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OwW|t xH}Dv 4 |x]@=Q R= "
 = 1

2 w � = 0 xm Cw=iD u}= =@ &CU= jO=Y 3 w 2
,qwtat 'G}=Dv QO ?U=vt CkO x@ uO}UQ |=Q@ "!n:�t � 2 O}=@ |Q=O}=B |=Q@ xm
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u}@ |U=tD |=ywQ}v O}=@ 'Qo}O CQ=@ax@ "OwW|t KQ]t |RQt \}=QW p=ta= |xwLv
x@ |DUQOx@ w q=@ CkO =@ \w@ Qt |=ypmWQ}}eD =} |m} R}i w |OOa |=yxR=UQ} R

"OwW p=ta= xvwtv
p=ta= x@ Q} Ro =v =Q u=QoWywSB '|i=m |y=oW}=tR; C=v=mt= w =[i Ow@v
QO VJ}B w VtN p=ta= |rm Qw]x@ "CU= xOQm |RQt \}=QW QO |}=y|R=UxO=U
VJ}B w VtN hPL Qw_vt x@ CU= QDy@ CQwY u}= QO "CU= Q=wWO x=oW}=tR;
'x]kv u}= QO '=yuwDU \Uw QO Qovr h]a |x]kv p}mWD ZQi =@ '|RQt \}=QW R=
u}@ VQ@ 'wQ}v lQLt OQ@ Q=m =@ x]kv u}ty QO w OwW xDiQo Q_v QO |mDre x=ox}mD

"OwW p=ta= C=k@]

45



"""|
vt[

wK
}QY

|Q}
op=Q

oDv=
|=y

Vw
Q|

xU}
=ktpt=W 'V i = C2

�
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+23 38 �600ui1 + 2 _ui1 + 2 5e� 3�ui1
�
3775

%swO |O=R; |xHQO
2� 1) R̂i+1

2 = Ri+1
2 +M2

�
a0ui2 + a2 _ui2 + a3�ui2

�
+ C2

�
a1ui2 + a4 _ui2 + a5�ui2

�
R̂i+1

2 = �15 3�ui+1
g + V i+1

+ 15 3
�
2 4e5ui2 + 1200 _ui2 + 2�ui2

�
2� 2) Solve : K̂2ui+1

2 = R̂i+1
2

ui+1
2 = 1

3; 672; 000
"�15 3�ui+1

g + V i+1

+15 3 �2 4e5ui2 + 1200 _ui2 + 2�ui2
� #

Ov@ w 21 =D 18 \@=wQ� 4 Ov@ QO xOWQmP Cr=L 3 x@ \w@ Qt |}xv=}=Q |xt=vQ@
|xJN} Q=D w OW xDWwv MATLAB Q=Ri=sQv QO 17 w 16 \@=wQ pL |=Q@ ��R�

49



"""|
vt[

wK
}QY

|Q}
op=Q

oDv=
|=y

Vw
Q|

xU}
=kt"CU= xOW Q_vhQY |rm x@ xk@] VQ@ CaQU x@ xDU@=w VN@ R= �G

|xOvwWQ=QmD C=}rta |] =t= 'CU= xOW Q_vhQY C2( _ui2� _ui1) CQ=@a R= �O
"CU= xOW xOv=UQ |}=Qosy x@ xk@] VQ@

%CU= xOW xDiQo Q_v QO Cq=L u}= 'R}v |vt[ VwQ x@ pL OQwt QO
"CU= xOW xO=iDU= 'V i+1|=Hx@ 'V i |va} &p@k s=o |WQ@ |wQ}v R= �x

"CU= xOW Q_vhQY 'xk@] VQ@ pm R= �w
|] |WQ@ |=ywQ}v xm \QW u}= =@ 'CU= xOW Q_vhQY 'V i+1 CQ=@a R= �R

