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1�TMD� xOWs}_vD |tQH Qo =Q}t R= xO=iDU= =yxR=U p=aiQ}e pQDvm |=yVwQ R= |m}
Vy=m |@ wr]t OL =D xR=U QF-wt sQH R= |OYQO uOQmxi=[= =@ MU=B Q=Okt xm 'CU=

w '|DNU 'sQH |va} u; |=yQDt=Q=B uOQmXNWt pt=W Qo =Q}t u}= |L=Q] Ov}=Qi "O@=}|t
|tQH Qo =Q}t |L=Q] w xar=]t |xv}tR QO |rY= C=aw[wt R= |m} "CU= |}=Q}t

Tvq=@ |xrO=at T=U=Q@ xar=]t u}= QO "CU= u; |xv}y@ |=yQDt=Q=B uDi=} 'xOWs}_vD
?mQt sDU}U O=R=t |SQv= Q=Okt |R=Uxv}tm CyH |}x]@=Q |iQat ut[ 'xR=U QO |SQv=

|=Q@ Qo =Q}t |xv}y@ QDt=Q=B uDi=} CyH |Q=OhOy |OOa |wHwCUH 'Qo =Q}t w xR=U
?=DW Cr=L wO |=Q@ C=ar=]t u}= "CU= xOW s=Hv= xR=U |}xRQr |xv}W}@ MU=B Vy=m

C=ar=]t w xOt;CUOx@ G}=Dv u}@ |@ wN Ck@=]t w xDiQo CQwY xrRrR w l}vwtQ=y |x}=B
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"|]NQ}e Q=DiQ

xtOkt "1
xv}W}@ MU=B |xv}tm x@ |@=}CUO |=Q@ '1967 p=U QO [7�5]"CU= xOW xDiQo Q_v
QO [6]"CU= xOW s=Hv= |@=}xv}y@ OvwQ '|rY= |xR=U QO QF-wt |}=Q}t |xv}W}@ w
=@ xR=U l} |xv}y@ |=yQDt=Q=B |=Q@ |@ QHD |]@=wQ '�1978� R}v |Qo}O VywSB
u; QO xm Ov=xOQm x}yD |rw=OH R}v u=QoWywSB |NQ@ [7]"CU= xOW x�=Q= sm |}=Q}t
|}=Q}t w s}_vD |=yC@Uv 'TMD sQH C@Uv w xR=U |}=Q}t XNWt Q}O=kt |=Q@
|L=Q] p}yUD Qw_vtx@|irDNt |=yVywSB QO u}vJty [9w8]"CU= xOW x�=Q= Qo =Q}t
xm '|L} QY \@=wQ CQwYx@ |Q=PoQ=@ hrDNt `=wv= |=Q@ xv}y@ |=yQDt=Q=B 'TMD

R}v �2010� |Qo}O VywSB QO [10]"CU= xOWx�=Q= 'Ov=xOt; CUOx@ |@=}uwQO R=
hrDNt |=yQ=}at '|Q=PoQ=@ hrDNt \}=QW 'xR=U |=Q@ |[=} Q hrDNt |=ypOt
|xU}=kt """w C=k@] Ci} QO 'xv}W}@ u=mtQ}}eD w ?=DW |R=Uxv}tm Q}_v |@=}xv}y@
'l}DvS Q}_v |@=}xv}y@ hrDNt |=yVwQ [11]'CU= xOW s=Hv= =yu; u}@ |@ wN
'"""w |OOa |wHwCUH |=yxw}W w [13]'3xQP s=LOR= [12]'|vwtQ=y |wHwCUH

"Ov=xO=O p}mWD =Q xv}tR u}= QO xar=]t hrDNt |=yx@vH
nQR@ Qo =Q}t sQH |xv}y@ Q=Okt xmv}= p}rOx@ 'xOWs=Hv= C=ar=]t QDW}@ QO
xOWu}}aDV}B R= QDt=Q=B l} u=wvax@ 'OQ=Ov |O=YDk= |xiQY |}=QH= Q_v R= w CU=
(�d) |}=Q}t w (f) s}_vD C@Uv QDt=Q=B wO w 'CU= xOW xDiQo Q_v QO |L=Q] QO
l} |wQ Q@ =OD@= 'Q=DWwv u}= QO "Ov=xOW ^=Lr |@=}xv}y@ |xr�Ut |=yQ}eDt u=wvax@
|DNU swrat Q=Okt =@TMD x@ RyHt |]N Q=DiQ =@ |O=R; xHQO l} |xO=U pOt
Q=Okt u=wvax@ Qo =Q}t sQH |=Q@ |v=Qm uDiQoQ_vQO =@ w 'CU= xOW xar=]t |}=Q}t w

1909 p=U QO Q=@ u}rw= |=Q@ u; |}=OD@= KQ] xm ' �TMD� xOW s}_vD|tQH Qo =Q}t
=yxR=U p=aiQ}e pQDvm OQ@ Q=mQB |=yVwQ R= |m} u=wvax@ xRwQt= [1]'CU= xOW x�=Q=
CQwYx@ 'pmW u} QDxO=U QO �TMD� xOWs}_vD |tQH Qo =Q}t "O};|t ?=ULx@
Qo =Q}t� Qviltm w Qvi \UwD xm 'CU= xR=U pm sQH OYQO 10 =D 1 ,=OwOL |tQH
OwW|t ?=NDv= |}xvwox@ u; C=YNWt w OwW|t pYDt |rY= |xR=U x@ �RwmU} w
V=aDQ= x@ xR=U |Dkw xH}Dv QO "OwW s}_vD xR=U R= |YNWt Ot=U@ =@ u; Ot=U@ xm
x@ xOQ=w |SQv= w O};|tQO CmQL x@ R=i hqDN= xHQO 90 =@ x} wv=F sQH 'O};|tQO
2Qv=m "OyO|t Vy=m |@ wr]t RQ]x@ =Q MU=B w OwW|t hrD Qo =Q}t j} Q] R= 'xR=U

