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le|=yx=oDUO |L=Q] |=Q@ OQmrta h}] |x}yD

xrRrR QF= CLD |=ypB QO u; OQ@ Q=m w |ivt |DNU
�|QDmO |wHWv=O� |v=F |R}wt OtLt

�Q=}Wv=O� � u}Or=sQm T=@a
OyWt '|UwOQi x=oWv=O 'u=Qta |UOvyt w |vi |xOmWv=O

R= ẁv wO x@ RyHt |WQ@ |O=R; xHQO l} |=yxR=U |=Q@ OQmrta h}] 'Q[=L Q=DWwv QO
|v=tR |xJN} Q=D p}rLD VwQ R= xO=iDU= =@ "CU= xOW x�=Q= p=aiQ}e |ivt |DNU x=oDUO
|=Q@ OQmrta h}] '|ivt |DNU |=yx=oDUO hrDNt |m}v=mt |=yQDt=Q=B |=Q@ |]NQ}e
"CU= xOt; CUO x@ x=oDUO ẁv wO Qy |=Q@ x}v=F 2 5 =D 0 5 ?w=vD |xQwO =@ |=yxR=U
�2800 OQ=Ov=DU=� u=Q}= |xt=vu}}; |L=Q] h}] =@ xrRrR OQwmQ 12 'Q=m u}= s=Hv= |=Q@
s}rUD |wQ}v x@ 'xR=U w x=oDUO s}rUD |wQ}v C@Uv |=yQDt=Q=B R= "Ov=xOW xO=O j=@]v=
xO=iDU= OQmrta |=yh}] |x}yD |=Q@ xR=U x@ x=oDUO |DNU C@Uv u}vJty w xR=U
x=oDUO |=yQDt=Q=B |L=Q] QO OQmrta h}] |}=Q=m |UQQ@ |=Q@ 'u}vJty "CU= xOW

xOW xO=iDU= Q=}at |y=QoQR@ pB |xR=U R= '=yxR=U MU=B Vy=m QO u; Q=F; w |ivt |DNU
QO OQmrta h}] ?wr]t G}=Dv |xOvyOu=Wv 'xOt; CUO x@ hOy |=yQDt=Q=B "CU=

"CU=yMU=B Vy=m w |ivt |DNU |=ysDU}U |L=Q]

mmsani.pe@gmail.com
a-karam@um.ac.ir "p=aiQ}e pQDvm 'Q=}at |y=QoQR@ pB '|ivt |DNU 'OQmrta h}] %|O}rm u=oS=w

xtOkt "1
xHwD OQwt xm 'OvDUy 3|ivt |DNU w 2=QoRmQt |=yx=oDUO 'xv}tR u}= QO ?r=H
hPL =} Vy=m T=U= Q@ |ivt |DNU w =QoRmQt sDU}U wO Qy "Ov=xOw@ u=QoWywSB
u=mt= =D 'Ov=xOW O=H}= xR=U QO xrRrR R= TB xOv=t}k=@ u=UWmQ}e |=y|}=Hx@=H
QO 'Q}N= VwQ wO Cw=iD "OwW s=Hv= xv} Ry u} QDtm =@ xrRrR R= TB xR=U R= |Q=OQ@xQy@
\UwD ,=DOta '=QoRmQt |=ysDU}U "CU= xOW QmP hOy x@ uO}UQ |=Q@ =yv; OQmrta
Cr=L x@ xR=U uOv=OQoR=@ w =yMU=B Vy=m QO |aU 'xO}vDV}B QY=va R= |NQ@
|i=[= x=oDUO l} uOwRi= =@ '|ivt |DNU VwQ QO 'p@=kt QO "OvQ=O OwN |x}rw=
x@ w xR=U QO =ywQ}v K]U '|R=Ht s}rUD |x]kv O=H}= =@ '=yQo =Q}t Ovv=t 'xR=U x@
Vy=m '|ivt |DNU VwQ |rY= |oS} w "O@=}|t Vy=m xR=U QO ?}U; u; p=@vO
|=y|}=Hx@=H 'O}OW |=yxrRrR QF= QO '|rm Qw] x@ "CU= xR=U Q@ xOQ=w ?=DW w wQ}v
Q=oOv=t pmWQ}}eD x@ QHvt xm 'OvwW|t xR=U Q=DiQ |]NQ}e |x}L=v OQ=w =yxR=U
xR=U ẁtHt |DNU 'xR=U x@ |ivt |DNU sDU}U l} uOwRi= =@ "OwW|t xR=U QO
QDtm '|R=Ht |x]kv QO xR=U 'u}=Q@=v@ "O@=}|t Vy=m |ivt |DNU |=Q=O sDU}U w
|xH}Dv QO "OyO|t u=Wv OwN R= |R=Ht w |]NQ}e Q=DiQ 'xR=U |ak=w s}rUD R=
?=DW w wQ}v Vy=m x@ QHvt xm 'O@=}|t V}=Ri= xR=U ?w=vD |xQwO '|DNU Vy=m
|}=Hx@=H '|DNU Vy=m p}rO x@ p@=kt QO =t= 'OwW|t xR=U x@ xOW OQ=w jr]t

|}xRQr |=yQ=@ Q@=Q@ QO |L=Q] '=yxR=U |L=Q] QO p�=Ut u} QDR}t;Vr=J R= |m}
C}a]k sOa w |m}t=v}O C}y=t hrDNt |=yu=tR QO =yxrRrR xm |}=Hu; R= "CU=

"OQ=O |Q=}U@ C}ty= 'xrRrR Q@=Q@ QO xR=U |L=Q] 'OvQ=O |}q=@
xrRrR Q@=Q@ QO =yxR=U R= C_=iL |=Q@ x=Q u} QDQF-wt p=@vO x@ xQ=wty u=QoWywSB
xrRrR Q@=Q@ QO xR=U Q=DiQ Ow@y@ w |UQQ@ |=Q@ xR=U pQDvm Vv=O u}=Q@=v@ "Ov=xOw@
O=yvW}B [1]1'w�=} \UwD xR=U pQDvm '1972 p=U QO Q=@ u}rw= |=Q@ "CU= xOW O=H}=
CLD hrDNt |v=Qta |=yxR=U QO =yV=aDQ= Vy=m |=Q@ |O=} R p}Uv=DB xm 'OW
|=Q@ |O=} R |=yVqD 'xDWPo |xyO GvB QO "CU= xO=O u=Wv |m}t=v}O |Q=PoQ=@
xDiQo CQwY =yxR=U QO =QH= p@=k |Qw=:vi l} u=wva x@ xR=U pQDvm swyit |xaUwD
w p=ai 'p=aiQ}e pQDvm |=yx=oDUO x@ pQDvm |=ysDU}U 'T=U= u}ty Q@ "CU=

