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p=U u=ty QO u; G}=Dv w CiQ}PB CQwY |m}t=v}O C=W=aDQ= |=yQ}ox@ Q[ |wQ Q@

[1]"OW QWDvt
"OW xO=O VQDUo xOWQmP |=yQ}ox@ Q[ R= |QDpt=m pOt '1928 p=U QOTBU

|wQ}v `@vt x@ |R=}v|@ p}@k R= |}xOta |=}=Rt ^=Lr x@ 'p=aiQ}e pQDvm |=ysDU}U
C@Uv =yu; QO Q=m w R=U uOw@ xO=U u}vJty w |Q=Oyov w ?Yv CrwyU '|HQ=N
|tQH Qo =Q}t sDU}U "OvDUy w xOw@ xHwD OQwt QDW}@ |rQDvm |=yVwQ Q}=U x@
<=kDQ= CyH xm CU= p=aiQ}e |rQDvm |=ysDU}U xrtH R= ' 1�TMD� xOvwWs}_vD
|=yxR=U |R=Uy@ |=Q@ xmr@ 'O}OH |=yxR=U |L=Q] QO \ki xv '|}xRQr OQmrta

"CU= xO=iDU= p@=k R}v ?w}at w |t}Ok
|xR=U x@ |OwQw |SQv= R= |Q=Okt '|rQDvm |=yVwQ Q}=U Ovv=t Qo =Q}t u}=
|SQv= lqyDU= |=Q@ =[=kD Q=Okt u=R}t u}ty x@ w Ovm|tlryDUt OwN QO =Q|rY=
xOvwWs}_vD |tQH Qo =Q}t sDU}U '|DQ=@a x@ "OyO|t Vy=m =Q |rY= |xR=U QO
Q@ '|OwQw |SQv= R= |Q=Okt uOQm lryDUt =@ 'xR=U |}xRQr C}iQ_ V}=Ri= |=H x@

pw�Ut xOvU} wv �
"1395 8 4 VQ}PB '1395 5 31 x}LqY= '1394 11 20 Ci=} QO %M} Q=D

DOI:10.24200/J30.2018.1353



"""|
D=P

|=y
C}a

]k
sOa

Q}F=D
|Dq

=tDL
=|@

=}RQ
=

C=YNWt =@ Qo =Q}t |=Q@ xOWx@U=Lt |=yxYNWt j}kO j=@]v= sOa |=yOt=}B '=Pr
sOa =@ u; |v=tRsy w �|DN=vW C}a]k sOa OwHw� xR=U |=Q@ x}rw= ZwQit
Q=DWwv QO "CU= xOWv xDiQo Q_v QO �|D=P C}a]k sOa� =yxrRrR ẁkw QO C}a]k
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=@ xm CW=O u; Q@ =Q u=QoWywSB 'xR=U |}xRQr Q=DiQ |UQQ@ CyH 'pLt \}=QW =@
=@ =yOQwmQ |r=N |xrY=i 'OwHwt |=yCW=ov?=DW Q}O=kt Q@ C@=F ?} Q[ p=ta=
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p}rLD QO |}xRQr |=[=kD OQw;Q@ QO |rw@k p@=k CkO 'xrRrR CW=ov 20 |r= 10
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QDnQR@ |i}] Q}O=kt T=U=Q@ |rY= OQwmQ |xir-wt '=yv; |xU}=kt w CW=ov?=DW
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QO |tQH Qo =Q}t |xv}y@ |=yQDt=Q=B |x@U=Lt VwQ "3
�5 |}=Q}t =@ |O=R; xHQO OvJ sDU}U
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3�
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� = md
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(2)

!d = �opt:! (3)
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1 + �

(4)

cd = 2md:!d:�d (5)

kd = md:!2
d (6)
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QO OQivt |tQH Qo =Q}t C=t}_vD QO CqqDN= Q}F-=D |@=} RQ= Qw_vt x@ 'xt=O= QO
'u; |=H x@ w xOW xDiQo Q_v QO C@=F u; x@ \w@ Qt |=yQDt=Q=B |x}rm 'xrRrR s=ovy
QO xm CU= QmP x@ sRq "CU= xOQm Q}}eD 2 pwOH x@=Wt xR=U |rY= |=yQDt=Q=B

"CU= xOW pOt QN; |xk@] QO |tQH Qo =Q}t '=y?=k |t=tD
[2]"=y?=k QO xDiQ Q=mx@ |=yQo =Q}t |xv}y@ |xYNWt "3 pwOH

