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Ctw=kt |=Q@ =yOv@ Q=yt [26]"OvW=@ xDW=O |WvQm |oOWCNU xrtH R= 'Ovw}B Q}D
|L=Q] "OvwW|t |L=Q] Ovw}B Q}D |WQ@ Ctw=kt =@ Q_=vDt |}xRQr |=yQ=@ Q@=Q@ QO

"CU=yOv@ Q=yt x@=Wt Ovw}B R= GQ=N |=yQ}D
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sQowr}m 2400 |iQYt |=yOqwi uOW |Q=H OL 'xwqax@ "CU= xOw@ QDt Q@ sQowr}m
\@=w[ uDN=U xOQw;Q@ |=Q@ =y?=k "CU= xOW xDiQo Q_v QO `@ Qt QDt|Dv=U Q@
"Ov=xOW |L=Q] w p}rLD LRFD VwQ x@ u=tDN=U |rt C=QQkt syO EL@t
|rm |=tv "OvOW xDiQo Q_v QO xk@] 20 w 15 '12 '9 '6 '3 '(ns) C=k@] O=OaD
=y?=k |a}@] ?w=vD |xQwO "OwW|t xOy=Wt 2 pmW QO xOW xO=iDU= |=y?=k
pm `=iDQ= u=wvax@ H uDiQo Q_v QO w T = 0=08H0=75 |x]@=Q R= xO=iDU= =@

[22]"CU= xOW x@U=Lt =y?=k
[24w23]"OvwW|t|Ov@s}UkD Ovr@ w\UwDt 'x=Dwm %|xDUO xU x@ Ovw}B |=yQ}D pw]
|=ypw] |=Q@ w |WQ@ CQwYx@ Ovw}B Q}D Q=DiQ 1 6 Mp=Vp R= QDtm |=ypw] |=Q@
|=ypw]|=Q@ "OwW|t Qw_vt|WtNCQwY x@ Ovw}B Q}D Q=DiQ '2 6Mp=Vp R=V}@
[24w23]"OwW|t xDiQo Q_v QO |WtN � |WQ@ Ovw}B Q}D Q=DiQ 'Q}N= Q=Okt wO u}@
0 50 w 0 35 '0 2 =@ Q@=Q@ � |xv=oxU Ovw}B |=yQ}D pw] |=Q@ =ypOt ?}DQD u}O@
Qy 'xwqax@ "OW=@ Ovw}B Q}D QO hrDNt Q=DiQ xU |xOv}=tv =D 'CU= xOW xO=O xaUwD
xO=iDU= =@ =yOv@O=@ |Qeq "Ov=xOW xO=O \U@ xv=oxU � |Ov@ Q=yt |Qeq =@ pOt

[25]"Ov=xOt; CUO x@ 8 |x]@=Q R=

� = l
�:r

r
Fy
E

(8)

|Q=H VvD Fy '|Ov@ Q=yt `]kt uw}U=Q} S `=aW r 'Ov@O=@ pw] l 'u; QO xm
|@} Q[ QO =yuwDU |DNU QF= "CU= Kr=Yt nv=} pwOt E w |iQYt Oqwi uOW

[25]%�9 |x]@=Q� CU= xOW x�=Q= p u=wva =@
� = nc:Ic:Ld

nd:Ad:h3:cos2� (9)

"CU= xk@] l} QO =yOv@ Q=yt O=OaD w =yuwDU O=OaD ?}DQD x@ nd w nc 'u; QO xm
Ov@ Q=yt u}@ |x} w=R � w xk@] `=iDQ= h '=yuwDU swO |UQv}= u=tt Ic u}vJty

160

Archive of SID

www.SID.ir

http://www.SId.ir


1/
2|

xQ=t
W'

37
�2

|xQ
wO'

�14
00

Q=y@
�h

}QW
u=Qt

a|
UOv

yt

"T=}kt ?} Q[ QO Q}}eD OvwQ CQ=Jwri "4 pmW
|=yQ=}at R= Qo}O |m} "CU= QDxO=U ?D=Qtx@ u; X}NWD 'OW=@ TQDUO QO xrRrR
QO ,qwtat "CU= |}xRQr `@vt =D C}=U |xrY=i 'l}ORv |xRwL |xrRrR X}NWD
pUo l}ORv u=wvax@ =Q QDtwr}m 30 =D 15 u}@ pY=wi l}ORv |xRwL |=yxrRrR
|rm h} QaD '�2007�21Qm}@ \UwD xDiQo s=Hv= C=ar=]t T=U= Q@ "OwW|t h} QaD
xU 'QwmPt h} QaD T=U= Q@ "CU= xOW x�=Q= l}ORv |xRwL |xrRrR X}NWD |=Q@
pUo l}ORv ^ir |xrRrR l} x@ =D 'OvwW xDiQo Q_v QO u=tRsy Qw]x@ O}=@ |oS} w