"Ov=xOW |Ov@xk@] p=aixt}v
|Q=}U@ O}OH |=yxO}= 'xR=U pQDvm |=yVywSB |xv}tR QO 'Q}N= |xyO wO QO
|xO}= wO "CU= xOW x�=Q= Q=oOv=t |}=Hx@=H Vy=m w =yxR=U x@ ?}U; Vy=m |=Q@

pw�Ut xOvU} wv �
"1401 8 23 VQ}PB '1401 8 9 x}LqY= '1401 3 24 Ci=} QO %M} Q=D

DOI:10.24200/J30.2022.60333.3096

%xr=kt u}= x@ O=vDU=
'h} QW u=Qta |UOvyt '�xrRrR QF= CLD |=ypB QO u; OQ@ Q=m w |ivt |DNU |=yx=oDUO |L=Q] |=Q@ OQmrta h}] |x}yD� "�1402� T=@a 'u}Or=sQm w OtLt '|v=F |R} wt
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|x}

yDw QF-wt |=yVwQ R= |m} "OwW x�=Q= xR=U Q=DiQ x@ xHwD =@ pQDvm x=oDUO l} |=Q@
R= xO=iDU= '|rQDvm |=ysDU}U |=Q@ ?U=vt |xv}y@ |=yQDt=Q=B |x�=Q= QO ?U=vt
h}] "CU= hrDNt |=yQDt=Q=B QO sDU}U l} Q=DiQ u}}aD |=Q@ OQmrta h}]
|=yQDt=Q=B =@ |rQDvm sDU}U Q}F-=D |xOvyOu=Wv '|m}i=Qo Q=R@= l} u=wva x@ OQmrta
w =wo � OQmrta h}] Q@ |vD@t |L=Q] VwQ "CU= |rY= |xR=U QO hrDNt
%pt=W =Q |]NwO |O=R; xHQO l} sDU}U |=yMU=B [26 w 25]16'�TwrwB wDU} Qm
|=yQDt=Q=B x@ ?=DW w x}=B VQ@ |xv}W}@ 'xOv=t}k=@ |}=Hx@=H '|}=Hx@=H |xv}W}@
|=yQDt=Q=B |xU}=kt u=mt= 'QwmPt |=yh}] "Ovm|t \@DQt Qo =Q}t s}_vD p@=k
Ov}=Qi w pt=m |L=Q] x@ R=}v uwO@ =Q OQmrta h=Oy= x@ |@=}DUO |=Q@ hrDNt
'RwmU} w |=yQo =Q}t |=Q@ (P-Spectra) OQmrta h}] "Ovvm|t sy=Qi |Q=QmD
uwvm =D |rw [26w 25]'CU= xDi=} xaUwD w |UQQ@ |Oqwi w |m =m]Y= 'u=UWmwmU} w

"CU= xOWv x}yD |ivt |DNU |=ysDU}U |=Q@ OQmrta h}]

sDU}U |iQat "2
"CU= xR=U QO |t�=O pmWQ}}eD w wQ}v Vy=m '|ivt |DNU VwQ |rY= |oS} w
|xar=]t QO "CU= xOW O=yvW}B u=QoWywSB\UwD|Dw=iDt|ivt|DNU|=ysDU}U
"CU= xOW xO=iDU= OQmrtah}] O}rwD |=Q@ |ivt |DNU x=oDUO ẁv wO R= 'Q[=L

17(NSD) |ivt |DNU x=oDUO "1"2
|=yOQ@ Q=m |=Q@ =Q|ak=w|ivt|DNU swyit Q=@u}rw= [6�3]'Vv=Q=mty w 18x=}=H=Q=o =v
OQ=Ov |HQ=N |x}PeD `@vt x@ |R=}v '|ak=w |ivt |DNU "OvOQm |iQat |}xR=U
O=H}= |ak=w |]NQ}e u=UWm |ivt |DNU l} w OwW|t p}mWD Qvi R= ,qt=m w
1 pmW QO 'Vv=Q=mty w x=}=H=Q=o =v\UwD xDi=} xaUwD |ivt |DNU x=oDUO "Ovm|t
'x=oDUO RmQt QO xOQWiV}B Qvi l} pt=W '|ivt |DNU x=oDUO "OwW|t xOy=Wt
Q=vm QO =Q C=a]k xm CU= |D=LiY w ?=k QY=va R= |@}mQD w u}}=B QO gap |=yQvi
'xOW xOQWi V}B R= Qvi 'OyO|t pmWQ}}eD x=oDUO xm |t=ovy "OQ=O|t xov sy
l}D=tW Q=Owtv u}vJty "Ovm|t O=�H}= |ivt |wQ}v =} CmQL CyH QO |�} wQ}v
2 pmW QO x=oDUO |q=@ |}=Hx@=H R= TB xDi=} pmWQ}}eD C}a[w QO x=oDUO

"OwW|t xOy=Wt
1 |x]@=Q CQwY x@ xDi=} pmWQ}}eD Qvi pw] ls 'pO=aD CqO=at T=U= Q@

%CU=

ls =

vuuut0@lp + l1 � l1
s

1�
�
u
l2

�2
1A2

+ u2
�

1 + l1
l2

�2
(1)

pmWQ}}eD R= |a@=D CQwY x@ NSD \UwD xOW O}rwD |wQ}v |x]@=Q |}=yv pmW
%OwW|t xDWwv 2 |x]@=Q CQwY x@ x=oDUO

FNSD =

�
�
Pin +Kslp

ls
�Ks

��
l1
l2

� 
2 + l2

l1
+ lp + l1p

l22 � u2

!
u+ Fg

(2)

