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9 58 2 11 4 54 3 1 4
8 34 2 07 4 03 3 1 8
7 02 1 89 3 71 3 1 12
11 22 1 81 6 20 5 2 4
10 98 2 67 4 11 5 2 8
9 16 2 71 3 38 5 2 12

j=iD= xOWQmP *|Q}tN VvQm xv}W}@ x@ uO}UQ R= p@k CU= umtt R}v
"CU= xOW xDiQo Q_v QO C=@U=Lt u}= QO Qr} w= Vv=tm xH}Dv QO 'ODi}@
'0 015H x@ s=@ R=QD|}=Hx@=Hu} QDW}@ 'xR=U|rm |Q}PBpmW OQwtQO
?}DQDx@ Q}O=kt u}= xm s}vm|t OwOLt R}v 0 02H x@ xU}=kt |=Q@ w

[3]"OvQ=O jraD VR} QwQi |xv=DU; w |v=H |vt}= OQmrta Kw]U x@

[5]C=@U=Lt G}=Dv "6
xOW xO=iDU= C=Lq]Y= w s�qa "1"6

&R=Ht VvD |L=Q] VwQ QO xR=U Q=DiQ ?} Q[ %R
Ctw=kt xi=[=?} Q[pt=W 'xR=U|}=yv|@v=HC}iQ_?} Q[ %RC

&(1 4) R=Ht VvD ?} Q[ w
QF= QO wQ}v Vy=m ?} Q[� xR=U |}xRQr C=H=}DL= ?} Q[ %RD

&�|Q}PBpmW
&xR=U C=k@] O=OaD %n

&?=k |xOW|Ov@ Q=yt |=yxv=yO O=OaD %m
&xOW|Ov@ Q=yt |xv=yO ZQa %l

&nv=} pwOt R= |OYQO CQwYx@ VvQm |oOWCNU OYQO %e2
|rYit p=YD= |vatx@ �0 R=� uwDU |=B p=YD= |Q=OQ}o OYQO %C

&�pt=m Q=OQ}o p=YD= |vatx@ �100 =D 'pt=m
pt=m |rYit p=YD= |vatx@ �0 R=� uwDU x@ Q}D p=YD= |Q}oOYQO %b

&�pt=m Q=OQ}o p=YD= |vatx@ �100 =D
&(m) s=@ R=QD u=mtQ}}eD |xv}W}@ %�Rmax

R= xm CU= QDt3 xk@]Qy `=iDQ= "(m) |B |wQ R= s=@ R=QD `=iDQ= %H
"O};|t CUO x@ H pm Q=Okt '3 QO xk@] O=OaD ?Q[

'CU= =yp}iwQB pwOH QO OwHwt `]=kt '|rY= `]=kt R= Qw_vt
w |rY= `]=kt u}@ xOWh} QaD `]=kt R= Ov=CQ=@a |aQi `]=kt w

"OW xO=O K}[wD |r@k VN@ QO xm |rY= `]=kt OwN u}vJty
%R= Ov=CQ=@a xOW x�=Q= pwOH QO xDiQ Q=m x@ s�qa

xO=iDU= =yOv@ Q=yt w =yuwDU '=yQ}D |=Q@ |rY= `]=kt R= %O = 1
"CU= xDiQ Q=mx@ wo?=wH `]kt pk=OL xk@] Qy QO w xOW

xO=iDU= =yOv@ Q=yt w =yuwDU '=yQ}D |=Q@ |rY= `]=kt R= %O = 4
|va} 'CU= xDiQ Q=mx@ wo?=wH `]kt pk=OL 'xk@]4 Qy QO w xOW

"OQ}o|t CQwY xk@]4 Qy QO Ov@ Q=yt =} uwDU `]kt Q}}eD
=yOv@ Q=�y�t w =yuw�DU '=yQ}D |=Q@ |rY= `]=�kt R= %O = 15
Q}=�U QO 'xk@] u�}rw= QO w�o?=w�H `]�kt pk=O�L w xOW xO=�iDU=