[2]"CU= xOQm |Qw;`tH xv}tR u}= QO |@ wN ?r=]t OwN ?=Dm QO
C=ar=]t |rw 'CU= XNWt w xO=U |Qt= Qo =Q}t u}= Q=mwR=U xmv}= OwHw =@
QO |}=Q}t C@Uv w 'Qvi |DNU 'sQH |va} u; |=yQDt=Q=B Q}}eD xm CU= xO=O u=Wv
OQmrta Ow@y@ |=Q@ =Pr 'CU= QF-wt xR=U |m}t=v}O MU=B Vy=m QO u; |WN@ QF=
p=U R= "CU= TMD xar=]t QO syt C=aw[wt R= xv}y@ |=yQDt=Q=B uDi=} 'pQDvm
w |}=Q}t uwO@ |xR=U |=Q@ Qo =Q}t |xv}y@ |L=Q] |Qw�D Q=@ u}rw= |=Q@ xm 1940
|xv}tR QO |O=} R C=ar=]t RwQt= x@ =D [3]'CU= xOW x�=Q= l}vwtQ=y l} QLD CLD
QO Q=@ u}rw= |=Q@ 'xv}tR u}= QO "CU= xDiQo CQwY Qo =Q}t u}= |=yQDt=Q=B |@=}xv}y@
QO xR=U QO |}=Q}t R}v Qo}O |=yVywSB |NQ@ QO w [4]'1952 p=U QO |WywSB

pw�Ut xOvU} wv �
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|HQ=N l} QLD R= |W=v xR=U x@ |OwQw u=wD 'A hQL =@ xOWXNWt |xrtH
'CU= xOW XNWt B hQL =@ xm |}xrtH "CU= |D@Ft Q=Okt xQ=wty xm 'CU=
?U=vt Q=}at l} xH}DvQO 'OyO|t u=Wv =Q Qo =Q}t x@ xR=U sDU}U R= |r=kDv= u=wD
Oy=W 'OW=@ QDW}@ u=wD u=} QH QOkJ Qy xm|vatu}= x@ 'CU= TMD |WN@ QF= R=
CUOx@ |v=tRxR=U x@ Qo =Q}t R= |r=kDv= u=wD |xv}W}@ "Ow@s}y=wN |QDW}@ |WN@ QF=
[14]"Ovm =O}B R=i Q}N-=D xHQO 90 |rY= |xR=U x@ C@Uv Qo =Q}t u=mtQ}}eD xm O};|t
O=R=t 'Qo =Q}t x@ xR=U R= |r=kDv= |SQv= w xR=U x@|OwQw |SQv= Cw=iD xar=]t u}= QO
xO=O u=Wv EM =@ 5 |x]@=Q j@=]t w jq]= Qo =Q}t w xR=U ?mQt sDU}U |SQv=

%CU= xOW
EM = jA�Bj (5)

wHwCUH VwQ "3
|DQ=@a '4 |x]@=Q CU=Q CtU uO=OQ=Qk QiY Q@=Q@ =@ 'xOWxDio C=L}[wD T=U=Q@

%CU= 6 |x]@=Q CQwYx@ xm O};|t CUOx@ sQH |x@U=Lt |=Q@

md = � (m+md) � E [�ug _u]
E [�ud _u]

(6)

|x]@=Q l} u=QoWywSB |NQ@ 'CN=wvm} |=ypmWQ}}eD sD} Qwor= R= xO=iDU= QO
uO}UQ x@ QHvt xm 'Ov=xOQm x�=Q= |}xR=U C=YNWt |wHwCUH |=Q@ xOWKqY=
xar=]t u}= QO [17�15]"CU= xOW |L=Q] ?wr]t X=N `} RwD x@ xR=U |=yMU=B
uDi=} CyH Q=OhOy |wHwCUH |=Q@ |}x]@=Q '|@=}xv}y@ s}y=it uO=O\U@ =@
C@Uv |xOwOLt x@ xHwD =@ "CU= 7 |x]@=Q =@ j@=]t xm 'xOt;CUOx@ xv}y@ sQH
Qo =Q}t sQH |=Q@ x}rw= Q=Okt l} 'CU= OYQO 10 =D 1 u}@ xm TMD pw=ODt sQH
x@ QHvt xm |tQH |va} 'xv}y@ sQH p=@vO x@ |OOa |wHwCUH w xOW ?=NDv=
sQH '|Q=QmD |x]@=Q x@ xHwD =@ "OwW|t R=e; 'OwW xR=U |xv}W}@ MU=B u} QDtm
x@ =Hv}= QO xm 'uOWQiY |wU x@ =Q EM |SQv= Q=Okt =D OwW|t KqY= s=o Qy QO

%OQ@@ 'CU= Qo =Q}t x@ |r=kDv= |SQv= |xv}W}@ swyit
mj+1
d = mj

d � ��j+1
j+1 (7)

'j = 0 |=Q@ 'OvwW u}}aD x}rw= Q}O=kt =OD@= O}=@ '|Q=QmD p�=Ut Q}=U pFt
ZQi =@ u}vJty '(m0

d) OwW|t ?=NDv= sQH |q=@ u=Qm u=wvax@ |}x}rw= Q=Okt
|Oa@ |=ys=o QO "m1

d = m0
d � ��11 = m0

d � 0 99 %s} Q=O��11 = 0 99
|x]@=Q T=U=Q@ "OwW|t x@U=Lt 10 |r= 8 \@=wQ R= xO=iDU= =@ |LqY= ?} Q[
|a@=D w OwW|t u}}aD |Q=QmD |x]@=Q R= OwN xm '�j+1 |=Q@ Q=Okt |xv}tm '8
|=ysQH 'KqY= ?} Q[ |ivt |=yu=wD |=Q@ =Pr "CU= 1 Q@=Q@ 'CU= Aj+1 R=
|va} 'xv}y@ sQH x@ C}=yv QO xm 'OvyO|t p}mWD =Q |rwRv |}xr=@vO xOt;CUOx@