CQwY x@ C@Ft CN=wvm} |}=Hx@=H |=Q@ xm 'CU= gap Qvi |wQ}v Fg 'u; QO xm

R= |]N ,=D@Uv =} sm |]NQ}e Q=DiQ '|rY= |xR=U 'u}=Q@=v@ "O@=}|t V}=Ri= xR=U
V}=Ri= pmWt pL |=Q@ "O@=}|t Vy=m Q=}U@ u; QO ?}U; w OyO|t u=Wv OwN
C=R=wt x@ 'RwmU} w |=yQo =Q}t Ovv=t '|SQv= hqD= |=ysDU}U R= xR=U QO |}=Hx@=H

"OwW|t xO=iDU= |ivt |DNU sDU}U
u}rw= "CU=QH= p@=k p=aixt}v w p=ai 'p=aiQ}e %CQwYx@ |ivt |DNU VwQ
5x=}=H=Q=o =v [2]"OQm x�=Q= =Q |ivt |DNU C}r@=k =@ Qo =OH l} '�2005� 4=Qwt}= Q=@
Qvi l} R= xO=iDU= =@ |ivt |DNU x=oDUO l} R}v '�2014�2011� Vv=Q=mty w
=@ '�2015� |Q=]a [6�3]"OQm|t O}rwD =Q |ak=w |ivt |DNU xm 'OvO=O x�=Q= xOQWi
6=} wmwD [7]"OQm O=H}= =Q |v=QwO |ivt |DNU x=oDUO l} 'xOvOMQJ OvJ R= xO=iDU=
|iQat uy;x=Q |=ypB |xR=U |=Q@ =Q |ivt |DNU C}r@=k =@ Qo =OH l} '�2015�
V=aDQ= pQDvm |=Q@ |ivt |DNU x=oDUO l} =OD@= '�2015� 7wS w w}r [8]"OQm
xOQWi |=yQvi R= xO=iDU= =@ O}OH sDU}U l} TBU w [9]jrat |=ypB QO =yp@=m
u=tRsy =Q =QoRmQt w |ivt |DNU C}r@=k wO xm 'OvOQm x�=Q= 8Q=Ox_i=L |=yS=}r; w
KqY= |k}@]D |ivt |DNU x=oDUO l} '�2021� 9|r u=wy [10]"OQm|t x�=Q=
|=yQvi |Ov@ Qm}B =@ |]NQ}e |}=Q}t w |@v=H |ivt |DNU |x�=Q= |}=v=wD =@ xOW
O=yvW}B q=@ |=yOt=U@ QO pmWt `iQ |=Q@ |]N RwmU} w |=yQo =Q}t w |]N
Ov@ Qtm x@ RyHt |=yxR=U |}xRQr OQmrta O=O u=Wv '�2021� 10u=U [11]"OQm
Ow@y@ RwmU} w Qo =Q}t C=R=wt x@ |ivt |DNU ?}mQD =@ |rwtat |xOW =Q}t |}=B QN
|ivt|DNU =@ xOWC} wkD R=U=OH sDU}Ul} '�2022� 11nv=w w w=S [12]"O@=}|t
|}xDUy QwDm =Q h=Q]= |=yxR=U |}xRQr OQmrta <=kDQ= |=Q@ =Q (NSAS-IS) O}OH
|ivt |DNU |=yQo =Q}t R= O}OH?}mQDl} '�2022� sqUq=?}kv [13]"Ov=xOQm x�=Q=
|R=wt |=yQo =Q}t u=wva x@ =Q (Inerter) QDQv}= |=yx=oDUO w (NSDs) |ak=w
[14]"CU= xOQm xO=iDU= xOW |R=U=OH |=yxR=U MU=B pQDvm |=Q@ 12 (NSID)

"Ovvm|t O}rwD p=aiQ}e VwQ x@ =Q |ivt |DNU 'xOW xQ=W= |=yx=oDUO |t=tD
|}xRQr MU=B Vy=m QO |ivtx@W |DNU T} RQDU}y |xkrL '�2003� =Qwt}=
|ivt |DNU sDU}U l} '�2021� 13|r [15]"O=O x�=Q= Q=@ u}rw= |=Q@ =Q QF-wt
s=eO= =Q |}=Q}t |=y|oS} w w |k}@]D |ivt |DNU xm CU= xOQm O=yvW}B O}OH
Q@ |vD@t V=aDQ= |R=U=OH O}OH VwQ l} '�2021� 14|W nv=} S [16]"Ovm|t
x@ |@=}DUO hOy =@ =Q p=aixt}v x=oDUO l} w (NSS) p=aiQ}e |ivt |DNU Qvi
[17]"CU= xOQm O=yvW}B u=wD sm p=aixt}v VwQ R= xO=iDU= =@ p=ai |R=U=OH OQmrta
Q=O}=B C}a[w wO |=Q=O |=ysU}v=mt \UwD |ivt |DNU '�2022� 15xQwD=wr=U
x�=Q= =Q (SMA) |}x_i=L S=}r; |=ys}U \UwD s}_vD p@=k |v=UWmQB wU =@ x=Qty
|R=U=OH |xv}tR QO =Q xR=U l} |m}t=v}O |Q}PBh=]av= Ov=wD|t xm 'CU= xOQm
O}OH p=aix@W |ivt |DNU Qo =Q}t l} '�2022� |r [18]"OyO V}=Ri= V=aDQ=
|}=Q}t QYva w |ivt |DNU QYva s=eO= =@ sw=kt w QF-wt |}xRQr C_=iL |=Q@
|wQ Q@ |}=yVywSB R}v |UQ=i `@=vt QO [19]"CU= xO=O O=yvW}B 'sy =@ pQDvm p@=k
=iDm = =yv; `@vt QmP x@ \ki Q=YDN= CyH x@ xm 'CU= xDiQ}PB CQwY |ivt |DNU

[21 w 20]"CU= xOW
QO syt p�=Ut R= |m} '|ivt |DNU sDU}U ?wN Q=}U@ |=y|oS} w x@ xHwD =@
x@ xHwD =@ |ivt |DNU |=ysDU}U R=}v OQwt C}iQ_ w |L=Q] |xwLv 'xv}tR u}=
'O}OH |=yxR=U |=y|L=Q] |=Q@ xRwQt= "CU= |rY= |xR=U |m}t=v}O |=y|oS} w
|]@=w[ [24�22] 'FEMA450 w ASCE-41 'ASCE-7 %Ovv=t |}=yOQ=Ov=DU=
Q@ QwmPt |=yOQ=Ov=DU= =t= 'Ov=xOQm x�=Q= |}=Q}t |=ysDU}U pQDvm w |L=Q] |=Q@ =Q
sRq u}=Q@=v@ "OvDUy =]N w uwtR; Q@ |vD@t w OvQ=O RmQtD |}=Q}t |=ysDU}U p}rLD
?U=vtC}iQ_ O}rwD w |L=Q] QO xv}y@ |=yQDt=Q=B ?=NDv= |=Q@ |@U=vt VwQCU=

