
h}
QWu

=Qta
|U

Ovyt
80

�65
"X

'2|
xQ=t

W'
28

�2
|xQ

wO

O
ri

gi
na

lA
rt

ic
le|=yQo =Q}t OQ@ Q=m |=Q@ |O=yvW}B Q=�DiQ ?} Q[

|WtN |=y?=k QO l}DUq=wmU} w |k=Lr=
u; |@=} RQ= w |Oqwi |xS}w

�|QDmO |wHWv=O� xO=RQy=wH O}aU
u=QyD C=k}kLD w swra OL=w '|tqU= O=R; x=oWv=O

�O=DU=� �xO=Rs}LQ Z=}i
h} QW |DavY x=oWv=O 'u=Qta |UOvyt |xOmWv=O

Q=Okt Vy=m |=Q@ '|L=Q] w p}rLD |=yOQ=Ov=DU= QO R Ctw=kt Vy=m ?} Q[ R=
=@ =yu; x@ |OwQw |}xRQr |SQv= hqD= |=Q@ =yxR=U C}iQ_ R= xO=iDU= w |L=Q] |=ywQ}v
QO |irDNt |=yQDt=Q=B "OwW|t xO=iDU= Kr=Yt |]NQ}e Q=DiQ |xOwOLt x@ uOWOQ=w

R= |W=v Ctw=kt Vy=m ?} Q[ x@ u=wD|t xrtH u; R= xm OvQF-wt ?} Q[ u}= Q=Okt u}}aD
R= xO=iDU= '|iQ] R= "OQm xQ=W= """w sDU}U |v}at=v 'uwRi= Ctw=kt '|Q}PBpmW

QO Q}PB=vl}miD |�RH x@ G} QODx@ |k=Lr= |=yQo =Q}t ,=YwYN |SQv= hqD= |=ysDU}U
x@ RyHt |}xR=U |=ysDU}U |L=Q] \@=w[ u}vJty "CU= xOW p}O@D |}xRQr |L=Q]
x�=Q= ASCE7-05 xrtH R= '|}xRQr |Q=PoQ=@ |=yxt=vu}}; R= |NQ@ QO C=R}yHD ẁv u}=
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0(1 05� 1 1� 1) |ak=w uwRi= Ctw=kt ?} Q[ 
01 x}rw= uwRi= Ctw=kt ?} Q[ Qo =Q}t V}=Ri= C@Uv =y?=k `=wv=

CN=wvm} Q=@ |wor= p=Owt Q=@ |wor= CN=wvm} Q=@ |wor= p=Owt Q=@ |wor= ��� |k=Lr= �xk@]�
3 53 3 33 3 06 2 89 |k=Lr= Qo =Q}t uwO@

43 68 3 51 3 18 3 04 5
3 78 3 58 3 27 3 10 10
3 85 3 61 3 33 3 13 15
3 26 3 01 2 83 2 61 |k=Lr= Qo =Q}t uwO@

73 50 3 14 3 03 2 72 5
3 58 3 20 3 10 2 77 10
3 76 3 26 3 26 2 83 15
3 15 3 09 2 73 2 68 |k=Lr= Qo =Q}t uwO@

83 24 3 35 2 81 2 90 5
3 30 3 30 2 86 2 86 10
3 35 3 43 2 90 2 97 15
2 06 2 88 2 65 2 50 |k=Lr= Qo =Q}t uwO@

113 17 3 0 2 75 2 60 5
3 23 3 05 2 80 2 64 10
3 36 3 21 2 91 2 78 15
2 93 2 72 2 54 2 36 |k=Lr= Qo =Q}t uwO@

143 01 2 78 2 61 2 41 5
3 0 2 86 2 60 2 48 10
3 18 3 0 2 76 2 60 15
2 60 2 41 2 25 2 09 |k=Lr= Qo =Q}t uwO@

