Okt xR=UwQ |}=Q}t
xm 8 pmW R= pqODU= u}= "Ow@ Oy=wN xk@] |@Uv |}=Hx@=H R= |]N |a@=D 's=@
=yxrRrR |t=tD |=Q@ =Q xk@] |@Uv |xv}W}@ |}=Hx@=H x@ C@Uv s=@ |xv}W}@ ?=DW
|=yQDt=Q=B |t=tD C=Q}}eD w �SLE w DBE 'MCE� Kw]U |xty QO �xrRrR 7�
?w=vD |xQwO xmv}= x@ xHwD =@ "CU= lQO p@=k 'OyO|t u=Wv �QDt=Q=B 7� |L=Q]
?}W u=ty Q=Okt u}= xm '!2

s = 986 96 u}=Q@=v@ 'CU= x}v=F 0 2 =@ Q@=Q@ xR=UwQ
'EL=@t u}= x@ xHwD =@ 'CU= 8 pmW QO xOWxO=O u=Wv \=kv |=Q@ xOWVR=Q@ \N
C=Q}}eD QO u; QF= x@=Wt u=wD|t =Q s=@ ?=DW MU=B QO Qo =OH |=yQDt=Q=B Q}}eD QF=
"OQm Q_vhQY u; |xv=o =OH |xar=]t R= w CiQo Q_v QO xk@] |@Uv |}=Hx@=H

=yQo =OH R=QD |}=Hx@=H |xv}W}@ "3"2"4
6 pwOH QO xrRrRhrDNt Kw]U QO C=Q}}eD u=R}t u} QDW}@ w u} QDsm 'MU=B u}= |=Q@
`=aW Q}F-=D xmv}= OwHw =@ xm OwW|t xOy=Wt 7 pwOH x@ xHwD =@ "OwW|t xOy=Wt
?=DW =} w xk@] |@Uv |}=Hx@=H R= QDtm Qo =OH |}=Hx@=H QO 4 w 1 Kw]U |=vLv=
'xvwtv |=Q@ '9 pmW QO "CU}v Z=te= p@=k xHwI}y x@ Q}F-=D u}= =t= 'CU= xR=U
u=wD|t xrRrR |xv=oxU Kw]U QO w 6 |xrRrR |=Q@ =Q 4 w 1 Kw]U |=vLv= `=aW Q}F-=D

"OQm xOy=Wt
"Reff1 QDt=Q=B |=Q@ 
 u=R}t u} QDsm w u} QDW}@ "6 pwOH
SLE DBE MCE ��� xrRrR hrDNt Kw]U
27 1 9 8 9 
 u=R}t u} QDsm
75 64 9 65 9 
 u=R}t u} QDW}@
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xOW O=yvW}B 11 pwOH 'OR=U|t xv}tm =Q f `@=D Q=Okt xm xv}y@ Q}O=kt |=Q@

"CU=

|Q}oxH}Dv "6
|=yQo =OH|L=Q] C=YNWt |R=Uxv}y@ |=yVwQltm =@ =D OQ=O VqD Q=DWwv u}=
Q=Qk l}ORv |xRwL |=yxrRrR CLD xm |}=yxR=U |=Q@ =Q xv=oxU |rwOv=B |m =m]Y=
3 \UwD xv=oxU |rwOv=B |m =m]Y= Qo =OH Q=DiQ =DU=Q u}= QO "Ovm u}}aD 'OvQ=O

C}ty= x@ xHwD =@ xm OvDUy fi |xiOylD `@=wD |=yuRw '=yai "�Ov=xOt; CUO
xDiQo Q_v QO 1 =@ Q@=Q@ ai Q}O=kt `tH ,qwtat "OvwW|t u}}aD `@=wD u}= R= l} Qy
`@=D u}OvJ |Q@H `tH R= f `@=D xmv}= x@ xHwD =@ "(Pn

i=1 ai = 1) OwW|t
Qo = p=L "Ovt=v|t xiOyl} `@=wD R= |]N |a@=D =Q u; 'CU= xOt; CUOx@ xiOylD
's}yO s=Hv= f `@=D uOQmxv}tm |=Q@ =Q p@k |xrLQt QO xDiQos=Hv= |R=Uxv}y@ OvwQ
|=yMU=B |xv}W}@ u=tRsy uOQmxv}tm |=Q@ =Q xv}y@ |L=Q] |=yQDt=Q=B s}v=wD|t
f2 =} f1 `@=wD |=Q@ |R=Uxv}y@ OvwQ xmv}= x@ xHwD =@ "s} Qw; CUOx@ xR=U Cw=iDt
C}ty= "Ow@ Oy=wN h} QaD p@=k f `@=D 'n = 2 uDiQoQ_vQO =@ 'CU= xOW s=Hv= ,q@k
OvwQ s=Hv= |=Q@ u}=Q@=v@ &Ov=xOW xDiQo Q_v QO sy Q@=Q@ f2 =}f1 `@=wD R= l} Qy |vRw
'xt=O= QO "Ov=xOW ?=NDv= 0 5 |w=Ut w Q@=Q@ sy =@ a2 w a1 Q}O=kt |R=Uxv}y@
Qy u=tRsy |R=Uxv}tm |=Q@ �1 'Reff1 QDt=Q=B wO |xv}y@ Q}O=kt C=Q}}eD |vLvt
QO =yQDt=Q=B Q}=U |xv}y@ Q}O=kt x@ \ki '=yDv= QO w CU= xOW xO=O u=Wv MU=B wO