4



[5]"NSD |ivt |DNU x=oDUO "1 pmW

[4]"NSD |}=Hx@=H � wQ}v Q=Owtv "3 pmW

[7]"x}rw= xOW xDN=U RBMAP-S |xvwtv "4 pmW

19(RBMAP� S) |v=QwO |ivt |DNU x=oDUO "2"2
|k}@]D |m}v=mt p=aiQ}e x=oDUO l} '�2015� u=Q=mty w |Q=]a O} wv
|ivt |DNU 'xrRrR s=ovy QO Ov=wD|t xm 'Ov=xOQm O=yvW}B (RBMAP� S)

pmW QO [7]"Ovm p}O@D |v=QwO CmQL x@ =Q xR=U l} |r=kDv= CmQL w O=H}= xR=U QO
|xr}Uw x@ x}rw= |xOvOMQJ "OwW|t xOy=Wt xOvOMQJ xU R= pmWDt x=oDUO '4
|=Q@ 'x} wv=F |xOvOMQJ wO w OwW|t pYDt xR=U x@ |rYit p=YD= |wR=@ l}
"CU= xOW |L=Q] xR=U MU=B QO Q}F-=D xH}Dv QO w x}rw= |xOvOMQJ CmQL pQDvm

"OwW|t xOy=Wt x=oDUO |rm KQ] '5 pmW QO
KqY= |Q=]a \UwD xm 'CU= xDW=O pmWt wO xOW x�=Q= |x}rw= x=oDUO
|=y|}=Hx@=H QO |Q=O}=B=v "2 'x} wv=F |xOvOMQJ |v=yo =v uOW Q}oQO "1 %CU= xOW

[4]"xDi=}pmWQ}}eDCr=LQO NSD|ivt|DNU x=oDUOl}D=tWC}a[w "2 pmW

%CU= 3 |x]@=Q

Fg =

(
Kg1u 0 � u � dgap

Kg1dgap +Kg2 (u� dgap)u>dgap (3)

'CU= xDi=}v pmWQ}}eD NSD xm CU= |v=tR QO xOQWiV}B Qvi pw] lp 'u; QO xm
|}=Hx@=H u "CU= C w B \=kv |xrY=i l2 w D 'C |x]kv wO u}@ |xrY=i l1
'OW=@ xDW=O C@Ft Q=Okt O}=@ w CU= Qvi |oOQWiV}B |wQ}v Pin w x=oDUO pm
w x=oDUO u}}=B QO gap |=yQvi |=y|DNU Kg2 w Kg1 'xOQWi Qvi |DNU Ks

"OwW|t R=@ xm CU= |Dr=L QO gap Qvi QO XNWt |}=Hx@=H l} dgap
|v=QwO jQw xm 'Ovm|t O=H}= �B |x]kv� q=@ QO |}=Hx@=H l} 'AB |wR=@
u=QwO C |x]kv pwL |WNQJ jQw xm =Hu; R= "ONQJ|t C |x]kv pwL
"Ovm|t CmQL xOW p=ta= |}=Hx@=H CmQL hqN CyH QO D |x]kv 'Ovm|t
|}=Hx@=H 'u}=Q@=v@ w CU= pYDt x=oDUO |q=@ x@ ?rY,qt=m CQwY x@ E |x]kv
xOQWi Qvi 'E w D \=kv CmQL x@ xHwD =@ "OQ=O xOW p=ta= |}=Hx@=H =@ Q@=Q@
Qw] u=ty "OwW|t QDW}@ |}=Hx@=H Ea=@ 'u; |oOQWi |wQ}v w O@=}|t VNQJ
Vy=m u; |oOQWi |wQ}v u}=Q@=v@ w OwW|t R=@ Qvi 'OyO|t pmWQ}}eD x=oDUO xm
x=oDUO \UwD xOW O}rwD |DNU Q=Okt w V}=Ri= u; |x} w=R xm |r=L QO &O@=}|t
QO C@Ft |DNU x@ QHvt 'Q}N= |H} QOD |DNU Vy=m 'C}=yv QO "O@=}|t Vy=m
xOy=Wt NSD |}=Hx@=H � wQ}v Q=Owtv '3 pmW QO "OwW|t nQR@ |=y|}=Hx@=H

"OwW|t
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[7]"xOW KqY= Cr=L QO RBMAP-S |}=Hx@=H � wQ}v Q=Owtv "8 pmW

Fa = kaL� = kaRs
p3� 2 (sin �s + cos �s) (6)

Ma = kaR2
s

h
cos2�s � sin2�s

i2p3� 2 (sin �s + cos �s) (7)

x}rw= |xrY=i u0 '|rY= |xOvOMQJ u=QwO �m 'p=YD= |wR=@ pw] L '=yv; QO xm
sRq u=QwO u=R}t �0 '|rY= |xOvOMQJ RmQt w xR=U x@ x=oDUO p=YD= |x]kv u}@
|x]kv u}@ |xrY=i y0 'x}rw= |xOvOMQJ =@ x} wv=F |=yxOvOMQJ uOW Q}oQO |=Q@
|=yxOvOMQJ Qw=DWo T0 '|rY= |xOvOMQJ RmQt w |rY= |xOvOMQJ |wR=@ p=YD=
Qvi |x}rw= pw] Rs '|rY= |xOvOMQJ `=aW Rm 'Qvi |WJ}B |DNU ks 'x} wv=F
|DNU ka 'x} wv=F |xOvOMQJ u=QwO �s 'x} wv=F |xOvO MQJ `=aW =} xOW xOwRi=
xOW O=H}= Qw=DWoMa w xOW xOwRi= Qvi |QwLt |wQ}v Fa 'xOW xOwRi= Qvi |QwLt
Cr=L QO RBMAP-S |}=Hx@=H � wQ}v Q=Owtv '8 pmW QO "CU= Fa \UwD