%OwW|t =Qosy 'Ov=UQ@ QiY x@ =Q (Ej) O=R=t |SQv= Q=Okt xm |tQH
�j+1 = max f1 ; �j �Aj+1g (8)

s=o Qy QO O=R=t |SQv= R=Ht OWQ u}@ C@Uv R= |a@=D Aj+1 '9 |x]@=Q T=U=Q@
Y = 2 p=Ft |=Q@ "(Y ) CU= ZQiV}B Q=Okt l} xm 'CU= R=Ht OWQ w (jEj j)

"CU= xDiQo CQwY xv}y@ sQH uDi=} Qw_vtx@ |Q=OhOy |OOa |wHwCUH 'x}rw=
|SQv= |r=kDv= u=} QH uOv=UQxv}W}@ x@ 'TMD |Q}oQ=mx@ R= hOy '|SQv= x=oO}O R=
=@ T=U= u}= Q@ &CU= ?mQt sDU}U O=R=t |SQv= |xv}tm =@ Q_=vDt xm 'CU= Qo =Q}t x@
=D 'CU= xOW KqY= s=o u}OvJ QO xOW?=NDv= sQH '|Q=QmD |x]@=Ql} R= xO=iDU=
sQH xR=U |}xRQr |xv}W}@ MU=B w ?mQt sDU}U O=R=t |SQv= |R=Uxv}tm =@ u=tRsy
|xrRrR w l}vwtQ=y l} QLD VN@ wO QO l} QDt=Q=B |xar=]t "O}; CUOx@ xv}y@
C=ar=]t G}=Dv =@ |@ wN Ck@=]t xOt;CUOx@ G}=Dv w xOW s=Hv= �1940� wQDvUp=
|=Q@ 'xOW|iQat VwQ =@ j@=]t 'xv}y@ sQH u}}aD =@ 'xt=O= QO "CU= xDW=O u}W}B
Q=DiQ Q}F-=D SAC3 |xk@] 3 ?=k =@ pO=at |]NQ}e |O=R; xHQO l} |xR=U l}

"CU= xOW |UQQ@ Qo =Q}t OQmrta QO |]NQ}e

CmQL CqO=at "2
?=DW =@ xOWl} QLD Qo =Q}t w xR=U |tQH wO sDU}U Q@ sm =L CmQL |xrO=at
|DNU 'sQH ?}DQD x@ 'c w k 'm "CU= 1 |x]@=Q CQwYx@ '�1 pmW� �ug |x}=B
=Q x} wv=F sQH C=YNWt R}v kd w cd 'md w |O=R; xHQO l} |xR=U |}=Q}t w
R}v �ud w ud 'xR=U ?=DW w CaQU 'u=mtQ}}eD ?}DQD x@ �u w _u 'u "OvyO|t u=Wv

"OvDUy xR=U x@ C@Uv Qo =Q}t |@Uv ?=DW wu=mtQ}}eD
m(�u+ �ug) + ku+ c _u = �md�ug �md�u�md�ud (1)

%CWwv R}v 2 |x]@=Q sQi x@ u=wD|t =Q 1 |x]@=Q

(m+md) �u+ ku+ c _u = � (m+md) �ug �md�ud (2)

%O};|t CUOx@ 3 |x]@=Q ' _u QO 2 |x]@=Q u}iQ] ?Q[ =@
(m+md) �u _u+ ku _u+ c _u _u = � (m+md) �ug _u�md�ud _u (3)

|SQv= Tvq=@ pmW x@ u=wD|t =Q xH}Dv '3 |x]@=Q R= |Q}o\UwDt =@ C}=yvQO
%�4 |x]@=Q� OQm |U} wvR=@

(m+md)E[�u _u] + kE[u _u] + cE[ _u2] = � (m+md) � E[�ug _u]| {z }
A

�mdE[�ud _u]| {z }
B

(4)

"Qo =Q}t w xR=U |tQH wO sDU}U "1 pmW
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l}vwtQ=y l} QLD "1"4
xmv}=x@ xHwD =@ 's} Q}o|t Q_v QO =Ql}vwtQ=yl} QLDCLD Q=O}=BCr=L MU=B |Dkw
11 |x]@=Q CQwYx@ 4 |x]@=Q 'OwW|t QiY Q@=Q@ E[ _y � y] w E[�y � _y] Q=Okt

%O};|t QO

cE[ _u2] = � (m+md) � E[�ug _u]�mdE[�ud _u] (11)

"CU= xR=U |}=Q}t R= |W=v |xOWhrD |SQv= '|w=UD AJ CtU CQ=@a 'u; QO xm
R= |SQv= u=} QH u} QDW}@ |va} 'TMD |xv}y@ OQmrta Cr=L u}= QO xH}Dv QO
[14]"CU= xR=U CaQU C=a@ Qt \UwDt MU=B uOWxv}tm =@ pO=at 'Qo =Q}t x@ xR=U
pm QF-wt |}=Q}t xm 'CU= QF-wt |iqD= |SQv= l} pO=at |SQv= u=} QH 'Cr=L u}= QO

"OyO|t V}=Ri= =Q xR=U QO
=@ 'Tv=vwRQ \}=QW uDiQoQ_vQO |=Q@ w |Uwv}U pmW x@ l}vwtQ=y l} QLD
Q@=Q@ l} QLD Ot=U@ C@Uv =Pr 'CU= xOW ?=NDv= xR=U Ot=U@ =@ Q@=Q@ |Ot=U@
xOW p=ta= xR=U |=B x@ ?=DW CQwYx@ w CU= x}v=F 7 u; s=wO COt "CU= 1
|QDt=Q=B C=ar=]t "CU= xOWv p=ta= xk]vt l =N R= |W=v C=QF= xH}Dv QO "CU=
Qvi |DNU w �d = �5 Qo =Q}t |}=Q}t C@Uv swrat Q}O=kt |=Q@ VN@ u}= QO
=@ wHwCUH l} G}=Dv 'xvwtv |=Q@ xm 'CU= xOW s=Hv= kd = 163570 kg/m