%R= Ov=CQ=@a =yQ=}at u}= [33]"O@=} X=YDN=
&OW=@ QDW}@ 0 85 R= Tr=B XN=W ��

&OQ}o pmW CW=ov CaQU |x}rw= C=_Lr QO Tr=B ��
"OW=@ x}v=F Q@ QDt 30 R= QDW}@ xrRrR OQwmQ 22 PGV ��

xOW QmP Q=}at 3 x@ xHwD =@ =Q l}ORv |xRwL OQwmQ 91 Qm}@ 'T=U= u}= Q@
|=yTr=B XwYN QO xOW h} QaD |=y|oS} w u} QDsyt R= |m} "OvOQm h} QaD
Tr=B ?w=vD u=tR X}NWD |=Q@ "CU= CaQU Tr=B ?w=vD u=tR 'l}ORv |xRwL
|=yQ=m R= |}xDUO "CU= xOW s=Hv= hrDNt u=QoVywSB \UwD |irDNt |=yVwQ
j} Q] R= u=wD|t =Q Tr=B ?r=e ?w=vD |xQwO xm CU= ẁ[wt u}= O} -wt xOW s=Hv=
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7 31 6 53 0 179721 EC County Center FF 1979 Imperial Valley � 06 1
0 56 6 53 0 462394 El Centro Array#7 1979 Imperial Valley � 06 2
3 86 6 53 0 467966 El Centro Array#8 1979 Imperial Valley � 06 3
5 09 6 53 0 417229 El Centro Di�erential Array 1979 Imperial Valley � 06 4
0 53 6 19 0 813971 Coyote Lake Dam (SW Abut) 1984 Morgan Hill 5
3 88 6 93 0 943935 LGPC 1989 Loma Prieta 6
2 19 7 28 0 704174 Lucerne 1992 Landers 7
23 62 7 28 0 235782 Yermo Fire Station 1992 Landers 8
5 43 6 69 0 517814 Jensen Filter Plant 1994 Northridge� 01 9
5 92 6 69 0 723597 Newhall - Fire Sta 1994 Northridge� 01 10
6 50 6 69 0 869806 Rinaldi Receiving Sta 1994 Northridge� 01 11
5 35 6 69 0 594294 Sylmar - Converter Sta 1994 Northridge� 01 12
5 19 6 69 0 828472 Sylmar - Converter Sta East 1994 Northridge� 01 13
5 30 6 69 0 732606 Sylmar - Olive View Med FF 1994 Northridge� 01 14
0 96 6 90 0 854264 KJMA 1995 Kobe, Japan 15
0 27 6 90 0 645232 Takarazuka 1995 Kobe, Japan 16
10 92 7 51 0 241333 Gebze 1999 Kocaeli, Turkey 17
3 78 7 62 0 286217 TCU049 1999 Chi-Chi, Taiwan 18
5 97 7 62 0 224488 TCU053 1999 Chi-Chi, Taiwan 19
0 32 7 62 0 564477 TCU068 1999 Chi-Chi, Taiwan 20

C@Uv u}= xJ Qy xm OyO|t u=Wv C=ar=]t "CU= xR=U |rY= Owt ?w=vD |xQwO
|xDmv xmu}= ut[ "OwW|t QDnvQsm Tr=B ?QNt Q=F; 'OQ}o@ xrY=i 1 OOa R=
Qo = xm CU= u}= 'Ov=xDW=Ov |yHwD u; x@ u}W}B C=ar=]t xm |ty@t w syt Q=}U@
u=tR R= x_Lr Qy QO xR=U |]NQ}e ?w=vD |xQwO T=U= Q@ xOW xQ=W= C@Uv
u}= QO "Q}N =} OW=@ |v=QL@ Ov=wD|t 1 Q@=Q@ QwmPt C@Uv u=vJty =}; 'OwW x@U=Lt
|xQwO =@ u; |a]k Cw=iD xD@r= w xR=U |]NQ}e ?r=e ?w=vD |xQwO uOQm =O}B 'u}@
OwHw l}ORv |xRwL QO xm CU= |av=wt w |=y|Q=wWO R= |m} '|a=HDQ= ?w=vD