"OwW|t xOy=Wt xOW KqY=

w NSD |L=Q] |=Q@ OQmrta h}] |x}yD "3
RBMAP� S

?=NDv= '=yxR=U QO pQDvm |=ysDU}U R= xO=iDU= |=Q@ u=UOvyt CqmWt R= |m}
R= 'OwHwt |=yOQ=Ov=DU= "CU= u}at |OQmrta hOy l} |=Q@ xv}y@ |=yQDt=Q=B
'Qo =Q}t x@ RyHt |=yxR=U |L=Q] |=Q@ [17]'ASCE7 w [19] FEMA450 %xrtH
Qo =Q}t x@ RyHt |xR=U l} OQmrta u}}aD Q@ xm 'OvDUy =]N w uwtR; Ov}=Qi x@ |mDt
|=ysDU}U |L=Q] "CU}v xv}y@ |L=Q] u}}aD |=Q@ |}xOvRwt; VwQ w CU= RmQtDt
OQwt |xv=oOvJ |=yMU=B xm CU= |}xR=U |=yQDt=Q=B s}_vD pt=W 'p=aiQ}e |}=Q}t
|=Q@ MU=B |=y|vLvt R= OQmrta h}] "OR=U xOQw;Q@ Q]N hrDNt Kw]U QO =Q R=}v
|xHQO l} sDU}U |=yMU=B w Ovm|t xO=iDU= sDU}U |=yQDt=Q=B hrDNt Q}O=kt
=Q x}=B ?=DW w VQ@ |xv}W}@ '|}=Hx@=H |xv}W}@ %pt=W 'p;xO}= |]NQ}e |O=R;

"OyO|t \=@DQ= xR=U w x=oDUO pQDvm p@=k |=yQDt=Q=B x@
|=yQo =Q}t |=Q@ =Q |OQmrta h}] Q=@ u}rw= |=Q@ [26w25]20'TwrwB wDU} Qm w =wo

"Ov=xOQm O=yvW}B u=UWmwmU} w w T} RQDU}y
|O=R; xHQOl} sDU}Ul}CQwYx@ xR=U 'sDU}Ul} OQmrtah}] sUQ|=Q@
OwW|t |R=UpOt x}rw= |DNU �5 |x} wv=F |DNU C@Uv =@ |]NwO |Q}tNwDUq=
C@Uv Vf w xR=U ?w=vD |xQwO Tf '|O=R; xHQO l} |xR=U sQH m 'u; QO xm

"OvDUy Sa(Tf ; �)m u=UWm |x}=B VQ@ x@ Vbf xR=U |WQ@ Ctw=kt
Vf = Vbf/Sa (Tf ; �)m (8)

[7]"RBMAP-S |ivt |DNU x=oDUO |rm KQ] "5 pmW

[7]"x}rw= Cr=L QO RBMAP� S |}=Hx@=H � wQ}v Q=Owtv "6 pmW

Qvi %u}}=B '|r=kDv= Qvi %q=@ "xOW xOwRi= |WJ}B w |r=kDv= Qvi C}akwt "7 pmW
[7]"|WJ}B

w 4 pmW x}rw= Cr=L QO x=oDUO |}=Hx@=H � wQ}v Q=Owtv '6 pmW QO "nQR@
l} pw= 'QwmPt pmWt `iQ |=Q@ |Q=]a "OwW|t xOy=Wt xOt; OwHw x@ |Q=O}=B=v
|WJ}B Qvi l} 'swO pmWt |=Q@ w x} wv=F |xOvOMQJ \}Lt x@ |]N |r=kDv= Qvi
j} Q] R= x} wv=F |xOvOMQJ x@ QwmPt p=YD= xm 'OQm pYDt x} wv=F |xOvOMQJ x@ Qo}O
w |r=kDv= Qvi C}akwt '7 pmW QO "CU= xOW s=Hv= pmW |Uwk h=mW l}

"OwW|t xOy=Wt x=oDUO x@ xOW xOwRi= |WJ}B
|=Q@ �7 |r= 4 CqO=at� |}=Hx@=H � wQ}v CqO=at 'NSD x@=Wt

%Ov=xOW x�=Q= RBMAP� S

u =
q
L2 � y20cos2�m + y0 sin �m � u0 (4)

Fx =

�
T0 �Ks

Rm
Rs

(�m � �0)
�
Rm
Rs

y0 cos �m

p
L2 � y02cos2�m

L
(5)
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[23]"|]NQ}e |v=tR |xJN} Q=D |=yp}rLD QO xOW xO=iDU= |=yCW=ov?=DW CUQyi "1 pwOH
xOW C@F C=aq]= (Km) `@vt R= xrY=i

pUo ẁv
=yCW=ov ?=DW C=aq]=

h}OQCaQU |xv}W}@ ?=DW |xv}W}@ jta |xrY=i =oQR@ OQwmQ s=v
(cm=s)(PGV) (g)(PGA) |vwv=m |RmQtwQ (Mw)

63 0 52 17 2 13 3 Twmat 6 7 Northridge 1
62 0 82 12 41 3 Rer O=ODt= 7 1 Duzce 2
42 0 38 12 5 29 4 Rer O=ODt= 6 5 Imperial Valley 3
37 0 51 7 1 8 7 Rer O=ODt= 6 9 Kobe 4
59 0 36 15 4 98 2 Rer O=ODt= 7 5 Kocaeli 5
42 0 42 19 7 82 1 Rer O=ODt= 7 3 Landers 6
45 0 56 12 8 31 4 Rer O=ODt= 6 9 Loma Prieta 7
54 0 51 12 6 40 4 Rer O=ODt= 7 4 Manjil 8
36 0 45 11 2 11 2 Rer O=ODt= 6 5 Superstition 9
39 0 51 26 77 5 Twmat 7 6 Chi Chi 10
19 0 21 22 8 39 5 Twmat 6 6 San Fernando 11
31 0 35 15 8 20 2 Twmat 6 5 Friuly 12