"CU= 1 pwOH j@=]t '�xR=U pm sQH �5 pO=at� sQowr}m 200 |x}rw= sQH
x@ Qo =Q}t Ot=U@ C@Uv� s}_vD Ot=U@ C@Uv 'OwW|t x_Lqt xm Qw]u=ty
xOWs=Hv= C=ar=]t G}=Dv =@ xm 'CU= xOt; CUOx@ 1 x@ l}ORv ,=@} QkD �xR=U Ot=U@

"OQ=O Ck@=]t xv}tR u}= QO
xH}DvQO &OyO|t Q}}eD =Q Qo =Q}t Ot=U@ 'wHwCUH |] QO Qo =Q}t sQH C=Q}}eD
|=yC@Uv |=Q@ 'wHwCUH |] QO TB "CU= Q}}eD p=L QO R}v Ot=U@ C@Uv
xm 'CU= xOW u}}aD Q_=vDt |SQv= w pQDvm xR=U |xv}W}@ u=mtQ}}eD 's}_vD hrDNt
OwW|t xOy=Wt "CU= xOW x�=Q= 4 w 3 |=ypmW QO =yu; C=Q}}eD OvwQ ?}DQDx@
|SQv= uOWl}ORv =@ w OvQ=O |O=} R Cy=@W u=mtQ}}eD w |SQv= O=R=t C=Q}}eD OvwQ xm

"xv}y@ |xOWs}_vD |tQH Qo =Q}t C=YNWt "1 pwOH
91 17 kg (mopt) xv}y@ sQH

0 937 (f) s}_vD Ot=U@ C@Uv
0 0228 (�) sQH C@Uv
0 05 (�d) |}=Q}t C@Uv

"s}_vD C@Uv p@=kt QO xv}W}@ u=mtQ}}eD C=Q}}eD "3 pmW

%OyO|t u=Wv =Q �2 R=Ht OWQ

Aj+1 = min

(
1 08;

� jjEj j � jEj�1jj � 100
jEj�1j � (Y)

��0 005)
(9)

sQH QO QF-wt QDt=Q=B l} (�) xOvvmKqY= ?} Q[ |x}=B 'xOWx�=Q= \@=wQ T=U=Q@
CQ=@ax@ &Ovm|t Q}}eD p@k s=o QO O=R=t |SQv= OWQ u=R}t T=U=Q@ w CU= Qo =Q}t
w OQ}o|t =Q OWQ |wrH � 'Ovm Rw=HD R=Ht Q=Okt R= s=o Qy QO O=R=t OWQ Qo = 'Qo}O

"CU= xOW p=ta= � |wQ xm CU= |Qo}O O}k 1 08 x@ uOQm OwOLt "Tmar=@
(�j+1) KqY= ?} Q[ |=tv 'OwW|txOy=Wt 10 |x]@=Q QO xm Qw]u=ty
l}ORv Ej |Dkw "Ovm|t pQDvm =Q |}=Qosy CaQU w CU= O=R=t |SQv= R= |Qo}O `@=D
?} Q[ w Ovm|t p}t QiY x@ R}v �j+1 'OwW �xar=]t QO ?wr]t Q=Okt� QiY x@
nQR@ |r}N Ej Qo = w OwW|t Ov)m sQH C=Q}}eD w OwW|t 1 Q@=Q@ ,=@} QkD KqY=

%Ovm|t p}t �0 x@ u=wD Q=Okt 'OwW

�j+1 = jEj j
1 + jEj j � �0 (10)

O=R=t |SQv= Q}O=kt xR=U x@ |r=ta= l} QLD x@ xHwD =@ |@=}xv}y@ |xr�Ut Qy QO
'OOvw}B@ ẁkwx@ |QDtm Q=QmD O=OaD QO xv}y@ sQH x@ |}=Qosy xmv}= |=Q@ 'CU= Cw=iDt
|xR=@ QO QwmPt Q=Okt 'VywSB u}= QO "OwW ?=NDv= �0 |=Q@ |@U=vt Q=Okt O}=@

"CU= xDW=O Q=Qk [0;�1]

|]N |O=R; xHQO l} pOt "4
xk@] 1 ?=k l} 'xar=]t u}= QO xO=iDU= OQwt |O=R; xHQO l} |xO=U pOt
l} QLD CLD VN@ wO QO xm '�2 pmW� CU= |]N uwDUQ}D |=yu=tr= =@
=yuwDU |=B 'pOt u}= QO "CU= xDiQo Q=Qk xrRrR OQwmQ w l}vwtQ=y |x}=B
|tQowr}m 2000 RmQtDt sQH wO R}v =yuwDU x@ Q}D p=YD= pLt QO w Q=OQ}o
|}=Q}t "CU= x}v=F 0 14 Q@=Q@ xR=U ?w=vD |xQwO 'CU= xOW xDiQo Q_v QO
Q=Ri=sQv =@ |R=UpOt "CU= xOW pOt |r}=Q |}=Q}t CQwYx@ w �5 Q@=Q@ xR=U |D=P
7.14.0.739(R2012a) Q=Ri=sQv w Q=Ri=sQv u}@ \=@DQ= =@ w OpenSees V2.4.0
xOW s=Hv= |OOa |wHwCUH w |HwQN C=aq]= |wQ VR=OQB Matlab

"CU=

"|O=R; xHQO l} |]N ?=k pOt "2 pmW
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"""s}
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|tQ
HQ

o=Q}t
R=x

O=iD
U=

=@p
=aiQ

}ep
QDvm

"�1940� wQDvUp= |xrRrR OQwmQ "6 pmW

|xrRrRCLD xv}y@\}=QW QO Qo =Q}t uwO@ w =@ xR=U MU=B|v=tR |xJN} Q=D "7 pmW
"�1940� wQDvUp=

COt w l} Q=@ |Ot=U@ Ov=@ |=vyB w CU= 4QwO |=yxrRrR xDUO R= QwmPt OQwmQ
|Ot=U@lD 'l}vwtQ=y l} QLD Ovv=t xrRrR |=wDLt xm |}=Hv; R= "OQ=O |O=} R s=wO