"OQ=O

|R=UpOt |HvUCLY "3"3
?wULt xar=]t Qy|=ys=ou} QD|U=U= wu} QDsyt R=|m} '|R=UpOt|HvUCLY
|xO=O lv=@ OvtR=}v xm |}=yVywSB w |r}rLD C=ar=]t |=Q@ ẁ[wt u}= "OwW|t
Qo = xm CU= K[=w Q)B "Ovm|t xwrH C}ty= QB V}B R= V}@ 'OvDUy |}xOQDUo
xOW xO=iDU= G}=Dv 'OvW=@ xDW=O =]N |r}rLD |=ypOt |}=B Q@ w |R=UpOt C=}[Qi
|xar=]t QO 'u}=Q@=v@ &Ow@ Ovy=wN K}LYQ}e R}v|@ QHD |=yxDi=} |xaUwD w\U@ QO
w |v}Or=QNi |xar=]t R= xk@] 6 |xR=U pOt '|HvUCLY Qw_vtx@ w Q[=L
l}D=tW Qw]x@ Q}N= ?=k pmW "CU= xOW xO=O xaUwD w O}rwD [26]'�2019� u=Q=mty
x@ =yxv=yO pw] w C=k@] `=iDQ= "CU= 'OwW|t xOy=Wt 2 pmW QO xJu; x@=Wt
xU 'Q}D pw] u=wvax@ L uDiQo Q_v QO =@ u}vJty "CU= xOw@ Iv}= 360 w 144?}DQD
pw] pm QO ?Q[ CyH 0 5 w 0 3 '0 1 u=R}t x@ a ?} Q[ |=Q@ hrDNt Q=Okt

OQm G=QNDU= =Q CaQU MU=B h}] u=wD|t Tr=B ?r=e ?w=vD |xQwO |x@U=Lt
|xQwO =@ Q_=vDt x]kv u; 'CU= xO=Di= j=iD= CaQU MU=B h}] |xv}W}@ =HmQy w

"CU= Tr=B ?w=vD
'|rY= ?=DW CW=ov =OD@= xm OQm O=yvW}B OwN |xar=]t QO �2007� Qm}@
x=ou; "OwW p}O@D xOW x} RHD |=yCW=ov R= |}xawtHt x@ lHwt R}r=v; s=Hv= =@
GQNDUt CW=ov?=DW u=wvax@ lHwt p}O@D ?} Q[ u} QDW}@ =@ CW=ov?=DW
"OwW s}UQD CaQU MU=B h}] xOt; CUO x@ ?=DW u}= R= x=ou; "OwW ?=NDv=
|xOvyOu=Wv h}] |ki= QwLt |wQ |i}] CaQU Q=Okt |xv}W}@ =@ Q_=vDt |x]kv
Tr=B ?w=vD |xQwO xm O=O u=Wv Qm}@ C=ar=]t "CU= Tr=B ?r=e ?w=vD |xQwO
|xJN} Q=D QO xOW xOy=Wt Q=Okt x@?D=Qtx@ u=W}= |O=yvW}B VwQ R= xOW x@U=Lt
xRwL |=yxrRrR QO s�=k |xir-wt R= xO=iDU= xJQo = [33]"CU= l}ORv CaQU |v=tR
VywSB QO =t= 'OvW=@ xDW=O xR=U QO |}x_Lqt p@=k Q=F; Ov=wD|t pUo l}ORv
OwyWt Tr=B =@ |Q}PBCyH Q=F; |=Q=O |ki= |=yxir-wt ,qw= xmu}= x@ xHwD =@ Q[=L
CU= TQDUO QO xOW |Ov@xDUO CQwYx@ [33]'�2007� Qm}@ |xar=]t R= pY=L
=Q s�=k |=yxir-wt uDiQo Q_v QO C=t=Rr= 'xOW xO=iDU= |=y?=k \}=QW |iQ] R= w
?}DQD u}O@ "CU= xOW xO=iDU= |ki= |xir-wt R= \ki =Pr 'CU= xDW=Ov p=@vOx@
C=}YwYN =@ 2 pwOHCW=ov?=DW 20 Q}F-=DCLD 'xOW |iQat pOt 162 |t=tD