O=} R |@Uv Q]N =@ xvyB w III ẁv u}tR |=Q@ u=Q}= |xt=vu}}; KQ] h}] "9 pmW
|v=tR |xJN} Q=D p}rLD QO xOW xO=iDU= |=yCW=ov?=DW u}ov=}t h}] w �R@U�
?w=vD |xQwO |=Q@ �OQR� xOW xO=O j=@]v= w �|@;� xOWv xO=O j=@]v= |]NQ}e

"x}v=F 1 5

xOQw; QO T=}kt x@ =yCW=ov?=DW O}=@ 'Q_v OQwt CkO =@ G}=Dv ?Um |=Q@
V}=Q} w� u=Q}= |xrRrR Q@=Q@ QO =yu=tDN=U |L=Q] |xt=vu}}; T=U= Q@ "OvwW
"CU= xOW x�=Q= =yCW=ov?=DW T=}kt VwQ \ki [28]'�2800 OQ=Ov=DU= sQ=yJ
xOW x�=Q= [25]'ASCE7� 16 xrtH R= 'Qo}O |=yxt=vu}}; QO xm |Qo}O VwQ
|=yVwQ xm 'CU= hOy |L=Q] h}] l} =@ CW=ov?=DW j=@]v= VwQ 'CU=
j=@]v= VwQ '=yu; |xrtH R= xm &CU= xOW O=yvW}B u; s=Hv= |=Q@ |irDNt
=@ SeismoMatch Q=Ri=sQv QO =yCW=ov?=DW xm 'CU= u=tR |xRwL QO
=D 0 5 T |xR=@ QO [29]'�1992� 21uwUt=y=Q@; |O=yvW}B sD} Qwor= R= xO=iDU=
|xt=vu}}; h}] "Ov=xOW xO=O j=@]v= 2800 OQ=Ov=DU= |L=Q] h}] =@ 2 T

s}UQD (A = 0 3) O=} R |@Uv Q]N =@ xvyB w III ẁv u}tR T=U= Q@ u=Q}=
h}] w 2800 |xQ=tW OQ=Ov=DU= |L=Q] h}] '9 pmW QO "CU= xOW
|@=NDv= CW=ov?=DW 12 |xOWv xO=O j=@]v= w xOW xO=O j=@]v= u}ov=}t

w CU= �|D=P |}=Q}t w Tf ?w=vD |xQwO QO |i}] ?=DW Sa(Tf ; �) 'u; QO xm
|}=Hx@=H x@ Vbf Q=Okt 'u}=Q@=v@ "CU= pO=at |Q}tNwDUq= sDU}U Ctw=kt Vbf
|=ysDU}U |]NQ}e Q=DiQ x@ xHwD =@ "OQ=O |oDU@ sDU}U |x} wv=F |DNU w hOy
|=Q@ � w � |=yQDt=Q=B 'p@k VN@ QO xOW xO=O u=Wv RBMAP-S w NSD

%OvwW|t h} QaD 10 w 9 \@=wQ j@=]t OQmrta h}] sUQ
� = Ks/Kf (9)

� = Fyn/Fyo (10)

Fyn '|O=R; xHQO l} |xR=U |DNU Kf 'xOQWi Qvi |DNU Ks '=yv; QO xm
OQwt QO "OvDUy xR=U s}rUD |wQ}v Fyo w xR=U w |ivt |DNU sDU}U s}rUD |wQ}v
u=QwO u=R}t xm '� QDt=Q=B R= � QDt=Q=B R= xO=iDU= |=H x@ 'RBMAP-S sDU}U
uwO@ |=yQDt=Q=B u}vJty "OwW|t xO=iDU= 'OyO|t u=Wv =Q |WJ}B Qvi |x}rw=
|}=Hx@=H C@Uv uOQw; CUO x@ |=Q@ '�12 w 11 \@=wQ j@=]t� Rf w Rd Oa)@

%Ov=xOW xDiQo Q_v QO sDU}U OQmrta |}=Q=m w s}rUD |wQ}v w
Rd = DN+f=Df (11)

Rf = FN+f=Ff (12)

RyHt |xR=U |x}=B VQ@ w |}=Hx@=H |xv}W}@ C@Uv Rf w Rd '=yv; QO xm
w D(N+f) 'xR=U |x}=B VQ@ w |}=Hx@=H |xv}W}@ x@ |ivt |DNU sDU}U x@
|DNU sDU}U x@ RyHt |xR=U |x}=B VQ@ w |}=Hx@=H |xv}W}@?}DQD x@ F(N+f)

"OvDUy x}rw= |xR=U |x}=B VQ@ w |}=Hx@=H |xv}W}@ ?}DQD x@ Ff w Df '|ivt
<=R= x@Rd Q@=Q@ QO =QRf |xOWp=tQv |=yMU=B xmCU=|Q=Owtv 'OQmrtah}]
xO=iDU= =@ OQmrtah}]"Ovm|ts}UQDhrDNt|=yVf |=Q@� w�hrDNt|=yQDt=Q=B
CW=ov?=DW 12 \UwD |]NQ}e |v=tR |xJN} Q=D p}rLD u}ov=}t |=yMU=B R=
ptar=QwDUO QO xOW |iQat QwO u=O}t OQ=wt Q@ |vD@t =yCW=ov?=DW "OwW|t sUQ
w =yCW=ov?=DW CUQyi '1 pwOH QO [27]"Ov=xOW ?=NDv= FEMAP� 695
?=DW |xv}W}@ w xrRrR uwv=m =D C}=U |xrY=i 'pUo ẁv %p}@k R= '=yu; |=y|oS} w

"CU= xOW x�=Q= 'Ov=xOW xO=iDU= Q[=L |xar=]t QO xm =Q (PGA) xOW C@F
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"NSD |ivt |DNU sDU}U x@ RyHt |xR=U Ctw=kt V}=Ri= w |oOvwWCNU |=Q@ OQmrta h}] |=yQ=Owtv T} QD=t "10 pmW