"C�U= xDiQ Q=mx@ R}v C=�k@]
xO=iDU= =yOv@ Q=yt w =yuwDU '=yQ}D |=Q@ |aQi `]=kt R= %P = 1

"CU= xDiQ Q=mx@ wo?=wH `]kt pk=OL xk@] Qy QO w xOW
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|Qwie |Oyt w QP;jO=Y O}Ht

'b = �40 'c = �80 'e2 = �5 %|QO�@ Q�[ |Ov@ Q=�y�t "6 pwOH
"P = 1 '�Rmax = 0 015H

R RD RC L m n
12 29 1 41 8 72 5 1 2
10 88 1 94 5 61 5 1 4
10 15 2 38 4 26 5 1 6
10 54 2 97 3 55 5 1 8
10 27 3 26 3 15 5 1 10
8 88 2 89 3 07 5 1 12
6 99 1 55 4 51 5 1 15
10 60 1 97 5 38 4 1 4
9 82 2 36 4 16 4 1 8
8 58 2 95 2 91 4 1 12
9 58 2 11 4 54 3 1 4
8 40 2 10 4 00 3 1 8
7 02 1 89 3 71 3 1 12
11 24 1 81 6 21 5 2 4
11 01 2 68 4 11 5 2 8
9 24 2 71 3 41 5 2 12

'b = �20 'c = �80 'e2 = �2 %|QO�@ Q�[ |Ov@ Q=�y�t "7 pwOH
"P = 1 '�Rmax = 0 015H

R RD RC L m n
10 64 1 41 7 54 5 1 2
10 24 2 02 5 07 5 1 4
9 97 2 40 4 15 5 1 6
10 40 3 08 3 38 5 1 8
10 17 3 32 3 06 5 1 10
8 61 2 96 2 91 5 1 12
6 26 1 67 3 75 5 1 15
10 10 2 04 4 95 4 1 4
9 63 2 74 3 51 4 1 8
8 43 3 01 2 80 4 1 12
9 29 2 18 4 26 3 1 4
8 29 2 19 3 79 3 1 8
6 88 1 92 3 58 3 1 12
10 93 1 89 5 78 5 2 4
10 89 2 76 3 94 5 2 8
9 13 2 81 3 25 5 2 12

'b = �20 'c = �80 'e2 = �7 %|QO�@ Q�[ |Ov@ Q=�y�t "8 pwOH
"P = 1 '�Rmax = 0 015H

R RD RC L m n
13 37 1 41 9 48 5 1 2
11 13 1 84 6 05 5 1 4
10 54 2 32 4 55 5 1 6
10 66 2 88 3 7 5 1 8
10 43 3 16 3 30 5 1 10
9 19 2 87 3 21 5 1 12
7 76 1 47 5 28 5 1 15
11 00 1 92 5 73 4 1 4
9 98 2 18 4 58 4 1 8
8 59 2 86 3 00 4 1 12
9 67 2 09 4 63 3 1 4
8 47 2 01 4 21 3 1 8
7 11 1 83 3 89 3 1 12
11 58 1 70 8 16 5 2 4
11 04 2 61 4 23 5 2 8
9 31 2 63 3 54 5 2 12

'b = �20 'c = �0 'e2 = �5� |QO�@ Q�[ |Ov@ Q=�y�t "3 pwOH
"�P = 1 '�Rmax = 0 015H

R RD RC L m n
12 26 1 41 8 70 5 1 2
10 88 1 94 5 61 5 1 4
10 22 2 37 4 32 5 1 6
10 64 2 93 3 63 5 1 8
10 21 3 23 3 16 5 1 10
8 90 2 89 3 08 5 1 12
6 72 1 49 4 51 5 1 15
10 66 1 97 5 41 4 1 4
9 94 2 38 4 17 4 1 8
8 55 2 97 2 88 4 1 12
9 58 2 11 4 54 3 1 4
8 42 2 09 4 03 3 1 8
7 02 1 89 3 71 3 1 12
11 24 1 81 6 21 5 2 4
10 98 2 67 4 11 5 2 8
9 16 2 71 3 38 5 2 12