"OvOW R}r=v; w OvDiQo Q=Qk xvwoTr=B l}ORv |xRwL |=yxrRrR
|Q}PBCyH Q=F; |=Q=O |=yOQwmQ xS} wx@ l}ORv |xRwL |=yxrRrR EL@ QO
CaQU |v=tR |xJN} Q=D QO OwyWt w xHwD p@=k |=yTr=B OwHw Q@ xwqa 'xvwoTr=B
w ?r=e Tr=B ?w=vD |xQwO u}@ |x]@=Q 'Qo}O syt Q=}U@ ẁ[wt '?=DW ,=[a@ w
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yt [26]"�2019� u=Q=mty w |v}Or=QNi |xk@] 6 |=y?=k |=yu=tr= `]=kt "3 pwOH

Ov@ Q=yt |=yQ}D Ovw}B Q}D |v=}t |=yuwDU |Q=vm |=yuwDU
C@Uv

Ovw}B R= GQ=N Ovw}B Q}D
(a = e=L)

5(6� 1 2) + 6� 1 4 14� 109 2(14� 53) + 3(14� 48) 3(14� 311) + 3(14� 132) 3(14� 38) + 3(14� 38) 0 1
3(6� 1 2) + 3(6� 1 4) 14� 109 4(14� 68) + 2(14� 48) 3(14� 311) + 3(14� 132) 3(14� 38) + 3(14� 30) 0 3
4(6� 1 2) + 2(6� 1 4) 14� 109 2(14� 132) + 4(14� 68) 3(14� 426) + 3(14� 176) 3(14� 38) + 3(14� 30) 0 5

"ANFIS sDU}U |HwQN w |OwQw |=yQDt=Q=B l}D=tW "6 pmW
%CU= 11 |x]@=Q CQwYx@ '|Oqwi |=Qoty |Ov@ Q=yt |=yxR=U |=Q@

R = 1 + p1:(�R � 1)p2 :f(ns; �; �; Tp) (11)

w Ov=xOW |iQat QDW}B xm 'CU= ?=k |UOvy ns; �; �; Tp C=YNWt 'u; QO xm
|HwQN w |OwQw |=yQDt=Q=B l}D=tW '7 pmW QO "CU= s=@ |rm |Q}PBpmW �R
|=y|OwQw '5 |x]@=Q x@ xHwD =@ "OwW|t xOy=Wt |@Ya � |R=i |k}@]D sDU}U
11 |x]@=Q 'QQmt |=yuwtR; R= TB u}vJty "OvOW u}}aD 6 pmW j@=]t pOt

"CU= xOW |U} wvR=@ 12 |x]@=Q CQwYx@ =Qo =w |Ov@ Qm}B =@ |=y?=k |=Q@
R = 1 + p1:(�R � 1)p2 :nsp3 :�p4 :�p5 :Tpp6 :�p7 (12)

Q@ '(�i) s=@ u=UWmQ}e u=mtQ}}eD s}UkD R= '(�R) s=@ |rm |Q}PBpmW
|]NQ}e R}r=v; R= ?}DQD x@ xm O};|t CUO x@ '(�y) xR=U s}rUD u=mtQ}}eD

"Ov};|t CUO x@ Qw;VwB R}r=v; w |v=tR |xJN} Q=D
'xDUO l} "OvOW s}UkD xDUO wO x@ |iO=YD Qw]x@ '|Q=PoQ=@ R= TB =yxO=O
,=@} QkD� xO=O 2257 pt=W 'Qo}O |xDUO w �=yxO=O �75 ,=@} QkD� xO=O 6769 pt=W
"OvOW xO=iDU= sDU}U |}=Q=m |@=} RQ= w VRwt; CyH ?}DQDx@ xm �=yxO=O �25
"Ov=xOW xO=iDU= xO=O 9027 'ANFIS sDU}U QO pOt OQw;Q@ |=Q@ ?}DQD u}O@
26'|k} QiD |Ov@xDUO VwQ wO 25'(FIS) |R=i G=DvDU= sDU}U Q=DN=U O}rwD |=Q@
QDt=Q=B Q}O=kt w C=}YwYN "CU= xOW xO=iDU= 27 (FCM) |R=i |Ov@xWwN w

"CU= xOW QmP 4 pwOH QO 'xOWxDN=U |=ypOt
|=yVwQ T=U= Q@ xOW O=H}= ANFIS C=aq]= 'xYqN Qw]x@ '5 pwOH QO
xOW O=H}= ANFIS pOt Q=DN=U '8 w 7 |=ypmW QO "CU= xOW x�=Q= O}rwDhrDNt
xOy=Wt (Subtracting clustering/FCM) T}i |xOvvmO}rwD `@=D T=U= Q@
hrDNt |=yVwQ T=U= Q@ xOW xO=iDU= |R=i |=yQorta '6 pwOH QO "OwW|t
xOW xO=iDU= |=yxO=O |xvt=O '7 pwOH QO w (FIS) |R=i G=DvDU= sDU}U O}rwD