172 66 2 47 2 31 2 14 5
2 70 2 56 2 34 2 22 10
2 81 2 66 2 44 2 31 15

pY=L |y@=Wt G}=Dv R}v CN=wvm} Q=@ |wor= |=Q@ "O@=}|t Vy=m |k=Lr= Qo =Q}t
"CU= xOW

|k=Lr= |=yQo =Q}tR= |W=v Q=DiQ ?} Q[ u}}aD "9
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Qo =Q}t Ok=i |=y?=k Q=DiQ ?} Q[ Q}O=kt 'uwRi= Ctw=kt ?}=Q[ w |Q}PBpmW
1 |x]@=Q j@=]t ( �R) |k=Lr= Qo =Q}t |=Q=O |=y?=k Q=DiQ ?} Q[ w (R) |k=Lr=
|O=yvW}B |x]@=Q x@ xHwD =@ ',=D}=yv "CU= xOW x�=Q= 6 pwOH QO G}=Dv w x@U=Lt
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Qy=w

HO
}aU "|k=Lr= Qo =Q}t uwO@ w =@ =y?=k Q=DiQ ?} Q[ "6 pwOH

uOWxi=[= R= |W=v Q=DiQ ?} Q[ |k=Lr= Qo =Q}t =@ Q=DiQ ?} Q[ |k=Lr= Qo =Q}t uwO@ Q=DiQ ?} Q[ V}=Ri= u=R}t =y?=k `=wv=
(R�) |k=Lr= Qo =Q}t ( �R) (R) |k=Lr= Qo =Q}t �xk@]�

CN=wvm} Q=@ |wor= p=Owt Q=@ |wor= CN=wvm} Q=@ |wor= p=Owt Q=@ |wor= CN=wvm} Q=@ |wor= p=Owt Q=@ |wor= ���
1 088 1 101 10 56 10 27 9 70 9 32 5

41 152 1 136 11 18 10 59 9 70 9 32 10
1 293 1 292 12 55 12 05 9 70 9 32 15
1 108 1 083 7 98 8 47 7 20 7 82 5

71 183 1 149 8 52 8 99 7 20 7 82 10
1 374 1 295 9 70 10 13 7 20 7 82 15
1 06 1 13 7 42 6 33 7 0 5 60 5

81 107 1 146 7 75 6 43 7 0 5 60 10
1 248 1 30 8 74 7 30 7 0 5 60 15
1 048 1 092 8 75 7 80 8 35 7 14 5

111 148 1 40 9 59 8 14 8 35 7 14 10
1 30 1 31 10 92 9 37 8 35 7 14 15
1 070 1 061 10 56 8 28 9 90 7 80 5

141 106 1 143 10 95 8 92 9 90 7 80 10
1 270 1 234 12 62 9 63 9 90 7 80 15
1 084 1 059 7 92 6 99 7 35 6 40 5

171 135 1 159 8 29 7 65 7 35 6 40 10
1 250 1 236 9 13 8 16 7 35 6 40 15
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|xJN} Q=D |m}t=v}O |=yp}rLD =@ G}=Dv |xU}=kt "10
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'�Pushover� |]NQ}e |m}D=DU= p}rLD VwQ R= xOt; CUOx@ G}=Dv |UQQ@ |=Q@
Ciy R= Qw_vt u}= |=Q@ "OwW|t xO=iDU= |]NQ}e |v=tR |xJN} Q=D |=yp}rLD R=
'7 pwOH j@=]t l =N |wQ Q@ pUo R= QwO |xrY=i QO xOWC@F |xrRrR OQwmQ
"CU= xOW xO=iDU= x}v=F 0 4�0 7 |xOwOLt QO l =N ?r=e ?w=vD |xQwO =@

"CU= xOW x�=Q= 13 pmW QO xrRrR |=yOQwmQ w ?=DW |=yh}]
|k=Lr= Qo =Q}t =@ xk@] Ciy ?=k l} '|O=yvW}B VwQ OQmrta pQDvm |=Q@
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}Q["Q=DWwv u}= QO xO=iDU=OQwt |xrRrR |=yOQwmQ C=YNWt "7 pwOH
l =N ẁv PGA pLt ẁkw M} Q=D Earthquake OQwmQ |xQ=tW