"CU= xOWv h} QaD l} QLD Ot=U@ C@Uv =Hv}= QO =Pr 'CU}v
|wHwCUH 'l}vwtQ=y l} QLD |=Q@ xOWxDio VwQ Ovv=ty R}v VN@ u}= QO
400 |x}rw= sQH =@ w Qvi |DNU w |}=Q}t C@Uv swrat Q}O=kt |=Q@ xv}y@ sQH
x@ \w@ Qt G}=Dv xvwtv |=Q@ xm 'CU= xOW |UQQ@ �10 sQH C@Uv pO=at sQowr}m
|xv}y@ Qo =Q}t =@ w Qo =Q}t uwO@ xR=U MU=B u}vJty "CU= xOW x�=Q= �5 |}=Q}t
xm Qw]u=ty xD@r= 'CU= xOW xO=O u=Wv 7 pmW QO wH wCUH R= xOWXNWt
CU}v l}vwtQ=y l} QLD |@ wN x@ xrRrR Q@=Q@ QO TMD |WN@ QF= 'CiQ|t Q=_Dv=
C=YNWt "CU=xDi=} Vy=m �21 x@ Cr=L u}= QO xv}W}@ u=mtQ}}eD Vy=m w
s}_vD C@Uv R}v Cr=L u}= QO "CU= xOW x�=Q= 3 pwOH QO R}v xv}y@ |tQH Qo =Q}t

"CU= xDiQo xrY=i 1 R=
|=Q@ xOWx�=Q=\@=wQ R= 'xO=iDU= OQwt VwQ |HvUQ=@Da=CyH R}vVN@ u}= QO
=yu; "CU= xOW xO=iDU= [18]'�1997� Vv=Q=mty w 5lO=U \UwD �optd w fopt
xrRrR |x}=B ?=DW CLD |}=Q}t =@ |O=R; xHQO l} sDU}U l} |=Q@ =Q \@=wQ u}=
xO=iDU= l}vwtQ=y VN@ QO xOWxDio VwQ u=ty R= R}v =Hv}= QO "Ov=xOQw; CUOx@
xm 'CU= xOW xU}=kt w xOt; CUOx@ s}_vD |=yC@Uv R= |}xR=@ |=Q@ G}=Dv w xOW
xar=]t u}= R= xOt;CUOx@ |xv}y@ sQH |xU}=kt =@ "CU= xOW x�=Q= 4 pwOH QO
u}= Q_=vDt |=yu=mtQ}}eD w [18]'u=Q=mty w lO=U |x]@=Q R= xOt;CUOx@ sQH w
|QDW}@ Vy=m 'lO=U G}=Dv x@ C@Uv QDW}@ |}=ysQH =@ xm OwW|t xOy=Wt =ysQH
|=yxrRrR |=Q@ xOWxDio VwQ R= xO=iDU= =@ "O};|tCUOx@ xv}W}@ |=yu=mtQ}}eD QO

"s}_vD C@Uv p@=kt QO O=R=t |SQv= C=Q}}eD "4 pmW

l} QLDCLD xv}y@\}=QW QO Qo =Q}t uwO@ w =@ xR=U MU=B|v=tR |xJN} Q=D "5 pmW
"l}vwtQ=y

sQH w hOy |x]kv |va} 'Ovm|t p}t xv}tm Q=Okt x@ R}v u=mtQ}}eD 'xv}tm Q=Okt x@
"CU= Qo =Q}t |xv}y@ sQH u=ty x]kv u}= Q_=vDt

'CU= xOW QmP 1 pwOH QO xm wHwCUH |] QO xOt;CUOx@ |xv}y@ sQH
CU= xO=O Vy=m QDt 0 0122 x@ QDt 0 0244 R= =Q xR=U |xv}W}@ u=mtQ}}eD

"CU= xOWxO=O u=Wv 5 pmW QO Vy=m u}= xm �Vy=m �50�
|=yC@Uv R= |}xR=@ 'xar=]t u}= QO xOWxOQ@ Q=mx@ VwQ |HvUQ=@Da= Qw_vt x@
R= s=Om Qy |=Q@ TBU 'CU= xOW xDiQo Q_v QO 0 99 =D 0 85 u}@ (f) Ot=U@
fopt C@Uv |=Q@ xm [10]'O}ovH w Qm}@ |x]@=Q T=U=Q@ 'xR=@ u}= x@ jraDt |=yfi
w Q=QmD =@ � Q=Okt 'Ov=xOQm x�=Q= x}=B ?=DW CLD |}=Q}t =@ |O=R; xHQO l} sDU}U
Q_=vDt �optd 'xOt;CUOx@ � |Q=Po}=H =@ TBU "CU= xOt; CUOx@ =]N w |aU
'kd = mdf 2!2 xmv}= x@ xHwD =@ u}vJty "O};|t CUOx@ R}v sQH C@Uv u}=
u; Q_=vDt |}=Q}t C@Uv sy w Qo =Q}t |DNU Q=Okt sy '=yfi R= s=OmQy |=Q@ TB
! "OwW|t s=Hv= (mopt) u; |xv}y@ sQH p=@vO x@ wHwCUH w 'CU= XNWt
x�=Q= 2 pwOH QO wHwCUH u}= G}=Dv 'xt=O= QO "CU= xR=U sDU}U |a}@] Ot=U@
|xar=]t G}=Dv x@ |@ wN CkO =@ G}=Dv 'OwW|t xOy=Wt xm Qw]u=ty "CU= xOW