'b = �20 'c = �60 'e2 = �5 %|QO�@ Q�[ |Ov@ Q=�y�t "4 pwOH
"P = 1 '�Rmax = 0 015H

R RD RC L m n
12 28 1 41 8 71 5 1 2
10 83 1 94 5 58 5 1 4
10 15 2 38 4 27 5 1 6
10 53 2 97 3 55 5 1 8
10 30 3 26 3 16 5 1 10
8 84 2 88 3 07 5 1 12
6 99 1 55 4 51 5 1 15
10 60 1 97 5 38 4 1 4
9 94 2 38 4 17 4 1 8
8 53 2 96 2 88 4 1 12
9 56 2 12 4 51 3 1 4
8 36 2 09 4 00 3 1 8
7 02 1 89 3 71 3 1 12
11 20 1 81 6 19 5 2 4
10 95 2 67 4 10 5 2 8
9 20 2 71 3 39 5 2 12

'b = �20 'c = �80 'e2 = �5 %|QO�@ Q�[ |Ov@ Q=�y�t "5 pwOH
"P = 1 '�Rmax = 0 015H

R RD RC L m n
12 29 1 41 8 72 5 1 2
10 83 1 94 5 58 5 1 4
10 15 2 38 4 27 5 1 6
10 52 2 97 3 54 5 1 8
10 27 3 26 3 15 5 1 10
8 88 2 89 3 07 5 1 12
6 98 1 55 4 50 5 1 15
10 60 1 97 5 38 4 1 4
9 86 2 37 4 16 4 1 8
8 53 2 96 2 88 4 1 12
9 56 2 12 4 51 3 1 4
8 40 2 10 4 00 3 1 8
7 02 1 89 3 71 3 1 12
11 20 1 81 6 19 5 2 4
10 98 2 67 4 11 5 2 8
9 20 2 71 3 39 5 2 12
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""" |xOW|Ov@ Q=yt |=yxR=U Q=DiQ ?} Q[ |x@U=Lt

'b = �20 'c = �80 'e2 = �5 %|QO�@ Q�[ |Ov@ Q=�y�t "14 pwOH
"p = 1 '�Rmax = 0 02H

R RD RC L m n
13 46 1 41 9 55 5 1 2
13 00 2 09 6 22 5 1 4
12 32 2 59 4 76 5 1 6
13 03 3 32 3 93 5 1 8
11 96 3 49 3 43 5 1 10
9 09 2 97 3 56 5 1 12
6 98 1 55 4 50 5 1 15

'b = �20 'c = �80 'e2 = �5 %xvwQ=w pmW V |Ov@ Q=�y�t "15 pwOH
"p = 1 '�Rmax = 0 015H

R RD RC L m n
9 19 1 41 6 52 5 1 2
10 85 1 93 5 62 5 1 4
10 15 2 36 4 30 5 1 6
10 83 2 91 3 72 5 1 8
10 61 3 14 3 38 5 1 10
9 29 2 69 3 45 5 1 12
7 91 1 93 4 10 5 1 15

?} Q[ Q=OktV}=Ri=Ea=@ xv=yO ZQaVy=m|rw 'CU=R?} Q[
CW=O Oy=wN |QDW}@ |Q}PBpmW xR=U h=l V}=Ri= =@ "OwW|t RD

�"CU= xOW |Ov@ Q=yt |xv=yO pw] l w xk@] `=iDQ= h�
Q=DiQ ?} Q[ Q@ Cq=YD= |Q=OQ}o OYQO QF= "5"6

uOW=QH= Q=OQ}oxt}v xm OwW|t xOy=Wt xOWO=} pw=OH x@ xaH=Qt =@
|xOW|Ov@ Q=yt |=yxR=U QO |rYit Cq=YD= |=H x@ 'Cq=YD=
RD wRC ?}=Q[ =} Q=DiQ?} Q[ Q=Okt Q@ |UwULt Q}F-=D '|QO@ Q[
Cq=YD= |=Q@ sy w uwDU x@ Q}D Cq=YD= |=Q@ sy xH}Dv u}= "OQ=Ov