C 0 662 g Petrolia 1992 Cape Mendocino 1
C 0 503 g Duzce 1999 Duzce turkey 2
C 0 601 g Bonds corner 1979 Inperial Valley 3
C 0 727 g Chyozs 1999 Chi-Chi Taiwan 4
C 0 654 g Cilroy Atray 1989 Loma prieta 5
C 0 634 g Choyz 1999 Chi-Chi Taiwan 6
C 0 535 g Petrolia 1992 Cape Mendocino 7

CQwYx@ ?=k|rmT} RQDU}y|vLvt s}UQD w|]NQ}e|=yp}rLD s=Hv= R= Oa@
C@Uv 'xrRrR OQwmQQy |=Q@ s=@ u=mtQ}}eD x@C@Uv pw= |xk@] |x}=B VQ@ R= |Q=Owtv
Ciy ?=k x@ \w@ Qt T} RQDU}y |vLvt ,qFt "OW s=Ok= Q=DiQ ?} Q[ |x@U=Lt x@
|=Q@ "CU= xOW xO=O u=Wv 15 pmW QO 1 |xQ=tW xrRrR OQwmQ QF= CLD xk@]
u=wD|t T} RQDU}y |vLvt |wQ Q@ Q_vOQwt |=yu=mt Q}}eD x@ \w@ Qt \=kv u}}aD
N w L \=kv R= O}=@ =OD@= [19]"OQm xO=iDU= Chen w Lu \UwD xOWxDio VwQ R=
|ki= |=yQwLt =@ |R=wt |]w]N C@Ft w |ivt |xv}W}@ |=yu=mtQ}}eD x@ \w@ Qt
H w S \=kv QO =Q RmQt R= xOWsUQ T} RQDU}y \w]N ?v=Ht =D OQm sUQ s�=k w
OC w OM C@Ft w |ivt |xv}W}@ |=yu=mtQ}}eD Q}O=kt ?}DQD u}O@ "Ovvm `]k
w OB ?=k |rm s}rUD |ivt w C@Ft |xv}W}@ |=yu=mtQ}}eD Q}O=kt u}vJty w

"Ov};|t CUOx@ OF

|oOWCNU|x}L=v?v=Ht\w]N =@ RmQt R= xOWsUQ?v=Ht\N `]=kDpLt
=@ "�K w T \=kv� OvDUy |Q}tN pYit u}rw= p}mWD x@ \w@ Qt \=kv R}v |WvQm

%Ov};|t CUOx@ Q} R Q}O=kt '15 pmW w xOWxO=O C=L}[wD x@ xHwD
OC = �+

max = 24=75(mm); OM = ��max = 29 85(mm)

OB = �+
y = 18 35(mm); OF = ��y = 18 80(mm)

OA = �+
s = 10 10(mm); OE = ��s = 10 05(mm) (11)

xOW xO=iDU= 16 |r= 12 \@=wQ R= ?=k Q=DiQ ?} Q[ |x@U=Lt |=Q@ ',=D}=yv

"Q=DiQ ?} Q[ |x@U=Lt |=Q@ xk@] Ciy ?=k T} RQDU}y |vLvt "15 pmW

|v=tR |xJN} Q=D |m}t=v}O p}rLD QF= CLD '�15 w 10 '5 u=R}tx@ u; x@ |k=Lr=
OpenSees Q=Ri=sQv R= xO=iDU= =@ =yp}rLD |x}rm "CU= xDiQo Q=Qk|]N w|]NQ}e
|xJN} Q=D Cr=L QO |R=UpOt |=Q@ sRq |=yCtw=kt u}}aD |=Q@ "CU= xOW s=Hv=
R= xOt;CUOx@ pO=at |DNU w |}=Q}t R= pmWDt� u} wrm pOt R= |]NQ}e |v=tR
ẁv R= xDiQ Q=mx@ |=yu=tr= '|R=UpOt u}= QO [14w10]"CU= xOW xO=iDU= �1 pwOH

lQ=tw}v C@=F \UwDt ?=DW VwQ R= R}v sDU}U p}rLD w x} RHD |=Q@ w CU= |Q@}i
\@=w[ j@] xrRrR |=yOQwmQ |x}rm "CU= xOW xO=iDU= 
 = 0 5 w � = 0 25 =@
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"xk@] Ciy ?=k |=Q@ |]NQ}e |v=tR |xJN} Q=D |m}t=v}O |=yp}rLD G}=Dv "8 pwOH