"CU= l}ORv [10]'O}ovH w Qm}@

xrRrR l} QLD "2"4
Q=QmD R}v VN@ u}= QO 'CU= xOW s=Hv= l}vwtQ=y VN@ QO xm |QDt=Q=B C=ar=]t
|xrRrR |@ wvH � |r=tW |xir-wt |x}=B ?=DWCLD xR=U xm Cw=iD u}= =@ &CU= xOW
xm CU= u}= OQwmQ u}= ?=NDv= Cra "CU= xDiQo Q=Qk �6 pmW� �1940� wQDvUp=
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|v=Q
=}R

|L
r=Y

u}Q
;w

|O :t
Lt

|tQ
m=[

Q "Q_=vDt |=yMU=B w [10]'O}ovH w Qm}@ |xar=]t w Q[=L |xar=]t |xv}y@ Qo =Q}t |xU}=kt "2 pwOH
xv}W}@ u=mtQ}}eD xv}W}@ u=mtQ}}eD (kg) sQH (kg) sQH C@Uv
�Q[=L |xar=]t� �O}ovH w Qm}@� �Q[=L |xar=]t� �O}ovH w Qm}@� s}_vD

0 0082 0 0083 380 90 389 72 0 85
0 0084 0 0085 346 53 356 44 0 86
0 0087 0 0087 314 78 323 66 0 87
0 0090 0 0090 279 88 291 41 0 88
0 0093 0 0093 255 53 259 74 0 89
0 0097 0 0097 225 45 228 71 0 90
0 0101 0 0101 196 40 198 39 0 91
0 0106 0 0106 169 04 168 87 0 92
0 0112 0 0112 139 80 140 28 0 93
0 0120 0 0120 110 97 112 79 0 94
0 0129 0 0129 87 22 86 62 0 95
0 0141 0 0141 62 99 62 14 0 96
0 0157 0 0157 40 68 39 86 0 97
0 0179 0 0179 20 75 20 69 0 98
0 0211 0 0211 6 33 6 25 0 99

xv}y@ |=yQo =Q}t OQmrta w xOW Ci=} xv}y@ |=yQo =Q}t R}v T@] w 'x@ wm 'G} QFQwv
QO u; x@ \w@ Qt G}=Dv xm 'CU= xOW xU}=kt Qo}Om} =@ =yxrRrR u}= R= s=Om Qy QO

"CU= xOWxO=O u=Wv 8 pmW
|xOWs}_vD|tQH Qo =Q}t x@ Q_=vDt s}_vDC@Uv xm OwW|t xOy=Wt 8pmW QO
MU=BVy=m QO =yu; |WN@ QF= u}vJty "CU= Cw=iDt =yxrRrR R= s=Om Qy |=Q@ xv}y@
|xar=]t x@ R=}v =yxrRrR Cw=iDt |Ot=U@ |=wDLt p}rO x@ =Pr "CU= Cw=iDt xR=U
\ki 'Q=DWwvu}= hOy "OwW|t T=UL= =yOQwmQ R= |QDW}@ O=OaD |wQ Q@ QD`t=H

"xv}y@ |xOWs}_vD |tQH Qo =Q}t C=YNWt "3 pwOH

219 5 kg (mopt) xv}y@ sQH
0 604 (f) s}_vD Ot=U@ C@Uv
0 0549 (�) sQH C@Uv
0 05 (�d) |}=Q}t C@Uv

"Q_=vDt |=yMU=B w [18]'lO=U |xar=]t w Q[=L |xar=]t |xv}y@ Qo =Q}t |xU}=kt "4 pwOH
xv}W}@ u=mtQ}}eD xv}W}@ u=mtQ}}eD (kg) sQH (kg) sQH C@Uv
�Q[=L |xar=]t� �lO=U |xar=]t� �Q[=L |xar=]t� �lO=U |xar=]t� s}_vD

0 0153 0 0154 627 02 619 70 0 85
0 0152 0 0155 600 49 569 09 0 86
0 0150 0 0155 591 60 519 74 0 87
0 0149 0 0156 543 65 471 64 0 88
0 0148 0 0156 513 74 424 76 0 89
0 0146 0 0156 868 77 379 06 0 90
0 0142 0 0156 887 85 334 55 0 91
0 0137 0 0155 887 80 291 20 0 92
0 0130 0 0155 891 00 249 01 0 93
0 0126 0 0154 822 14 208 01 0 94
0 0128 0 0153 614 40 168 23 0 95
0 0131 0 0156 364 14 129 74 0 96
0 0132 0 0158 888 88 92 68 0 97
0 0121 0 0161 900 00 57 37 0 98
0 0073 0 0167 788 05 24 61 0 99
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"""s}
_vD

|tQ
HQ

o=Q}t
R=x

O=iD
U=

=@p
=aiQ

}ep
QDvm"pO=at |xR=U w xk@] 3 |xR=U Qw)=VwB C=YNWt "5 pwOH

�s T1 (sec) M (kips) Xu (ft) Xy (ft) Vy (kips)
SAC30 05 1 016 101 1 421 0 388 1020

�s T � (sec) M� (kips) uu (ft) uy (ft) qy (kips)
SDOFeq0 05 1 016 68 77 1 123 0 307 807 4

"SAC3 |xR=U Qw)=VwB |vLvt "9 pmW
"xv}y@ Qo =Q}t C=YNWt "6 pwOH

1 72 kips (mopt) xv}y@ sQH
0 945 (f) s}_vD Ot=U@ C@Uv
0 025 (�) sQH C@Uv
0 08 (�d) |}=Q}t C@Uv

l}vwtQ=y l} QLD "1"5
|O=R; xHQOl} pOt Ot=U@ =@ Q@=Q@ |Ot=U@ =@ |Uwv}U l} QLD l} VN@ u}= QO
|UQQ@ |=Q@ "CU= xOW p=ta= xR=U |=B x@ x}v=F 50 s=wO COt =@ w �O}OWD \}=QW�
CU= xOW xDiQo Q_v QO =yCOW R= |}xR=@ TMD OQmrta QO l} QLD COW QF=

"�13 |x]@=Q�
ag = Amp� g � sin 
t

Amp = [0=001 : 0=001 : 0=15]

g = 32 185 ft= sec2


 = 6 184 rad= sec (13)

'CU= xOW xR}r=tQv 14 |x]@=Q R= xO=iDU= =@ |OwQw COW 'G}=Dv QDy@ u=}@ |=Q@
V}=tv Normal.PGA =@ =yQ=Owtv QO w O=} �p=tQv ?=DW� u=wva =@ u; R= xm
|]N pOt QO xOWxDio VwQ R= xO=iDU= =@ |}xv}y@ TMD u}vJty "OwW|t xO=O