"CU= xOW xQ=W= 11 pwOH
(Reff1) 4 w 1 K]U QF-wt |=vLv= `=aW "1"4"5

Reff1 |xv}y@ Q}O=kt |=Q@ =Q |Y=N |xOwOLt u=wD|tv xJQo 27 pmW x@ xHwD =@
Kw]U |=Q@ OwW|t xOy=Wt xm Qw]u=ty =t= 'OQw; CUOx@ f `@=D uOQmxv}tm |=Q@
sy x@ Q=}U@ 4 w 1 VRer Kw]U |=vLv= `=aW |xOWxv}y@ Q}O=kt 'xrRrR hrDNt
Qo}O |=yQDt=Q=B |=Q@ \=@vDU= u}= 'xOt;CUOx@ G}=Dv x@ xHwD =@ &OvDUy l}ORv

"Ow@ Oy=wNv \U@ p@=k |L=Q]
�1 1 K]U l =m]Y= ?} Q[ "2"4"5

|}=yxrRrR |=Q@ w DBE w MCE |xrRrR Kw]U |=Q@ xm OyO|t u=Wv28 pmW
|xOwOLt u}@ f `@=D |=Q@ �1 |xv}y@ Q=Okt 'x}v=F 6 =D 1 Tr=B ?w=vD |xQwO =@
"CU= O=} R Q=}U@ C=v=Uwv SLE K]U |=Q@ =t= &OwW|t OwOLt 0 06 =D 0 04

f `@=D |xv}y@ Q}O=kt "3"4"5
"Ov=xOW xO=O V}=tv xrRrR hrDNt Kw]U |=Q@ f `@=D |xv}tm Q}O=kt '29 pmW QO
l}ORv Q=}U@ 1 x@ Q=Okt u}= =yxrRrR R= |O=OaD |=Q@ 'OwW|t xOy=Wt xm Qw]u=ty
CU= ?r]t u}= Qou=}@ 1 x@ `@=D Q=Okt uOWl}ORv 'f `@=D h} QaD x@ xHwD =@ &CU=
l}ORv OwN |xv}tm Q}O=kt x@ u=tRsy Qw] x@ f |xOvyOp}mWD |xiOylD `@=wD xm
|}xvwo x@ Ovv=wD|t |L=Q] |=yQDt=Q=B '=yxrRrR R= |O=} R O=OaD |=Q@ |va} "Ov=xOW
w xk@] |@Uv |}=Hx@=H |xv}W}@ uOQmxv}tm |=Q@ ?U=vt |xOwOLt "11 pwOH

"f hOy `@=D R= xO=iDU= =@ u=tRsy Qw] x@ =yQo =OH R=QD |}=Hx@=H
uOQmxv}tm |=Q@ ?U=vt |xOwOLt

|L=Q] QDt=Q=Bw xk@] |@Uv |}=Hx@=H |xv}W}@
Qw]x@ =yQo =OH R=QD |}=Hx@=H
f hOy `@=D R= xO=iDU= =@ u=tRsy

QDt 0 7 � 1 �QDt� (Reff1) 4 w 1 K]U QF-wt |=vLv= `=aW
QDt 0 05 � 0 07 �QDt� (Reff2) 3 w 2 K]U QF-wt |=vLv= `=aW
0 045 � 0 06 (�1) 1 K]U l =m]Y= ?} Q[
0 013 � 0 019 (�2) 3 w 2 K]U l =m]Y= ?} Q[

0 1 � 0 15 (�3) 4 K]U l =m]Y= ?} Q[
QDt 0 08 � 0 11 �QDt� (d1) 4 w 1 Kw]U |}=Hx@=H C}iQ_
QDt 0 03 � 0 05 �QDt� (d2) 3 w 2 Kw]U |}=Hx@=H C}iQ_

43



"""|
m=m

]Y
=Qo

=OH
|=y

QDt=Q
=B|

xv}y
@Q}O

=kt
u}}a

D

C=Q}}eD QO 3 w 2 Kw]U |=vLv= `=aW x@ C@Uv |QDW}@ Q}F-=D 4 w 1 Kw]U
|=yC}iQ_ w l =m]Y= ?}=Q[ |=Q@ OvwQ u}= u}vJty "OvQ=O xR=U |=yMU=B
2 VRer Kw]U l =m]Y= ?}=Q[ xm |Qw] x@ &OW xOy=Wt R}v |}=Hx@=H
QO |R}J=v Q=}U@ C=Q}F-=D VRer Kw]U u}= |}=Hx@=H C}iQ_ u}vJty w 3 w

"OvDW=O xR=U |=yMU=B |xv}W}@ C=Q}}eD
'MCE hrDNt Kw]U |=Q@ xOWxv}y@ |=yQDt=Q=B 'OwOat |OQ=wt QO RH x@ "2
QDt=Q=B QO |}xRQr Kw]U QF= w xDW=O sy x@ l}ORv |}=y?=wH SLE w DBE
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1. base isolation
2. triple friction Pendulum bearing
3. rigid plastic friction element
4. gap element
5. Bouc-Wen model of hystersis
6. Heaviside
7. maximum credible earthquake
8. design basis earthquake
9. service level earthquake
10. fully adaptive
11. �tness function
12. nonlinear constraint
13. population type
14. population size
15. creation function
16. constraint dependent function
17. feasible
18. linear ranking mechanism
19. selection function
20. Roulette wheel
21. reproduction
22. elite count
23. crossover fraction

24. mutation function
25. crossover function
26. Scattered
27. initial penalty
28. penalty factor
29. single objective
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