R� R 
0 R� �
��s �+

s ��y �+
y ��max �+

max
C1

Q}}eD |xv}W}@ Q}}eD |xv}W}@ V}=Ri= u=R}t xQ=tW
(mm) (mm) (mm) (mm) (mm) (mm)

|a=HDQ= u=mt |a=HDQ=Q}e u=mt R= |W=v |}=Q}t OQwmQ
(mm) (mm) ��� |k=Lr= Qo =Q}t xrRrR

� 6 94 2 27 3 06 1 84 8 70 9 12 18 15 16 77 45 18 19 10 0 60 74 59 45 18 |k=Lr= Qo =Q}t uwO@

11 085 7 53 2 29 3 28 2 39 7 07 8 08 16 19 13 81 41 13 30 59 0 73 55 95 41 18 5
1 181 8 20 2 43 3 37 2 62 5 67 6 80 13 13 13 10 32 05 36 68 0 78 46 77 36 68 10
1 269 8 81 2 51 3 51 2 71 4 45 5 32 12 59 13 01 31 89 40 12 0 79 38 84 30 68 15

� 6 54 2 40 2 72 2 77 4 11 3 85 3 88 3 01 9 65 9 46 1 02 9 45 9 65 |k=Lr= Qo =Q}t uwO@

21 094 7 16 2 48 2 88 2 90 3 90 3 40 3 27 2 98 9 13 8 99 1 01 8 90 8 99 5
1 171 7 66 2 65 2 89 2 94 3 03 2 30 2 74 2 50 7 84 7 57 1 02 7 38 7 57 10
1 284 8 40 2 71 3 10 3 09 2 89 2 04 2 12 2 22 5 45 6 76 1 03 6 54 3 64 15

� 6 11 2 39 2 55 2 50 5 16 5 40 4 21 4 53 10 27 11 60 0 98 11 81 11 60 |k=Lr= Qo =Q}t uwO@

31 101 6 73 2 49 2 70 2 51 5 38 5 38 4 80 4 44 11 95 11 26 0 93 12 83 11 95 5
1 155 7 06 2 60 2 71 2 57 4 45 4 98 4 13 4 13 10 54 10 70 0 95 11 25 10 70 10
1 279 7 82 2 68 2 92 2 68 3 68 4 43 3 89 3 98 10 05 10 34 0 92 11 15 10 25 15

� 7 21 2 52 2 85 2 34 12 34 12 66 10 59 12 71 23 76 30 80 0 82 37 50 30 80 |k=Lr= Qo =Q}t uwO@

41 098 7 92 2 61 3 03 2 78 10 09 12 01 7 18 9 83 21 05 28 91 0 92 31 38 28 91 5
1 169 8 43 2 73 3 08 2 31 8 25 10 14 6 01 8 16 18 61 24 87 0 75 32 86 24 87 10
1 284 9 26 2 86 3 24 3 12 7 54 9 67 5 45 7 23 15 40 21 78 0 65 34 54 22 45 15

� 6 23 2 56 2 43 1 51 7 88 9 11 11 96 12 91 15 28 22 39 0 62 36 20 22 39 |k=Lr= Qo =Q}t uwO@

51 112 6 93 2 62 2 63 2 36 6 52 8 16 5 25 7 41 13 23 20 08 0 90 24 48 22 08 5
1 165 7 26 2 75 2 64 2 56 5 52 6 23 4 57 6 02 10 94 17 04 0 97 17 56 17 04 10
1 266 7 89 2 85 2 77 2 66 4 78 6 02 3 56 5 72 7 56 15 39 0 95 15 32 14 14 15

� 6 23 2 12 2 94 1 47 11 90 12 65 17 60 17 20 28 96 23 98 0 56 51 58 28 96 |k=Lr= Qo =Q}t uwO@

61 123 6 99 2 65 2 64 1 82 10 75 11 14 7 84 9 84 25 80 24 43 0 69 35 17 24 43 5
1 165 7 25 2 66 2 72 2 37 8 09 10 09 5 60 8 64 20 57 21 30 0 87 23 25 21 30 10
1 256 7 82 2 75 2 84 2 59 7 23 9 41 4 71 7 45 15 94 18 16 0 91 19 10 17 38 15