"Ov=xOW x�=Q= 7 pwOH QO pOt uwtR; w VRwt; Ov};Qi QO

w |v}Or=QNi |xar=]t =@ Q[=L VywSB |xOW xDN=U pOt |HvUCLY "5 pmW
[26]"�2019� u=Q=mty

� |WQ@ '|WQ@ pQDvm |=yQ=DiQ |xOv}=tv 'xOW pY=L Q}O=kt "CU= xOW ?=NDv= Q}D
'1=6 Mp=Vp R= QDtm Q}O=kt |=Q@ [36�34]"CU= Ovw}B Q}D |=Q@ |WtN w |WtN
|WtN CQwYx@ '2=6 Mp=Vp R= QDq=@ Q}O=kt |=Q@ &|WQ@ CQwYx@ Q}D Q=DiQ
[37]"OwW|t Qw_vt |WtN � |WQ@ pQDvm CQwYx@ Q=DiQ '|v}@=v}@ Q}O=kt |=Q@ w
xOvR w xOQt |xOQDUo Q=@ "OvDW=O xO=U uwDU x@ Q}D p=YD= w xv=yO xU '=y?=k |t=tD
kips 206 C=k@] |}xRQr sQH w kips=in 0=12 w kips=in 0=12 ?}DQD x@
VvD =@ A992 '=yu=tr= |x}rm |L=Q] CyH |iQYt Oqwi "CU= xOW Qw_vt
3 pwOH QO =y?=k |L=Q] G}=Dv "CU= xOW xDiQo Q_v QO 50 ksi uOW |Q=H
QF= CLD 'OpenSEES Q=Ri=sQv R= xO=iDU= =@ 'xar=]t OQwt ?=k "CU= xOW x�=Q=
Q=DiQ "CU= xOW |v=tR |xJN} Q=D |]NQ}e R}r=v; 'XNWt |xrRrR OQwmQ 15
|R=UpOt [27]'�2015� u=Q=mty w wmUw@ |xar=]t T=U= Q@ Ovw}B Q}D |]NQ}e
|OQmrta K]U =@ Q_=vDt (SF) T=}kt ?} Q[ 'xrRrR Qy <=R= x@ "CU= xOW
IDA R}r=v; R= xO=iDU= =@ [29]'ASCE41� 13 Q=}at T=U= Q@ (LS) |v=H |vt}=
=@ xU}=kt QO C=k@] u=mtQ}}eD |xv}W}@ |xv=}t 'C}=yv QO "CU= xOW x@U=Lt
|xU}=kt "OwW|t xOy=Wt 5 pmW QOOpenSEES Q=Ri=sQv R= pY=L G}=Dv
VywSB QO |R=UpOt R=i |i=m CkO |xOvyO|y=wo 'xOW xO=O V}=tv |=yQ=Owtv

"CU= Q[=L

|k}@]D |@Ya � |R=i OvtWwy sDU}U R= xO=iDU= "4
Q=DiQ ?} Q[ OQw;Q@ QO 23 (ANFIS)

'(R) Q=DiQ?} Q[|x@U=Lt|x]@=Q [25]'�2007� 24T}r}U=w=Q=m O=yvW}BT=U=Q@
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VwQ |=v@t Q@� |O=yvW}B pOt R= pY=L G}=Dv |xU}=kt "9 pmW
"VRwt; |=yxO=O QO |ak=w Q}O=kt w �Subtracting clustering

w �FCM VwQ |=v@t Q@� |O=yvW}B pOt R= pY=L G}=Dv |xU}=kt "10 pmW
"VRwt; |=yxO=O QO |ak=w Q}O=kt

|=Q@ FCM w Subtracting clustering pOt wO R= pY=L G}=Dv
T=U= Q@ "OwW|t xOy=Wt 10 w 9 |=ypmW QO ?}DQD x@ 'VRwt; |=yxO=O
Q}O=kt w pOt R= pY=L |=yxO=O u}@ |@U=vt Ck@=]t 'pOt wO Qy QO 'G}=Dv
xOW xDN=U pOt QO 'u}= OwHw =@ "OQ=O OwHw VRwt; |=yxO=O QO |ak=w
xOy=Wt pOt G}=Dv w |ak=w |=yxO=O u}@ |QDW}@ Ck@=]t FCM T=U= Q@