Q=}at |y=QoQR@ pB |wQ Q@ OQmrta h}] |UQQ@ "4
OQmrta |=yh}] R= xO=iDU= w p@k |xrLQt QO xOt; CUO x@ G}=Dv pQDvm |=Q@
"CU= xOW xO=iD�U= =}vQi}r=m QO xOW `k=w Q=}at x=QoQR@ pB l} R= 'xOW sUQ
O}OH `]=kD xm 'Ov=xOQm x�=Q= =Q |y=QoQR@ pB pOt [30]'�2004� 22u=D w p=w=Qo ;
'12 pmW QO "CU= xOW `k=w =}vQi}r=m ?wvH QO GvQw= |xk]vt QO w xOw@ 5 91
|}x@aH pB l} 'QwmPt pB "OwW|t xOy=Wt pB VQ@ w uqB x=Qty x@ pB Q} wYD
pw] w OQ=O xv=yO wO xm 'CU= xDUw}B |xv=yO wO =@ xO}vDV}B |vD@ |=yQ}D =@
"CU= xHQO 33 x=ox}mD wO =@ x]NQ=yJ x=QoQR@ l} |wQ Q@ QDt 58 5 'xv=yO Qy
?Qe CyH QO QDt 15 w QDt 12 95 '|kQW |xv=yO O=ODt= QO xWQa ZQa
|Q=Oyov QDt 6 9 w QDt 31 4 pw] x@ xO}vDV}B |x}=B l} \UwD xWQa "CU=
|vD@ |m =m]Y= `tW 49 R= xwQo Qy w OQ=O Q=Qk `tW xwQo wO |wQ Q@ xm 'OwW|t
R= xO=iDU= =@ pB |xWQa "CU= QDt 6 9 ,=@} QkD =yuwDU `=iDQ= "CU= xOW p}mWD
8 ẁtHt QO w OwW|t |R=U=OH x=ox}mD Qy QO |}xRQrQ}e |QtwDUq= x=ox}mD 4
xOW O=�H}= pOt QO "Ov=xO�W ?Yv x�WQa w |}=yDv= |=yx=ox}mD u}@ Qo =OH OOa
|m}DUq |=yR=U=OH R= |}xRQrQ}e |QtwDUq= x=ox}mD 8 |�v} Ro}=H |=Q@ 'pB R=
Ow@y@ =Q |}xRQr OQmrta Ovv=wD|t |}xRQr |=yQo =OH =Q} R 'CU= xOW xO=iDU= |@ QU
u}@ |ivt |DNU |rQDvm |=yx=oDUO 'Q[=L |xar=]t QO 'p=L u}= =@ "OvWN@
|=Q@ "OwW |UQQ@ =yu; OQmrta =D OvOW ?Yv pB |}=yDv= |=yx=ox}mD w xWQa
OvOW RmQtDt xR=U |=yxQo QO =yu=tr= |DNU w sQH 23'?rDt \}Lt QO |R=UpOt
|]NQ}e QY=va TBU "OvwW O=H}= ?rDt QO |rm sQH w |DNU |=yT} QD=t =D

x}v=F 1 5 ?w=vD |xQwO =@ |=yxR=U |=Q@ Q}N= u}ov=}t h}] "OwW|t xOy=Wt
'Vf = 0 4 � 0 7 |=Q@ |v=tR |xJN} Q=D |=yp}rLD "CU= xOW xO=O j=@]v=
xOW s=Hv= x}v=F Tf = 0 5 � 2 w � = 0 5 � 0 9 '� = 0 1 � 0 3

"CU=
'1 5 |=Q@ RBMAP-S w NSD |ivt |DNU sDU}U ẁv wO OQmrta h}]
|=Q@ "Ov=xOW s}UQD 11 w 10 |=ypmW QO Vf = 0 5 '0 6 w Tf = 1 0
|Q=O}=B=v R= |Q}owrH w |DNU Vy=m QF= QO xR=U O=} R |=y|}=Hx@=H R= |Q}owrH
|ivt |DNU sDU}U C=R=wt x@ �20 |}=Q}t C@Uv =@ RwmU} w Qo =Q}t l} 'sDU}U
|rQDvm sDU}U uwO@ ?=k OQmrta Rd = Rf = 1=0 |x]kv "CU= xOW xO=iDU=

"CU= xOW xDW=Po V}=tv x@ x]kv l} CQwYx@ xm 'CU=
|UQQ@ u=mt= xm 'Ov=xOW ?DQt T} QD=t pmW x@ 11 w 10 |=ypmW
OQmrta h}] QO xm Qw]u=ty "Ovvm|t sy=Qi =Q Cq=tDL= R= |QD`}Uw |xvt=O
|tm Q}F-=D � QDt=Q=B Q}}eD 'NSD sDU}U QO 'OwW|t x_Lqt 10 pmW QO
'u}=Q@=v@ &Ovm|t pQDvm QDW}@ =Q MU=B '� C=Q}}eD w OQ=O sDU}U C=YNWt QO
QO u}vJty "CU= Qvi |oOQWiV}B |wQ}v 'NSD |L=Q] QO |rY= QDt=Q=B
QO R}v � Vkv '� Q@xwqa '11 pmW QO RBMAP-S sDU}U OQmrta h}]
|rQDvm sDU}U Q}F-=D 'xR=U |DNU w Ctw=kt V}=Ri= =@ "CU= QF-wt sDU}U |L=Q]
Vy=m |}=Hx@=H Vy=m QO RwmU} w Qo =Q}t Q}F-=D '|DNU V}=Ri= =@ "O@=}|t V}=Ri=
MU=B w xR=U C=YNWt x@ xHwD =@ OQmrta |=yh}] R= xO=iDU= =@ "O@=}|t
CUO x@ =]N w |aU x@ R=}v uwO@ =Q |rQDvm sDU}U C=YNWt u=wD|t hOy

"OQw;
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"RBMAP� S |ivt |DNU sDU}U x@ RyHt |xR=U Ctw=kt V}=Ri= w |oOvwWCNU |=Q@ OQmrta h}] |=yQ=Owtv T} QD=t "11 pmW

|O=R; xHQO 6 'xrwm w xWQa |}xQo RmQtDt sQH Qy x@ "Ov=xOW xi=[= pB pOt x@
=@ 'uOw@ ?rY ZQi =@ '=yxrwm w =yxWQa "CU= xOW xO=O X=YDN= |m}t=v}O
"Ov=xOW pOt �|WJ}B l} w |r=kDv= wO� |O=R; xHQO xU |=yu=tr= R= xO=iDU=
xOW |R=UpOt |]NwO pOt l} =@ |RmQt uwDU wO |]NQ}e |=vLv= � Qovr Q=DiQ
|WJ}B w |WQ@ '|QwLt Q=DiQ |=Q@ u=mtQ}}eD � wQ}v \@=wQ '|R=UxO=U |=Q@ "CU=
xDiQo Q_v QO |]NwO '=vLv= � |WtNQovr |x]@=Q wO \ki w xOW ZQi |]N
Q_v QO xrRrR u}L QO |WtN Qovr w |QwLt Q=@ u}@ VvmQOv= u}vJty "CU= xOW
Q_v QO pkDUt CyH wO Qy QO |]NQ}e |=yMU=B 'u}= Q@xwqa "CU= xOWv xDiQo
|@=} RQ= |=Q@ xm 'OQ=O |O=R; xHQO 430 'pB pt=m |]NQ}e pOt "Ov=xOW xDiQo
\ki w |Q=OOwN Q=YDN= p}rO x@ pB |]NQ}e pOt |x�=Q= R= "OwW|t xO=iDU= pB