� 7 32 2 87 2 55 1 98 6 76 7 21 7 77 9 76 18 08 16 64 0 78 23 13 18 08 |k=Lr= Qo =Q}t uwO@

71 098 8 04 2 96 2 71 2 06 5 60 6 81 7 28 8 13 17 35 14 40 0 76 21 48 16 35 5
1 148 8 41 3 00 2 80 2 38 4 86 5 63 5 34 6 08 13 91 13 27 0 85 20 11 17 27 10
1 255 9 19 3 15 2 92 2 47 4 03 4 34 4 67 4 77 11 78 12 90 0 88 18 54 16 31 15
1 10 7 40 2 58 2 86 2 42 7 04 7 85 7 40 8 06 19 94 19 80 0 84 27 17 21 98 5 Q}O=kt
1 64 7 83 2 68 2 91 2 56 5 69 6 59 5 93 6 94 16 35 18 77 0 88 22 74 19 34 10 \UwDt
1 27 8 54 2 78 3 07 2 78 4 94 5 89 5 28 6 34 14 01 17 92 0 87 20 57 16 40 15
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"|UQQ@ OQwt |=y?=k QO uwRi= Ctw=kt ?} Q[ |=Q@ |]NQ}e |m}D=DU=

?} Q[ =OD@= '|]NQ}e |m}D=DU= p}rLD VwQ R= xO=iDU= =@ 'R� |k=Lr= Q=DiQ

0 x}rw= uwRi= Ctw=kt ?} Q[ TBU w 4 pwOH j@] R� |Q}PBpmW Ctw=kt
"OvOW u}}aD |k=Lr= Qo =Q}t =@ w |k=Lr= Qo =Q}t uwO@ |=y?=k |=Q@ 5 pwOH j@]
pwOH j@] R� |k=Lr= Q=DiQ ?} Q[ Q=Okt 3 |x]@=Q R= xO=iDU= =@ xt=O= QO
|=yQo =Q}t R= |W=v |i=[= |}=Q}t V}=Ri= =@ '8 pwOH T=U=Q@ "OW x@U=Lt 7
R� Q=DiQ ?} Q[ \UwDtQ}O=kt '�15 w 10 '5 u=R}t x@ l}DUq=wmU} w |k=Lr=
O=yvW}B 9 pwOH QO xOWx�=Q= CQwYx@ |WtN ?=k |Rri |=yu=tDN=U |=Q@

"OvwW|t
'8 pwOH j@] |]NQ}e |v=tR |xJN} Q=D p}rLD w x} RHD R= pY=L G}=Dv
|m}D=DU= p}rLD w x} RHD R= xrY=L G}=Dv =@ u; ?wN Q=}U@ j}@]D |xOvyOu=Wv
|k=Lr= Qo =Q}t R= |W=v |}=Q}t V}=Ri= QF= QO =]N u=R}t xm|Qw]x@ "CU= |]NQ}e
w �1 5 ?}DQDx@ '�15 w 10 u=R}tx@ u; V}=Ri= =@ w �1 1 x@ '�5 u=R}t x@
|v=tR |xJN} Q=D p}rLD w x} RHD s=Hv= =@ ?}DQD u}ty x@ "CU= xOW OwOLt �2 2
p}rLD w x} RHD R= xrY=L G}=Dv xm OwW|t xOy=Wt =y?=k |x}rm |=Q@ |]NQ}e
?} Q[ |=Q@ '|]NQ}e |v=tR |xJN} Q=D p}rLD w x} RHD w |]NQ}e |m}D=DU=
w �5 |k=Lr= |�=Q}t C@Uv |=Q@ uwRi= Ctw=kt ?} Q[ w |Q}PBpmW Ctw=kt
R= pY=L G}=Dv ?wN Q=}U@ j}@]D |xOvyOu=Wv 17 w 16 |=ypmW j@] '�10
�5 R= QDtm |=]N =@ |v=tR |xJN} Q=D |=yp}rLD R}v w |O=yvW}B R� ?} Q[