%CU= 6 pwOH =@ j@=]t u; |xv}y@ |=yQDt=Q=B xm 'CU= xOW |L=Q]
Normal:PGA = max jagj

qy=M�
(14)

x@ jraDt XNWt Ampi |=Q@ Q=@ Qy OOaDt |v=tR |xJN} Q=D |=yR}r=v; s=Hv= =@
Qo =Q}t =@ w Qo =Q}t uwO@ |xR=U |=Q@ Q_=vDt |xv}W}@ u=mtQ}}eD 'xOWh} QaD |xR=@
xv}W}@ u=mtQ}}eD VwB |vLvt '10 pmW QO "CU= xOt; CUOx@ xv=o =OH Qw]x@

|=Q@ w hrDNt |xrRrR OvJ CLD xR=U |xv}W}@ u=mtQ}}eD Vy=m OYQO "8 pmW
"xv}y@ |tQH Qo =Q}t s}_vD \}=QW

|=yOQmrta QO Qo =Q}t |@=}xv}y@ |=Q@ xOW|iQat VwQ R= xO=iDU= u=mt= |UQQ@
"CU= |}xRQr

|]NQ}e pOt "5
[19]'FEMA355E VQ=Ro T=U=Q@ xm SAC |xk@] 3 ?=k CtUk u}= QO
u} Ro}=H pO=at |]NQ}e |O=R; |xHQO l} pOt l} =@ 'CU= xOW pOt
|wor= =@ Qw)=VwB R}r=v; CLD Q_vOQwt |xk@] 3 ?=k 'Q=m u}= |=Q@ "CU= xOW
xOW XNWt u; |]NQ}e Qw)=VwB C=YNWt w xDiQo Q=Qk Twmat |FrFt Q=@

"CU=
'CU= xOt; CUOx@ 9 pmW CQwYx@ s=@ u=mtQ}}eD p@=kt QO x}=B VQ@ |vLvt
u} Ro}=H pO=at |O=R; xHQO l} pOt 6'�EPP� |Q}tN ,qt=m u=UWm Q=DiQ =@ xm
R}v u; pO=at |xR=U w xk@] 3 |xR=U Qw)=VwB C=YNWt "�u}J\N� CU= xOW

"CU= xOW x�=Q= 5 pwOH QO
|x]@=Q R= |O=R; xHQO l} |xR=U u=mtQ}}eD x@ xR=U s=@ u=mtQ}}eD p}O@D |=Q@

[20]%CU= xOW xO=iDU= 12

u(t) = �TM�
�TMf1gX(t) (12)

w s}rUD u=mtQ}}eD '|t}rUD |x}=B VQ@ ?}DQDx@ Xu w Xy 'Vy '5 pwOH QO
|xR=U QO Q_=vDt Q}O=kt R}v uu w uy 'qy w xk@] 3 |xR=U |}=yv u=mtQ}}eD
|xOwOLt QOTMD OQmrta |UQQ@ Qw_vt x@ 'xt=O= QO "OvyO|t u=Wv =Q pO=at
xR=U "CU= xDiQo CQwY pO=at |xR=U u}= |wQ Q@ |}xar=]t 'xR=U |]NQ}e Q=DiQ
'xt=O= QO w xDiQo Q=Qk wQDvUp=|xrRrR w l}vwtQ=y |=y|OwQw CLD xv=o =OH Qw]x@

"CU= xOW xDN=OQB xOt;CUOx@ G}=Dv x@
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|v=Q
=}R

|L
r=Y

u}Q
;w

|O :t
Lt

|tQ
m=[

Q uwO@ |xR=U CQ=UN |xHQO x@ \w@ Qt ?}DQD x@ xm 'Ovm Q}}eD 1 =D 0 R= Ov=wD|t
"CU= VR} QwQi |xv=DU; QO w ?}U;

R}v CQ=UN XN=W 'xar=]t OQwt |O=R; xHQO l} pOt QO T=U= u}= Q@
C=Q}}eD '12 pmW QO "CU= xOW x@U=Lt |OwQw l} QLD R= Q_vOQwt |xR=@ QO
QO xm OwW|t x_Lqt "CU= xOW sUQ Qo =Q}t uwO@ w =@ xR=U |=Q@ CQ=UN XN=W
x@ xOWx@U=Lt CQ=UN XN=W 0 13 ,=@} QkD p=tQv ?=DW QO 'Qo =Q}t uwO@ |xR=U
?=DW QO VR} QwQi 'Qo =Q}t =@ xR=U QO xm |r=L QO 'OUQ|t �VR} QwQi |xv=DU;� 1
Q=}U@ MU=B Vy=m QO TMD |}=Q=m xJ Qo = TB "ODi=|t j=iD= 0 23 ,=@} QkD p=tQv
R= xO=iDU= 'C} Rt u}= w |Q}owrH xR=U uDN} QwQi R= u=vJty |rw 'O@=}|t Vy=m

"Ovm|t uWwQ |@ wNx@ =Q u;

wQDvUp= |xrRrR l} QLD "2"5
\UwD xOWx�=Q= \@=wQ R= xO=iDU= =@ '0 025 sQH C@Uv =@ |}xv}y@ TMD =Hv}= QO
7 pwOH j@=]t Qo =Q}t |xv}y@ |=yQDt=Q=B "CU= xOW |L=Q] [25]'u=Q=mty w nv=wy

"CU= xOW O=} �`HQt Qo =Q}t� u=wvax@ u; R= xt=O= QO xm 'CU=
'CU= xOW |iQat =OD@= QO xm xv}y@ |wHwCUH |x]@=Q R= xO=iDU= =@ u}vJty
u}= x@ 'CU= xOW XNWt |OwQw COW C=Q}}eD =@ xar=]t u}= |xv}y@ TMD

|xR=@ x@ jraDt XNWtAmpi <=R=x@ |v=tR |xJN} Q=D R}r=v; Qy |=Q@ xm |vat
Qo =Q}t� u=wvax@ Qo =Q}t u}= R= 'xt=O= QO "CU= xOW wHwCUH xv}y@ sQH 'xOWh} QaD