[30]"CU= xOW QmP u; `@vt
'CU= xOW |UQQ@ u; G}=Dv w xOw@ TQDUO QO 'Q=}at pB |=yMU=B xm =Hu; R=
|=Q@ [30]"CU= xOW |Q=OOwN u; |}=tR;|DU=Q G}=Dv |x�=Q= R= Q=YDN= p}rO x@
R}r=v; 'pB |m}t=v}O C=YNWt uOQw; CUO x@ w Q=}at |y=QoQR@ pB OQmrta |UQQ@
x�=Q= pB ?r=e |=yOwt C=YNWt '2 pwOH QO w xDiQo CQwY pB |wQ Q@ p=Owt
|xQwO =@ 4 Owt 'pB |xR=U |r=kDv= ?r=e Owt u}rw= 'u; j@=]t xm &CU= xOW
0 5 ?w=vD |xQwO =@ OQmrta h}] R= u=wD|t 'u}=Q@=v@ "CU= x}v=F 0 59 ?w=vD
s}rUD Ctw=kt w 5000 KN=m 'x}rw= |DNU "OQm xO=iDU= |@U=vt CkO =@ x}v=F
?w=vD |xQwO T=U= Q@ xR=U C=YNWt x@ xHwD =@ =Pr "CU= xOw@ 333 33 KN

|@=}uwQO =@ u}vJty "CU= xOt; CUO x@ Vf = 0 57 Q=Okt '|L=Q] h}] w "[26]pB VQ@ w uqB �?� 'Q=}at |y=QoQR@ pB �hr=� "12 pmW
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"SIMULINK \}Lt QO NSD pOt "13 pmW

pOt '13 pmW QO "CU= xOt; CUO x@ |@=} RQ= |=yQ=}at G}=Dv w xOW s=Hv= ?rDt
"OwW|t xOy=Wt SIMULINK \}Lt QO pQDvm x=oDUO

|DNU |=ysDU}U |=Q@ |@=} RQ= |=yQ=}at G}=Dv R}v '5 w 4 |=ypwOH QO
xm Qw]u=ty "CU= xOW x�=Q= RBMAP-S w NSD sDU}U ẁv wO QO |ivt
'RBMAP-S sDU}U w �33 'NSD |ivt |DNU x=oDUO 'OwW|t x_Lqt
NSD |ivt |DNU x=oDUO u}vJty "Ov=xO=O Vy=m =Q x}=B VQ@ u=R}t �21
Qo�vr u=R}t QO �20 Vy=m Ea=@ 'RBMAP-S sDU}U w �33 Vy=m Ea=@
�35 'NSD |ivt |DNU x=oDUO |xv=yO \Uw QO |}=Hx@=H "Ov=xOW |vwoS=w
\Uw QO ?=DW R}v w Vy=m �37 'RBMAP-S sDU}U |xv=yO \Uw QO w
sDU}U |xv=yO \Uw QO w Vy=m �15 'NSD |ivt |DNU x=oDUO |xv=yO
x=oDUO wO u}@ xU}=kt QO 'xH}Dv QO "CU= xDi=} V}=Ri= �18 'RBMAP-S

xO=O u=Wv OwN R= pB |=yMU=B pQDvm QO |QDy@ OQmrta NSD x=oDUO 'Q}N=
"CU=

|Q}oxH}Dv "5
Qvi CQwYx@ |ivt |DNU x=oDUO ẁv wO |=Q@ OQmrta h}] 'Q[=L Q=DWwv QO
0 5 ?w=vD |=yxQwO QO QwmPt h}] "CU= xOW x�=Q= |v=QwO w |]N |xOQWiV}B
|m}t=v}O |=yQDt=Q=B T=U= Q@ 'CU=yxR=U ?r=e ?w=vD |xQwO xm 'x}v=F 2 5 =D
C@Uv pt=W 'QwmPt |=yQDt=Q=B "CU= xOW s}UQD |ivt |DNU x=oDUO hrDNt
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xR=U |DNU x@ xOQWi Qvi |DNU C@Uv 'u}= Q@xwqa "CU= sDU}U wO Qy QO
RBMAP-S QO |WJ}B Qvi |x}rw= u=QwO |x} w=R u=R}t w NSD sDU}U QO
h}] |=yQ=Owtv T} QD=t "CU= xOW xDiQo Q_v QO |rQDvm |=yQDt=Q=B u=wvax@ R}v
xHwD =@ "CU= xOW s}UQD x=oDUO Qy |=Q@ x}v=F 1 5 ?w=vD |xQwO |=Q@ OQmrta
OL =D x=oDUO |@=NDv= |=yQDt=Q=B xm OwW|t x_Lqt xOW s}UQD |=yQ=Owtv x@
OQmrta h}] T=U= Q@ u=wD|t w OvQ=Po|t V}=tv x@ =Q x=oDUO OQmrta |@ wr]t
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[26]"|y=QoQR@ pB ?r=e |=yOwt C=YNWt "2 pwOH
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0 81 |WJ}B 1
0 78 |Owta�|WJ}B 2
0 65 |Owta 3
0 59 |r=kDv= 4
0 56 |Owta 5
[26]"|@=} RQ= |=yQ=}at CUQyi "3 pwOH
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%CU= 13 |x]@=Q CQwY x@ MU=B sQv Q=Okt "CU=

k:k =

vuuut 1
tf

tfZ
0

(:)2dt (13)
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