"CU=

[19]"CU=
� =

���+
max
��+
����max

�����+
y
��+
����y �� = 1 47 (12)

R� = �
C1

= 2 94 (13)


01 =
���+

y
��+
����y �����+

s
��+
����s �� = 1 84 (14)


0 = 
01 � F1 � F2 = 1 84� 1 05� 1 10 = 2 13 (15)

R = R� � 
0 = 2 13� 2 94 = 6 26 (16)

|xv}W}@ x@ |a=HDQ=Q}e u=mtQ}}eD |xv}W}@ C@Uv C1 '16 |r= 11 \@=wQ QO
uwRi= Ctw=kt ?} Q[ 
01 '|ak=w uwRi= Ctw=kt ?} Q[ 
0 '|a=HDQ= u=mtQ}}eD
��max w C@Ft |xv}W}@ u=mtQ}}eD �+

max '|W}=Ri= ?}=Q[ F2 w F1 'x}rw=
��y w ?=k |rm s}rUD C@Ft |xv}W}@ u=mtQ}}eD �+

y '|ivt |xv}W}@ u=mtQ}}eD
p}mWD x@ \w@ Qt C@Ft u=mtQ}}eD �+

s '?=k |rm s}rUD |ivt |xv}W}@ u=mtQ}}eD
|Q}tN pYit u}rw= p}mWD x@ \w@ Qt |ivt u=mtQ}}eD ��s w |Q}tN pYit u}rw=

[19w14]"OvDUy
|wQ Q@ OQwmQ Ciy \UwD C=@U=Lt u}= s=Hv= R= pY=L G}=Dv '8 pwOH
?} Q[ |x@U=Lt |=Q@ xm CU= sRq QmPD u}= "OyO|t u=Wv =Q xk@] Ciy ?=k

p}rLD w x} RHD w |]NQ}e |v=tR |xJN} Q=D p}rLD R= pY=L G}=Dv "16 pmW
"Q_v OQwt |=y?=k QO |Q}PBpmW Ctw=kt ?} Q[ |=Q@ |]NQ}e |m}D=DU=
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}aU Q=DiQ ?} Q[ u}}aD |=Q@ |]NQ}e |m}D=DU= p}rLD VwQ R= xO=iDU= ut[ Q=mu}=

|]NQ}e |m}t=v}O |=yp}rLD s=Hv= =@ xrY=L G}=Dv |}xR=U pOt l} |=Q@ 'Qw@ Rt
V}=Ri= =@ xm CU= u; |xOvyOu=Wv xrY=L G}=Dv "OW pQDvm R}v |v=tR |xJN} Q=D
|@} QkDQw]x@ |k=Lr= |=yQo =Q}t R= |W=v |}=Q}t |@}mQD |=y?=k QO |rY= l}DUq=
'=y?=k C=k@] O=OaD V}=Ri= =@ 'wLv u}ty x@ "O@=}|t V}=Ri= C@Uv u=ty x@
V}=Ri= |k=Lr= |=yQo =Q}t R= |W=v |}=Q}t C@=F V}=Ri= CyH x@ R}v QF-wt |DNU
�15 w 10 '5 u=R}t x@ |k=Lr= Qo =Q}t C@Uv V}=Ri= =@ |iQ] R= "Ci=} Oy=wN
\UwDt Qw]x@ R}v |]N |m}D=DU= VQ@ Q}O=kt \UwDt '|}xR=U |=ysDU}U QO
|}=Q}t V}=Ri= =@ 'Qw]u}ty "OvyO|t u=Wv Vy=m �29 w �23 '�14 ?}DQDx@
'�15 w 10 '5 u=R}t x@ =y?=k QO l}DUq=wmU} w |k=Lr= |=yQo =Q}t R= |W=v
w �14 5 w 8 '4 ?}DQDx@ u=mtQ}}eD R= |W=v |Q}PBpmW Ctw=kt ?} Q[ \UwDt
w 5 '4 R= V}@ ?}DQDx@ \UwDt Qw]x@ 
01 |ak=w Ctw=kt |xi=[= ?} Q[ Q}O=kt
u=R}tx@ |k=Lr= |=yQo =Q}t R= |W=v |}=Q}t V}=Ri= =@ "OvyO|t u=Wv V}=Ri= �8 5
Qw]x@ 'R� |k=Lr= |=yQo =Q}t x@ \w@ Qt MU=B p}OaD ?} Q[ Q}O=kt '�15 w 10 '5
OQw;Q@ xOWxDiQo Q_vQO |}xR=U |=y?=k |=Q@ 1 28 w 1 15 '1 09 =@ Q@=Q@ \UwDt
x} RHD w |]NQ}e |m}D=DU= p}rLD w x} RHD R= xrY=L G}=Dv |xU}=kt ',=D}=yv "Ov=xOW
"CU= G}=Dv pw@kp@=k j}@]D |xOvyOu=Wv '|]NQ}e |v=tR |xJN} Q=D p}rLD w