� = md=M
sQH |}=Q}t Qvi |DNU QDt=Q=B

kgf � s2=cm kgf � s=cm kgf=cm OL=w
�5 3 60 8 20 137 5 xk@] 3
�5 10 80 14 36 116 4 xk@] 9
�5 14 40 15 95 107 0 xk@] 12
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xrY=i ?=DW |xv}W}@ =oQR@ ẁkw p=U CW=ovC@F x=oDU}= xrRrR s=v�km� �g� u}tR
55 4 0 095 6 0 1986 Anza-Tule Canyon N.Palm Springs

71 9 0 147 7 2 1980 Rio Dell Overpass Trinidad,California

53 0 0 087 6 7 1994 Carson - Catskill Ave Northridge

44 6 0 154 7 1 1992 Eureka - Myrtle & West Cape Mendocino

43 0 0 0106 7 1 1989 Fremont - Mission San Jose Loma Prieta

44 7 0 101 6 7 1994 Inglewood - Union Oil Northridge

46 6 0 098 6 7 1994 Bell Gardens - Jaboneria Northridge

58 2 0 051 6 7 1994 LB - City Hall Northridge

51 2 0 089 6 7 1994 Whittier - S. Alta Dr Northridge

0 41 0 178 7 7 1952 Taft Lincoln School Kern County

[27]"|:tm CQwY@ |}xRQr CQ=UN |=yCr=L |Ov@xk@] "5 pwOH
CQ=UN l} Qy =@ Q_=vDt |}xk@]u=}t |@Uv |}=Hx@=H w CQ=UN |=yCr=L \UwDt |WtN ?=k12�CD� pt=m 11�ED� xOQDUo 10�MD� \UwDt 9�SD� h}iN

0 06 0 024 0 0100 0 006 xk@]3 ?=k
0 04 0 016 0 0067 0 004 xk@]9 ?=k
0 03 0 012 0 0050 0 003 xk@]12 ?=k

9 Slight Damage (Sd) 10 Moderate Damage (MD)
11 Extensive Damage (ED) 12 Complete Damage (CD)
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p=tDL= Vy=m QO xOvwWs}_vD |tQH Qo =Q}t ?U=vt OQmrta R= u=Wv w TwULt
Qo}O ?=k 2 =@ xU}=kt QO xk@] 9 ?=k QO Qo =Q}t xHwD p@=k Q}F-=D "OQ=O xR=U |@=QN
Qo =Q}t ?U=vt OQmrta R= u=Wv xm CU= OwyWt Q=}U@ |OQmrta Kw]U s=tD QO

QDt=Q=B =@ 'CU= xOW xi=[= =yp}rLD pw] QO xm xR=U Q@ |r=ta= |=yxrRrR COW
V}=tv 8 DM QDt=Q=B =@ 'CU= G}}yD x@ xR=U MU=B xm =yp}rLD |HwQN w IM

'�DM� xR=U MU=B u}@ |x]@=Q sUQ `k=w QO IDA |=y|vLvt "OwW|t xO=O
|i}] ?=DW 'Q[=L |xar=]t QO "CU=yCW=ov '�IM� COW Q}}eD x@ C@Uv
QDt=Q=B h} QaD CyH (Sa(T1&�5) �5 |}=Q}t ?=UDL= =@ xR=U |r=kDv= Owt u}rw=
u}@ |@Uv |@v=H u=mtQ}}eD u} QDW}@ uDiQo Q_vQO =@ "CU= xOW ?=NDv= COW
[30]'HAZUS�97 QO xOWh} QaD |@=QN Kw]U 'MU=B QDt=Q=B u=wva x@ |}xk@]
'Q]N hrDNt Kw]U <=R= x@ w �5 pwOH� OvOW xDiQo Q_v QO Q=}at u=wva x@
OvOW s}UQD |oOvvmW |=y|vLvt w u}}aD '|@=QN Cq=L u}= R= uDWPo p=tDL=
'3 l}D=tW pmW j@=]t '|oOvvmW |=y|vLvt sUQ CyH "�6 |r= 3 |=ypmW�
|=y|vLvt |wQ R= |i}] ?=DW Q}O=kt '�|OQmrta K]U� |OL Cr=L Qy |=Q@
ZQi =@ 'Qo}O |t=o QO "OwW|t CW=OQ@ |W}=Ri= |m}t=v}O p}rLD R= pY=L
|=yQDt=Q=B |x@U=Lt R= TB &OQ=O p=tQv `} RwD 'pY=L Q}O=kt |a}@] sD} Q=or xmv}=
Cr=L Qy <=R= x@ 'xOWCW=OQ@ Q}O=kt |=Q@ '(�) OQ=Ov=DU= h=QLv= w (�) u}ov=}t
|Q=Okt |v} Ro}=H =@ "OwW|t G=QNDU= '(F (X)) p=tDL= |r=oJ `@=D l} |OL
p=tDL= |r=oJ `@=D |vLvt Q} R K]U 'COW R= K]U l} u=wva x@ X0 |=Q@
K]U u}= QO Q_vOQwt |OL Cr=L R= u=tDN=U uDWPo p=tDL= 'X0 =D �1 R=
p=tDL= Q}O=kt G=QNDU= w QwmPt |x} wQ Q=QmD [31]"(P ) OyO|t u=Wv =Q COW R=
|OQmrta K]U |=Q@ |oOvvmW |vLvt G=QNDU= x@ QHvt 'hrDNt |=yCOW |=Q@