"OwW|t
28'=]N %pt=W '|irDNt |=yQ=}at R= 'pOt CkO w |}=Q=m |@=} RQ= Qw_vtx@
jr]tQOk u}ov=}t OYQO 30'=]N C=a@ Qt u}ov=}t |xW} Q 29'=]N u}ov=}t
Q}O=kt w pOt R= pY=L Q}O=kt u}@ 32|oDU@ty ?} Q[ w 31|@Uv |=y=]N
6 \@=wQ R= QwmPt |=yQ=}at R= l} Qy |x@U=Lt |=Q@ "CU= xOW xO=iDU= |ak=w
|=yxO=O |=Q@ 'QwmPt |=yQ=}at C=@U=Lt |xH}Dv "CU= xOW xO=iDU= 10 |r=
|=ypOt R= pY=L G}=Dv u}@ |oDU@ty "CU= xOW x�=Q= 8 pwOH QO VRwt;
xOy=Wt 12 w 11 |=ypmW QO VRwt; |=yxO=O |=Q@ |ak=w Q}O=kt w hrDNt

"OvwW|t

Error = qreal � qANFIS results (13)

"xOW xDN=U |=ypOt QDt=Q=B Q}O=kt w C=}YwYN "4 pwOH
C=}YwYN ẁv Q=Okt

Subtracting clustering VwQ
Cluster radius 0 75

Input membership function type gaussmf

Output membership function type Linear

Fuzzy C-Mean clustering (FCM) VwQ
Cluster numbers 5

Input membership function type gaussmf

Output membership function type Linear

FIS type Sugeno

Partition matrix exponent 2
Maximum number of iterations 1000

Minimum improvement 10�5

"Subtracting clusteringVwQT=U= Q@ xOWO=H}=ANFIS Q=DN=U"7pmW

"FCM VwQ R= xO=iDU= T=U= Q@ xOW O=H}= ANFIS Q=DN=U "8 pmW
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"xOW O=H}= ANFIS C=aq]= "5 pwOH
|R=i G=DvDU= sDU}U T}iv= C=YNWt

FCM Subtracticting clustering

79 149 Number of nodes

35 70 Number of linear parameters

60 120 Number of nonlinear parameters

95 190 Total number of parameters

6769 6769 Number of training data pairs

2257 2257 Number of test data pairs

5 10 Number of fuzzy rules

"pOt O=H}= QO xOW xO=iDU= |R=i |=yQorta "6 pwOH
|R=i G=DvDU= sDU}U |H=DvDU= Qorta

FCM Subtracticting clustering

Prod Prod AND

Probor Probor OR

Prod Prod Implication

Max Max Aggregation

Wtaver Wtaver Difuzzi�cation

"sD} Qwor= QO xOW xO=iDU= |=yxO=O u}ov=}t w xvt=O "7 pwOH
=yxO=O u}ov=}t =yxO=O |=yxvt=O |=yQDt=Q=B

uwtR; |=yxO=O VRwt; |=yxO=O uwtR; |=yxO=O VRwt; |=yxO=O |OwQw
11 79397 11 79598 3�20 3�20 ns

0 343819 0 343862 0 2�0 5 0 2�0 5 �

0 398351 0 398322 0 022135 82729 0 22135�0 82729 �

0 015402 0 015409 0 00362�0 06122 0 0036208�0 06122 �

5 0688 5 061676 0 952�12 0 952�12 Tp

3 76 3 81 0 462�12 0 35908�12 �R

3 329 3 523 1�12 1�12 R

"VRwt; |=yxO=O |=Q@ ANFIS hrDNt |=ypOt |@=} RQ= R= pY=L G}=Dv "8 pwOH
=]N |x@U=Lt VwQ |R=i G=DvDU= sDU}U O}rwD VwQ

R MARE Mean Error RMSE

0 874 0 2291 5 35 E� 09 1 1958 Subtractive clustering

0 876 0 2313 1 08 E� 08 1 1891 FCM
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Ot"uwtR; |=yxO=O |=Q@ T}iv= hrDNt |=ypOt |@=} RQ= R= pY=L G}=Dv "9 pwOH
=]N |x@U=Lt VwQ |R=i G=DvDU= sDU}U O}rwD VwQ