"R� |O=yvW}B Q}O=kt "9 pwOH
R� ���|k=Lr= Qo =Q}t R= |W=v |}=Q}t QO V}=Ri= Q=Okt
1 09 5
1 15 10
1 28 15

|=yQo =Q}t R=|W=vCtw=ktVy=m?} Q[ |O=yvW}B Q}O=kt 9 pwOH 'C}=yvQO
"OyO|t u=Wv =Q xS} w |Rri |WtN |=y?=k |=Q@ l}DUq=wmU} w |k=Lr=

|Q}oxH}Dv "11
wO|WtN ?=k |Oqwi|}xR=U pOt 7 R= xO=iDU= =@ xm xOWs=Hv= OwOLt |xar=]t QO
s=Hv= xrRrR |=yOQwmQ R= |OwOLt O=OaD w hrDNt |=yxv=yO w C=k@] O=OaD =@ |Oa)@
|=yQo =Q}t R= |W=v Ctw=kt Vy=m ?} Q[ |xrRvtx@ |@} Q[ u}}aD x@ C@Uv 'OW
|=Q@ "CU= xOW s=Ok= xS} w |Rri |WtN |=y?=k |=Q@ l}DUq=wmU} w |k=Lr=

CWwv=B
1. shear-storage modulus
2. shear-loss modulus
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Abstract
The response reduction factor (R) is employed in di�er-
ent seismic design and analysis codes to reduce the level
of design forces and utilize the existing capacity of struc-
tures in dissipating the seismic input energy caused by
the nonlinear behavior of structural systems. Di�erent
parameters are involved in �nding this factor, among
which the ductility related reduction factor, (R�), the
overstrength related reduction factor, (
0), the redun-
dancy related reduction factor, (Rr), and etc., could be
named. On the other hand, application of energy dis-
sipation systems, especially added dampers, has grad-

ually become an essential part of the seismic design of
structures. The design guidelines of buildings equipped
with these devices have already been provided in a num-
ber of seismic design codes, such as ASCE7-05. In this
paper, a so-called \Response Reduction Factor" is in-
troduced to take into account the e�ect of added vis-
coelastic dampers in dissipating input seismic energy in
special steel moment resisting frames, (R�). In that re-
gard, a number of 2-D SSMRF models, with a di�er-
ent number of bays and 
oors, are selected. The vis-
coelastic dampers are uniformly distributed along the
height of the structural models, employing a Kelvin ar-
rangement, in their mathematical modeling. Nonlinear
static analyses (pushover analyses) are used to determine
the \added damping related" response reduction factor,
(R�), for these structural models. Nonlinear dynamic
time history analyses are performed to investigate the
obtained results using seven far-�eld earthquake compo-
nents recorded on soil type C (dominant period of 0.4 to
0.7 second), based on the ASCE7-05 code. The results
show an increase in the ductility related reduction fac-
tor, (R�), as well as the overstrength reduction factor,
(
0), by increasing damping ratios of structural systems
caused by added viscoelastic dampers. Also, on average,
the response reduction factor, (R�), is determined to be
equal to 1.09, 1.15 and 1.28 for added damping ratios
of structural systems equal to 5%, 10%, and 15%, re-
spectively. The OpenSees program is used for numerical
analyses.

Key Words: viscoelastic dampers, response reduction
factor, nonlinear static analysis, nonlinear dynamic analysis.
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