"OW Oy=wN Q_vOQwt
p=tDL= Vy=m ?@U |tQH Qo =Q}t R= xO=iDU= 'CiQ|t Q=_Dv= xm Qw]u=ty
Kw]U QO |@=QN p=tDL= '4 pmW j@=]t "OwW|t xR=U OQmrta Ow@y@ w |@=QN
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[32]"OW xO=iDU= '2000 p=U QO
w MD 'SD |OQmrta Kw]U QO xm OwW|t xOy=Wt �? w hr=� 5 pmW QO
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Cr=L x@ C@Uv � + � Cr=L QO 9Sa(T1; �5)(g) |=Q@ C@=F Q=Okt l} <=R=

"OQ=O �+ � Cr=L QO xR=U MU=B Ow@y@ R= u=Wv xm CU= QDu}}=B �� �
'QDq=@ |OL Cq=L QO Fy w E QDt=Q=B wO C}a]k sOa QF= Cio u=wD|t
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xDW=Ov MD w SD |OQmrta Kw]U QO |v=OvJ Q}F-=D xR=U |}=Q}t C}a]k sOa
xm CQwY u}O@ "CU= xOQm =O}B Owtv u; Q}F-=D CD w ED |OQmrta Kw]U QO w
CU= QmP x@ sRq "O@=}|t Vy=m xR=U |@=QN ,q=tDL= 'xR=U |D=P |}=Q}t V}=Ri= =@
Vy=m |D=P |}=Q}t xm |Dr=L QO CD |OQmrta K]U QO xR=U |@=QN p=tDL= xm
u=Uwv 'O@=}|t V}=Ri= xR=U |D=P |}=Q}t xm |Dr=L x@ C@Uv �10 R= QDtm 'O@=}|t

"OQ=O
MU=B QO (mass) sQH QDt=Q=B C}a]k sOa |Q=PoQ}F-=D u=R}t '�O� 5 pmW
|OQmrta Kw]U |t=tD QO xR=U sQH C}a]k sOa Q}F-=D "OyO|t u=Wv =Q xR=U
"OyO|t u=Wv CD |OL Cr=L QO =Q OwN QF= u} QDW}@ xm |Qw]x@ "CU= OwyWt
�50 CWPo =Qi p=tDL= =@ xR=U sQH pm QO �10 V}=Ri= w Vy=m xm CQwY u}O@
'OvDUy |v}aD CQwYx@ =yQDt=Q=B |x}rm xm |Dr=L x@ C@Uv 'CD |OL Cr=L R=
MU=B C}U=UL x@ xHwD =@ "CU= Q}eDt OYQO 6 70 w 14 64 u=R}t x@ ?}DQD x@
u} QDy@ |DQ=@ax@ w QDt=Q=B wO u}= ẁkw |v=tRsy QF= 'sQH w |}=Q}t QDt=Q=B wO x@ xR=U
|UQQ@ |xH}Dv "OW |UQQ@ R}v |}=Q}t w sQH C}a]k sOa ẁkw QO w} Q=vU u} QDO@ w