R MARE Mean Error RMSE

0 877 0 2302 2 49 E� 02 1 2037 Subtractive clustering

0 883 0 2305 2 48 E� 02 1 1760 FCM

VwQ |=v@t Q@� |O=yvW}B pOt R= pY=L G}=Dv |xU}=kt "13 pmW
"VRwt; |=yxO=O QO |ak=w Q}O=kt w �Subtracting clustering

w �FCM VwQ |=v@t Q@� |O=yvW}B pOt R= pY=L G}=Dv |xU}=kt "14 pmW
"VRwt; |=yxO=O QO |ak=w Q}O=kt

pOt |HvUQ=@Da= "5
pt=W 'uwtR; |=yxO=O R= 'xOW O=H}= |=ypOt V}=tR; w |HvUQ=@Da= Qw_vtx@
G}=Dv "CU= xOW xO=iDU= 'OyO|t p}mWD =Q =yxO=O pm �25 ,=OwOL xm xDUO 2257
xOy=Wt 14 w 13 |=ypmW QO uwtR; |=yxO=O |=Q@ hrDNt |=ypOt R= pY=L
u}@ |QDW}@ j@=]D 'FCM T=U= Q@ xOW O=H}= pOt QO =yu; j@=]t xm 'OvwW|t

"OQ=O OwHw |ak=w Q}O=kt w �pOt R= pY=L G}=Dv� xOW |v}@V}B |=yxO=O
|=yQ=}at 'VRwt; |=yxO=O Ovv=ty 'uwtR; |=yxO=O QO pOt |@=} RQ= Qw_vtx@
G}=Dv w x@U=Lt R w MARE% 'Mean Error 'RMSE pt=W swUQt |=]N
O=H}= pOt xm OwW|t xOy=Wt ,=OOHt "CU= xOW x�=Q= 9 pwOH QO xOt; CUO x@

"OQ=O |QDW}@ CkO 'FCM VwQ R= xO=iDU= =@ xOW

VwQ� |O=yvW}B pOt R= pY=L G}=Dv |oDU@ty "11 pmW
"VRwt; |=yxO=O QO |ak=w Q}O=kt w �Subtracting clustering

|ak=w Q}O=kt w �FCM VwQ� |O=yvW}B pOt R= pY=L G}=Dv|oDU@ty "12 pmW
"VRwt; |=yxO=O QO

Mean Error = Error
N

(14)

RMSE =
rP

Error2
N

(15)

Error =
P
Error
N

(16)

'OwW|t xOy=Wt 8 pwOH QO xm xvwou=ty "CU=yxO=O xDUO O=OaD N '=yu; QO xm
VwQ T=U= Q@ xOW O=H}= pOt 'VRwt; |=yxO=O |=Q@ |oDU@ty ?} Q[ Q=Okt
|QDj}kO G}=Dv xm OwW|t \=@vDU= wQ u}= R= "OyO|t u=Wv =Q |QDq=@ Q=Okt FCM

pOt T=U= Q@ xOW xO=iDU= |=yxO=O |xOwOLt QO Q=DiQ ?} Q[ |v}@V}B |=Q@
"CU= xOW x�=Q= FCM
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yt xH}Dv '9 pwOH QO GQOvt |=]N |=yQDt=Q=B |UQQ@ =@ 'u}vJty "OQ=O OwHw
C@Uv |QDtm |=]N C=a@ Qt u}ov=}t w =]N u}ov=}t 'FCM xm OwW|t xDiQo
QDtm FCM pOt QO R}v =]N C=Q}}eD |xOwOLt 'u}vJty &OQ=O =ypOt Q}=U x@