"Ot; CUOx@ uwDU |=B
?=k =[a= QO QD|wk `]=kt R= xO=iDU= QF= "6"6

?} Q[ V}=Ri= Ea=@ xOW xO=iDU= `]=kt O=a@= V}=Ri= |rm Qw]x@
RD ?} Q[Vy=m Ea=@ `]=kt V}=Ri= u}= xD@r= &OwW|t xR=U Q=DiQ
V}=Ri= \ki w OwW|t �CU= xDiyv ?} Q[ u}= QO R}v |Q}PBpmW xm �

"OwW|t Q=DiQ ?} Q[ V}=Ri= Ea=@ xR=U Ctw=kt xi=[=
s=@ R=QD |}=Hx@=H |xv}W}@ V}=Ri= QF= "7"6

xR=U `=iDQ= �1 5 R= |}=yv Cr=L QO s=@ R=QD |}=Hx@=H xv}W}@ Qo =
|v=H |vt}= R= xR=U OQmrta K]U Qo = |va}� O@=} V}=Ri= �2 x@
�17 =D xv}W}@ Q=DiQ ?} Q[ Q}O=kt �O@=} Q}}eD VR} QwQi |xv=DU; x@
QO |W}=Ri= I}y OQ=wt |[a@ QO CU= umtt xD@r= "O@=}|t V}=Ri=
|m} |Q}PBpmW xm CU= |Dr=L u; w OwWv pY=L ?} Q[ u}= Q=Okt
xR=U `=iDQ= �1 5 x@ s=@ R=QD |}=Hx@=H xmu; R= p@k xR=U <=[a= R=

"OwW QDW}@ xOWXNWt OL R= 'OUQ@

'b = �20 'c = �80 'e2 = �5 %|QO�@ Q�[ |Ov@ Q=�y�t "9 pwOH
"O = 1 '�Rmax = 0 015H

R RD RC L m n
14 20 1 41 10 07 5 1 2
11 09 1 87 5 93 5 1 4
10 73 2 28 4 70 5 1 6
10 80 2 81 3 85 5 1 8
10 34 3 17 3 26 5 1 10
9 16 2 79 3 28 5 1 12
7 41 1 46 5 08 5 1 15

'b = �20 'c = �80 'e2 = �5 %|QO�@ Q�[ |Ov@ Q=�y�t "10 pwOH
"O = 4 '�Rmax = 0 015H

R RD RC L m n
14 21 1 41 10 08 5 1 2
11 71 1 69 6 93 5 1 4
11 75 2 14 5 48 5 1 6
10 97 2 73 4 01 5 1 8
10 41 3 11 3 35 5 1 10
9 21 2 78 3 31 5 1 12
7 44 1 46 5 10 5 1 15

'b = �20 'c = �80 'e2 = �5 %|QO�@ Q�[ |Ov@ Q=�y�t "11 pwOH
"p = 4 '�Rmax = 0 015H

R RD RC L m n
12 29 1 41 8 72 5 1 2
11 46 1 74 6 59 5 1 4
10 85 2 27 4 79 5 1 6
10 77 2 81 3 83 5 1 8
10 31 3 22 3 20 5 1 10
9 10 2 81 3 24 5 1 12
7 16 1 53 4 68 5 1 15

'b = �20 'c = �80 'e2 = �5 %|QO�@ Q�[ |Ov@ Q=�y�t "12 pwOH
"O = 15 '�Rmax = 0 015H

R RD RC L m n
14 21 1 41 10 08 5 1 2
11 71 1 69 6 93 5 1 4
12 07 2 08 5 81 5 1 6
11 30 2 61 4 32 5 1 8
10 48 3 09 3 39 5 1 10
9 42 2 67 3 53 5 1 12
7 45 1 41 5 28 5 1 15