"CU= xOW xO=O u=Wv 6 pmW QO xOWs=Hv=
��+� w �mass�� u=tRsy ẁkw 'OwW|t xOy=Wt 6 pmW QO xm Qw]u=ty
'P = �50 QO "OwW|t xR=U |}xRQr OQmrta Ow@y@ w C}iQ_ V}=Ri= ?Hwt
V}=Ri= �14 85 'OvDUy |iO=YDQ}e CQwYx@ =yQDt=Q=B |x}rm xm |Dr=L x@ C@Uv
�mass+�Cr=L QO 'CQwY u}ty x@ "OQ=O OwHw|}xRQr OQmrta Ow@y@ wC}iQ_
w C}iQ_ Vy=m �12 5 'u}ov=}t Cr=L x@ C@Uv 'P = �50 QO �� � � w

"CU= |@=QN p=tDL= V}=Ri=

|v=tR |xJN} Q=D p}rLD "5
|xt=vu}}; |L=Q] Q]N K]U CLD xR=U MU=B QO Qo =Q}t QF= |UQQ@ Qw_vt x@
Cr=L wO QO |v}aD |=ypOt |wQ |v=tR |xJN} Q=D p}rLD G}=Dv 'u=Q}= |xrRrR
'|v=tR |xJN} Q=D p}rLD |=Q@ "CU= xOW xU}=kt |tQH Qo =Q}t uwO@ w =@
QO xOWx�=Q= ptar=QwDUO T=U=Q@ 4 pwOH QO xOW|iQat |=yCW=ov CUNv
|=Q@ xm xk]vt KQ] h}] x@ [33]'�2800 OQ=Ov=DU=� u=Q}= |xrRrR |xt=vu}};
Oa@ "OvOW T=}kt 'CU= xOW s}_vD p=U 475 CWoR=@ |xQwO w 2 A}D l =N
MU=B u=wva x@ |}xk@] u=}t |@Uv |}=Hx@=H |xv}W}@ 'CW=ov Qy p=ta= R=
p@=k Q}F-=D Qo =Q}t 'OwW|t xOy=Wt 7pmW QO xm Qw]u=ty "OW CW=OQ@ xR=U
xDW=O �\UwDt `=iDQ=� xk@] 9 |xR=U ,=YwYN =yxR=U MU=B pQDvm QO |}x_Lqt

"CU=
QO xOWQmP |SQv= hqD= sDU}U ?wr]t |Q=PoQ}F-=D R= CL=QY x@ u=wD|tv xD@r=
w l} QLD ẁv 'Qo =Q}t uwO@ |xR=U |x}rw= |L=Q] xm =QJ 'Cio =yxR=U MU=B Vy=m
|=yQ=R@= xrtH R=C}U=UL p}rLD "OvDUy xR=U MU=B QO Q=PoQ}F-=D w syt pt=wa R= """
"CU= OwHwt |=yC}a]k sOa R= xR=U MU=B |Q}PB Q}F-=D u=R}t |UQQ@ |=Q@ O}it
u=Wu}ov=}t Q=Okt QO =yC}a]k sOa s=tD Q}O=kt =OD@= 'Q_vOQwt p}rLD s=Hv= |=Q@
Q=Okt wO QO =yC}a]ksOa R= |m} Q}}eD =@ 'Qo}O |t=o QO "OwW|t ZQi C@=F
u}= Q=QmD "OwW|t CW=OQ@ xR=U MU=B 'ptDLt C=Q}}eD |xR=@ R= u}}=B w q=@ |OL
Qy |=Q@ |HwQN |OL Q=Okt wO G=QNDU= x@ QHvt =yC}a]ksOa s=tD |=Q@ Ov}=Qi
Q=Owtv x@ swUwt |Q=Owtv \UwD ,=twta p}rLD u}= G}=Dv "OW Oy=wN =yQ}eDt R= s=Om

"OwW|t xO=O V}=tv wO=vQwD
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"CU= QDT=UL =yC}a]k sOa Q}=U x@ C@Uv sQH C}a]k sOa x@ xR=U MU=B
Ctw=kt w |a=HDQ= pwOt 'xR=U |}=Q}t |=yQDt=Q=B x@ C@Uv C}U=UL |iQ] R=

"CU= �10 R= QDtm w u=Um} ,=@} QkD |iQYt Oqwi s}rUD

|Q}oxH}Dv "6
xOWs=Hv= C=}[Qi w =ypOt x@ OwOLt Q[=L |xar=]t R= pY=L G}=DvCU= |y}O@
|D; |r}rLD |=ypOt |t=tD |=Q@ Ov=wD|tv xOt; CUOx@ G}=Dv R= xO=iDU= w CU=