"CU=

|Q}oxH}Dv "6
l} 'EBF |=y?=k R= |yHwD p@=k O=OaD |xar=]t R= TB 'Q[=L VywSB QO
x}yD |]NQ}e |m}t=v}O R}r=v; CLD 'xO=O 12960 pt=W '`}Uw |xO=O lv=@
� |@Ya |H=DvDU= sD} Qwor= |v}@V}B |=Q@ 'xO=O 12960 u=}t R= "CU= xOW
T=U= Q@ =ypOt Q}=U "OvOW xO=iDU= xO=O 9027 'ANFIS sDU}U QO |R=i
=@ '|]NQ}e |=ypOt |[=} Q |=y|Q=O}=B=v hPL uOQm Qw_vt uwJ |rt=wa
pOt |Ovtv=wD |iQat Q@ |rY= O}m -=D "OvOW hPL xO}J}B Ov}=Qi l} s=Hv=
|=yp}rLD |x}=B Q@ xm 'CU= |L=Q] |=yVwQ ?wJQ=yJ =@u; j}@]D QO |O=yvW}B
|=yxR=U Q=DiQ ?} Q[ OQw;Q@ |=Q@ 'xOW O}rwD OvtWwy pOt "OvDUy Q=wDU= |a=HDQ=
%R= |]NQ}e `@=D l} w xOW x�=Q= l}ORv |xRwL |=yxrRrR QO EBF |Oqwi
C@Uv 'xR=U ?w=vD |xQwO '=yuwDU |DNU '=yOv@ Q=yt |Qeq 'C=k@] O=OaD
s=@ |Q}PBpmW w 'K=Q] Q_vOQwt OQmrta K]U 'Q}D pm pw] x@ Ovw}B pw]
Subtrac- |=yVwQ R= 'pOt u} QDj}kO w u} QDy@ O=H}= Qw_vtx@ "CU= xOw@
Q@ "CU= xOW xO=iDU= Fuzzy C-Mean clustering w tive clustering

pOt x@ C@Uv |QDj}kO G}=Dv 'FCM T=U= Q@ xOW O=H}= pOt 'G}=Dv T=U=
'xOW xO=iDU= |=yxO=O |xOwOLt QO 'xOW x�=Q= pOt "CU= xO=O CUO x@ Qo}O
=@ |=yxR=U Q=DiQ ?} Q[ OQw;Q@ |=Q@ u; R= u=wD|t w CU= OvtWwy pOt l}
?} Q[ R= 'pOt OQmrta |@=} RQ= |=Q@ "OQm xO=iDU= =Qo =w |Ov@ Q=yt |Ov@ Qm}B
C=a@ Qt u}ov=}t |xW} Q xrtH R= '=]N |x@U=Lt swUQt |=yQ=}at w |oDU@ty
|oDU@ty ?} Q[ "CU= xOW xO=iDU= |@Uv |=]N jr]tQOk u}ov=}t w =]N
0 883 =@ Q@=Q@ FCM T=U= Q@ xOW x�=Q= OvtWwy pOt |=Q@ uwtR; |=yxO=O QO
?} Q[ |v}@V}B x@ QO=k |@U=vt Q=}U@ CkO =@ pOt '?}DQD u}O@ "CU= xOw@
pOt R= xm OQm xi=[= u=wD|t "CU=Qo =w |Ov@ Q=yt |Ov@ Qm}B =@ |=yxR=U Q=DiQ
|v}@V}B |=Q@ j}kO u} Ro}=H VwQ l} u=wvax@ u=wD|t xDi=} xaUwD OvtWwy
xO=iDU= l}ORv |xRwL |=yxrRrR CLD 'EBF |=yxR=U |=Q@ Q=DiQ ?} Q[

"OQm

VwQ� |O=yvW}B pOt R= pY=L G}=Dv |oDU@ty "15 pmW
"VRwt; |=yxO=O QO |ak=w Q}O=kt w �Subtracting clustering

|ak=w Q}O=kt w �FCM VwQ� |O=yvW}B pOt R= pY=L G}=Dv|oDU@ty "16 pmW
"VRwt; |=yxO=O QO

|=yxO=O |=Q@ |@ QHD Q}O=kt whrDNt |=ypOt R= pY=L G}=Dv u}@ |oDU@ty
pOt QO xm OvyO|t u=Wv G}=Dv "OwW|t xOy=Wt 16 w 15 |=ypmW QO uwtR;
|@ QHD Q}O=kt w pOt G}=Dv u}@ |QDW}@ |oDU@ty 'FCM R= xO=iDU= =@ xOW O=H}=

=yCWwv=B
1. Shimazaki
2. Leapage
3. castiglioni and zambrano
4. Krawinkler and Rahnama
5. Hall
6. Krawinkler
7. single degree of freedom
8. forward directivity
9. Hakan

10. black box
11. non-heuristic algorithms
12. Jang
13. fuzzy inference system
14. arti�cial neural network
15. membership degree
16. linguistic variables
17. product
18. normalized layer
19. Bosco
20. incremental dynamic analysis
21. Baker
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22. peak ground velocity
23. adaptive neuro-fuzzy inference system
24. Karavasilis
25. fuzzy inference system
26. subtracting clustering
27. fuzzy C-mean clustering
28. error
29. mean error
30. RMSE
31. AARE%
32. R
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