'b = �20 'c = �80 'e2 = �5 %|QO�@ Q�[ |Ov@ Q=�y�t "13 pwOH
"p = 15 '�Rmax = 0 015H

R RD RC L m n
12 29 1 41 8 72 5 1 2
11 46 1 74 6 59 5 1 4
11 01 2 25 4 90 5 1 6
10 97 2 72 4 03 5 1 8
10 36 3 20 3 24 5 1 10
9 24 2 79 3 31 5 1 12
7 21 1 49 4 84 5 1 15
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|Qwie |Oyt w QP;jO=Y O}Ht

x@ Q}D |Q=OQ}o OYQO C=Q}}eD =@ Rc 'Rd 'R ?}=Q[ |UQQ@ "4 Q=Owtv
'p = 1 QDt 5 xv=�yO =@ xk@�] 8 ?=�k |QO�@ Q�[ |Ov@ Q=�y�t uwD�U

"e2 = �5 'C = �80

|oOWCNU OYQO C=Q}}eD =@ Rc 'Rd 'R ?}=Q[ |UQQ@ "5 Q=Owtv
'p = 1 QDt 5 xv=�yO =@ xk@] 8 ?=�k |QO@ Q�[ |Ov@ Q=y�t VvQ�m

"C = �80 'b = �20

`=iDQ= QO `]kt Z}waD C=Q}}eD =@ Rc 'Rd 'R ?}=Q[ |UQQ@ "6 Q=Owtv
'C = �80 'b = �20 QDt 5 xv=yO =@ xk@] 8 ?=k |QO@ Q�[ |Ov@ Q=�yt

"e2 = �5

|Ov@ Q=�yt |=Q@ C=k@] O=OaD C=Q}}eD =@ Rc ?} Q�[ |UQQ�@ "7 Q=Owtv
"e2 = �5 'C = �80 'b = �20 'p = 1 pmW 8 w |QO@ Q[

V}=Ri= Q@ xwqa '|}=Hx@=H C}OwOLt u}= uOQm xi=[= OQ=wt QO
"Ov@=}|t V}=Ri= R}v RD w RC ?}=Q[ 'R ?} Q[

pmW � =@ *|QO?Q[ |=y|Ov@ Q=yt |xU}=kt "8"6
?} Q[ pmW � |Ov@ Q=yt =@ =y?=k 'xk@] 6 R= QDW}@ |=yxR=U QO
|QO@ Q[ |xOW|Ov@ Q=yt |=y?=k Q=DiQ ?}=Q[ R= QDnQR@ |Q=DiQ
QO |rw xOQmv |Q}}eD ,=@} QkD R?} Q[ 'xk@] 6 w 4 |=y?=k QO "OQ=O
|QDnQR@ Q=DiQ?} Q[ '|QO@ Q[ |xOW|Ov@ Q=yt ?=k 'xk@] 2 ?=k
R= QDW}@ |QO@ Q[ |xOW|Ov@ Q=yt |=y?=k QO RD ?} Q[ "OQ=O
"CU= Cw=iDt xk@] 15 ?=k |=Q@ xH}Dv u}= "CU= pmW �|Ov@ Q=yt
"CU= xOW xYqN �9 |r= 1� |=yQ=Owtv QO xOt; CUOx@ G}=Dv

|Ov@ Q=yt C=k@] O=OaD C=Q}}eD =@ Rc 'Rd 'R ?}=Q[ |UQQ@ "1 Q=Owtv
"|QO@ Q[

|Ov@ Q=yt xv=yO ZQa C=Q}}eD =@ Rc 'Rd 'R ?}=Q[ |UQQ@ "2 Q=Owtv
"e2 = �5 'C = �80 'b = �20 'p = 1 xk@] 8 ?=k |QO@ Q[

|=�B |Q=OQ}�o OYQO C=Q}}eD =@ Rc 'Rd 'R ?}=Q[ |UQQ@ "3 Q=Owtv
'p = 1 QDt 5 xv=�yO =@ xk@�] 8 ?=�k |QO�@ Q�[ |Ov@ Q=�y�t uwD�U