%CU= KQW u}= x@ Q[=L VywSB R= xOt; CUOx@ G}=Dv "OQ}o Q=Qk O=vDU= OQwt
|R=UpOt w x}rw= |L=Q] \}=QW x@ xHwD =@ 'xar=]t OQwt |=ypOt u=}t R= "1
'xOvwWs}_vD |tQH Qo =Q}t x@ RyHt |xk@] 9 ?=k 'OpenSees Q=Ri=sQv QO
w xR=U |}=Q}t w sQH x@ \w@ Qt |=yC}a]k sOa x@ C@Uv |QDW}@ C}U=UL

"CU= xDW=O Oqwi |a=HDQ= pwOt w s}rUD VvD u}vJty
V}=Ri= QO |}x_Lqt p@=k Qw]x@ Ov=wD|t |tQH Qo =Q}t C=t}_vD QO pqDN= "2
|]NQ}e |=ypmWQ}}eD |xOwOLt QO |Rri |xR=U |@=QN p=tDL= Vy=m =}
w sQH� xR=U |DN=vW C}a]k sOa wO |=Q@ '|Q=PoQ}F-=D u}= u=R}t "OW=@ QF-wt

"CU= QDxDUHQ@ |DN=vW |=yC}a]k sOa Q}=U x@ C@Uv '�|}=Q}t
'�� + �� w �mass + �mass u=tRsy Qw]x@ |}=Q}t w sQH ?wr]t Q}}eD "3
Cr=L x@ C@Uv xR=U |}xRQr OQmrta Ow@y@ QO xHwD p@=k V}=Ri= ?Hwt
CWPo =Qi p=tDL= V}=Ri= ?Hwt ?wr]t Q}}eD u}= xm |Qw] x@ "OwW|t |v}aD

"OwW|t |v}aD Cr=L x@ C@Uv �14 85
R}J=v ,=@} QkD hrDNt |OQmrta Kw]U QO 'Fy w E |=yQDt=Q=B pqDN= Q}F-=D "4

"OQm Q_vhQY =yu; R= u=wD|t w CU=
uwO@ w =@ Cr=L wO QO 'u; V}=Ri= CyH QO xR=U |D=P |}=Q}t QO pqDN= "5
x}[k u}= Tma "CW=O Oy=wN xR=U MU=B Vy=m QO ?wr]t |Q}F-=D 'Qo =Q}t

"CU= jO=Y R}v
uwO@ w =@ Cr=L wO QO xR=U MU=B QO =Q Q}F-=D u} QDW}@ 'xR=U sQH QO pqDN= "6
|xk@] 9 ?=k QO Qo =Q}t x@ RyHt |xR=U sQH Vy=m "OQ=Po|t |tQH Qo =Q}t
OQmrta �14 67V}=Ri= '�CD� pt=m |@=QN |OQmrta K]U QO |UQQ@ OQwt

"OwW|t ?Hwt =Q xR=U |}xRQr
|=yQDt=Q=B QO C}a]k sOa |v=tRsy QF= |D; C=ar=]t QO OwW|t O=yvW}B
hrDNt C=k@] O=OaD =@ |}=y xR=U |=Q@ Cw=iDt |=y|tQH C@Uv =@ 'Qo =Q}t w xR=U

"OwW |UQQ@

"hrDNt |=yC}a]k sOa x@ xR=U MU=B C}U=UL � wO=vQwD Q=Owtv "8 pmW

u; |Q=Pos=v Cra xm 'OwW |t O=H}= O=@OQo x}@W |Q=Owtv '|rwRv ?}DQD x@ |ki=
"CU= OQwt u}ty R}v wO=vQwD x@

u=wva x@ ?}DQD x@ ��� w �+� R= Q[=L |xar=]t QO xm CU= QmP x@ sRq
|=ypOt |=Q@ "CU= xOW xO=iDU= C}a]k sOa Qy C=Q}}eD u}}=B w q=@ |=yxv=Qm
C=Q}}eD |xR=@ QO �C}a]ksOa� |iO=YD Q}eDt Qy |=Q@ wO=vQwD Q=Owtv 'xar=]t OQwt

=yCWwv=B
1. tuned mass damper (TMD)
2. multiple tuned mass damper (MTMD)

3. distributed plasticity method (DPM)
4. mass
5. intensity measure (IM)
6. incremental dynamic analysis (IDA)
7. paci�c earthquake engineering research (PEER)
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8. damage measure (DM)
9. \�rst-mode" spectral acceleration (Sa(T1; �5))
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