"CU= xOW O=} �xv}y@
'xv}y@ Qo =Q}t =@ w `HQt Qo =Q}t =@ w Qo =Q}t uwO@ |xR=U |=Q@ xv}W}@ u=mtQ}}eD
QO xv}W}@ u=mtQ}}eD VwB |vLvt '13 pmW QO "CU= xOt; CUOx@ xv=o =OH Qw]x@
"CU=xOW sUQ xv}y@ Qo =Q}t w `HQt Qo =Q}t =@ xR=U 'Qo =Q}t uwO@ |xR=U |=yCr=L
Q=DiQ x@ OwQw R= |Q}owrH QO |tm Q}F-=D 'TMD |Q}oQ=mx@ xm OwW|t xOy=Wt
|xOwOLt OQ=w 0 95 p=tQv ?=DW QO ,=@} QkD Cr=L 3 Qy QO xR=U "OQ=O |]NQ}e

"CU= xOW |]NQ}e

l} QLDhrDNt |=yCOW QO Qo =Q}t uwO@ w =@ xR=U |=Q@ CQ=UNXN=W "12 pmW
"l}vwtQ=y

"`HQt |xv}y@ Qo =Q}t C=YNWt "7 pwOH
1 72 kips (mopt) xv}y@ sQH

0 936 (f) s}_vD Ot=U@ C@Uv
0 025 (�) sQH C@Uv
0 09 (�d) |}=Q}t C@Uv

xOW sUQ Qo =Q}t uwO@ w =@ xR=U Cr=L wO QO w |OwQw hrDNt |=yCOW |=Q@
=Q |]NQ}e Q=DiQ x@ OwQw 'TMD |Q}oQ=mx@ xm OwW|t xOy=Wt |@ wN x@ "CU=

"OyO|t p=kDv= 0 15 ,=@} QkD p=tQv ?=DW x@ 0 05 ,=@} QkD p=tQv ?=DW R=
Vy=m QO Qo =Q}t |WN@ QF= QO xR=U uOW|]NQ}e Q}F-=D R}v 11 pmW u}vJty
CQwYx@ xR=U 'sm |=yCOW QO xm |}xvwox@ 'OyO|t u=Wv =Q xv}W}@ u=mtQ}}eD
OwQw wl} QLD COWV}=Ri= =@ 'CU= �65 ,=@} QkD MU=BVy=m w Ovm|t Q=DiQ |]N
|]NQ}e Q=DiQ |Dkw xm |}=H =D 'O@=}|t Vy=m |vLvt u}= |]NQ}e |x}L=v x@

"Ov=t|t C@=F ,=@} QkD �10 Q=Okt QO Qo}O 'OW
|UQQ@ |=Q@ |]NQ}e |=yxR=U QO xv}W}@ MU=B Vy=m Q=}at xm|}=Hv; R=
|=Q@ CQ=UN Vy=m Q=}at R= [22w21]'CU}v |i=m |}=yvDx@ TMD |WN@ QF=
\UwD xOWO=yvW}B CQ=UN XN=W "CU= xOW xO=iDU= Qo =Q}t |WN@ QF= |@=} RQ=
CQwYx@ xm 'CU= xOW xO=iDU= CQ=UN |yOQ=Okt |=Q@ [23]'Vv=Q=mty w lQ=B

%CU= 15 |x]@=Q j@=]t |twta

DI = u�m
u�u

+ �
R
dE

u�uVy
(15)

T} RQDU}y |SQv= R dE 's=@|}=yv w xv}W}@ u=mtQ}}eD '?}DQD x@ u�u w u�m 'u; QO xm
QDt=Q=B "OvDUy Ctw=kt p=wR QDt=Q=B � w 'xR=U s}rUD |x}=B VQ@ Vy 'xR=U |atHD

"CU= xOW Q=}DN= 0 27 Q@=Q@ [24]'u=Q=mty w |rwBt=}m Q=m =@ j@=]t �
u=UWmQ}e |xv}W}@ u=mtQ}}eD R= |W=v CQ=UN |=Q@ QwmPt CQ=UN |xrO=at
DI Q=Okt 'CU= xOW x@U=Lt sm |xNQJ =@ |oDUN R= |W=v |atHD CQ=UN w

"l}vwtQ=yl} QLDCLD|xR=UQO xv}W}@ u=mtQ}}eD QOl} QLDCOW QF= "10pmW

TMD |Q}oQ=mx@ R= |W=v MU=B Vy=m OYQO QO l} QLD COW QF= "11 pmW
"l}vwtQ=y l} QLD CLD
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"""s}
_vD

|tQ
HQ

o=Q}t
R=x

O=iD
U=

=@p
=aiQ

}ep
QDvm

hrDNt |=yCOW QO xv}y@ w `HQt Qo =Q}t |=Q@ CQ=UN Vy=m OYQO "16 pmW
"�1940� wQDvUp= |xrRrR l} QLD

xv}y@ w `HQt Qo =Q}t |Q}oQ=mx@ R= |W=v CQ=UN Vy=m OYQO R}v 16 pmW QO
|k=@ u=UWm Qo =Q}t uwO@ xR=U '0 8 p=tQv ?=DW R= p@k =D "CU= xOW xU}=kt
|Q}owrH CQ=UN R= ,qt=m Qo =Q}t wO Qy 0 9 =D 0 8 p=tQv ?=DW R= ,=@} QkD "Ov=t|t
=D 'O@=}|t Vy=m CQ=UN Vy=m QO u=W|}=Q=m QwQt x@ u; R= Oa@ |rw 'Ovvm|t
|va} VR} QwQi |xv=DU; x@ sy Qo =Q}t =@ xR=U Qo}O 2 1 p=tQv ?=DW QO xm |}=H

"OUQ|t 1 CQ=UN XN=W
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