"e2 = �5 'b = �20
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""" |xOW|Ov@ Q=yt |=yxR=U Q=DiQ ?} Q[ |x@U=Lt

OUQ|t Q_v x@ xOt; CUOx@ G}=Dv w xR=U OQmrta Kw]U x@ xHwD =@
|xrRrR |xt=vu}}; QO xm �� Qo}Om} R= xR=U wO |xv}tm |xrY=i xm
sm �� CU= xOW xDiQo Q_v QO xR=U `=iDQ= �1 �1376� u=Q}= 2800

"OwW Qo}Om} x@ xR=U wO OQwNQ@ Ea=@ CU= umtt w OW=@
?} Q[ |x@U=Lt |=Q@ |Dw=iDt |=yVwQ xm CU= QmP u=}=W
G}=Dv "OW=@ xDW=O |Dw=iDt ,=D@Uv G}=Dv Ov=wD|t xm OQ=O OwHw Q=DiQ
O=H}=?} Q[ u}= QO|D=Q}}eD Ov=wD|t R}v xrRrR|v=tR |xJN} Q=D p}rLD
x@ xHwD =@ Q=DiQ ?} Q[ Q=Okt |oOvm =QB CU= K[=w xJv; |rw 'Ovm

"CU= xR=U hrDNt |=yQDt=Q=B

|Q}oxH}Dv
QDsm |=yxR=U Q=DiQ ?} Q[ xm OwW|t xOy=Wt xOt; CUOx@ G}=Dv =@
QDW}@ =yxt=vu}}; QO xOW QmP ?}=Q[ R= OQ=wt QDW}@ QO xk@]15 R=
Q_v QO 6 pO=at ?} Q[ u}= xm u=Q}= |xt=vu}}; QO XwYNx@� CU=

"�CU= xOW xDiQo
|=Q@ �6 OOa� C@=F ?} Q[ l} R= xO=iDU= xm CU= u}= Qo}O |xH}Dv
Q=m �xO=U ?=k =@� |Oqwi QwLtsy |xOW|Ov@ Q=yt |=yxR=U |x}rm
R}v OQ=wt|mOv= QO w |O=YDk=Q}e xR=U OQ=wt QDW}@ QO wCU}v |DUQO
"OW=@ xDW=Ov xrRrR Q=DiQ Q@=Q@ QO |@ wN u=v}t]= ?} Q[ CU= umtt

`@=vt
|=yu=tDN=U|}xRQr|R=Uy@ptar=QwDUO� "|R} Qxt=vQ@ wC} Q}Otu=tR=U "1

"�1381 O=OQN� 'xrRrR |rrtr=u}@ x=oWywSB '�OwHwt
|}xRQr |R=Uy@ ptar=QwDUO Q}UiD� "|R} Qxt=vQ@ w C} Q}Ot u=tR=U "2

"�1381 Qyt� 'xrRrR |rrtr=u}@ x=oWywSB '�OwHwt |=yu=tDN=U
3. Freeman, S. A., \On The correlation of code

force to earthquake demands", Proc. Of The
4th U. S. { Japan Workshop on Improvement

of Building Structural Design and Construction
Practices, ATC 15-3 (1990).

4. Lee. D. G., Song. J. K and Yun. C. B., \Esti-
mation of System { Level Ductility Demands for
Multi Story Structures", J. of Engineering Struc-
tures, 19, (12), pp. 1025-1033 (1997).

QwLtsy xOW|Ov@ Q=yt |=yxR=U Q=DiQ?} Q[ x@U=Lt� "|Oyt '|Qwie "5
'u=QyD x=oWv=O '|vi xOmWv=O 'OWQ= |U=vWQ=m |xt=vu=}=B '�|Oqwi
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