"OvwW =Qosy 'xOvwWQ=QmD C=}rta
OW swrat '=yVwQ u}= |OOa G}=Dv |wQ xDiQos=Hv= |=yxU}=kt x@ xHwD =@
=Qosy =Q =yMU=B '|OOa |xOvwWQ=QmD C=}rta s=Hv= =@ xm |}=yVwQ u=}t u}= R=
w |R=Ux}@W CqwyHt OQw;Q@ |=Q@ VwQ u} QDy@ '��R� w �O� |=yCr=L� Ovm|t
|vt[ w K} QY VwQ wO Qy ?}DQD u}= x@ "CU= pL |Q=O}=B w CkO |xOvvmu}t[D

"Ow@ Oy=wN xOvwWQ=QmD C=}rta pt=W
|=yxR=UQ} R x@\@=wQ u}= s}taD u=mt= 'xOWx�=Q=\@=wQ|U} QD=t pmW x@ xHwD =@
|=Hx@ |U=tt |DNU T} QD=t |v} Ro}=H =@ |iQ] R= "OQ=O OwHw O=R; |xHQO n
x@ s}taD u=mt= u; QO |D=LqY= lOv= p=ta= =@ w \@=wQ QO x}rw= |DNU T} QD=t
"CU=?mQt |R=Ux}@WC} Rt u} QDsyt OwN u}= xm 'OQ=O OwHw R}v |]NQ}eCr=L
|xv}tR QO =yVywSB |xt=O= xm OwW|t |v}@V}B 'xOWQmP ?r=]t x@ xHwD =@
xDiQW}B |=yQwD=QB= =@ |OOa |Q}op=QoDv= |=yVwQ `=O@= pt=W ?mQt |R=Ux}@W
|=yQ}N-=D hPL |=yxw}W 'u=t-=wD |vt[ w K} QY |Q}op=QoDv= |=yVwQ Ovv=t
|m} R}i |xR=UQ} R w |}xv=}=Q pOt u}@ =yxO=O \=@DQ= w x@U=Lt C=}rta R= |W=v
,=D}=yv w 'u=RQr R}t w |m}rwQO}y |=ylQLt OQmrta R= |W=v |=yQ}N-=D hPL w
x@ |@=}DUO Qw_vt x@ wQ}v |=ylQLt w u=RQr R}t u}@ |OwQw CmQL |xv}y@ s}UkD

"OW=@ QD?U=vt |m}v=mt |=}=Rt

|xOvyOu=Wv =yT} wvq=@ u; QO xm 'OwW|t OQ=w pL sD} Qwor= QO V n+1�V n
V 2 � "

QDlJwm "Q=Okt QOk Qy CU= |y}O@ "CU= xOvwWQ=QmD C=}rta ?}DQD |xQ=tW
"OW Oy=wN QDW}@ G}=Dv CkO 'OwW ?=NDv=

|x@U=Lt |=Q@ VwQ u} QDy@ OwW|t swrat xOWx�=Q= |=yQ=Owtv u}@ |xU}=kt =@
|vt[ C=Q=@a hPL|vt[ VwQ QO sy wK} QY VwQ QO sy =yxR=UQ} R u=mtQ}}eD

"CU=yMU=B uOQm =Qoty CyH |OOa |xOvwWQ=QmD C=}rta s=Hv= w \@=wQ R=

|Q}oxH}Dv "6
VN@ QO "CU= |OOa p}rLD w |@ QHD V}=tR; Q@ ptDWt ?mQt V}=tR; VwQ
K} QY |=yVwQ QO "CU= |OOa |Q}op=QoDv= x@ R=}v '?mQt |R=Ux}@W |r}rLD
QO |}xv=}=Q |xR=UQ} R CmQL |xrO=at 'Oa@ |v=tR s=o |m}t=v}O Vvm =w uDi=} |=Q@
|Q=QmD pL x@ |R=}v sDU}U uOw@|a=HDQ= CQwY QO w OwW|t xDWwv |Q=H s=o
|Dr=L xJv=vJ 'VwQ u}= QO "OvDUy \wQWt |Q=O}=B |=Q=O =yVwQ u}= "OQ=Ov OwHw
OvwW|t pOt xv=}=Q QO \ki =yxR=UQ} R s=tD u; QO xm OwQ Q=mx@ ?mQt |R=Ux}@W R=
pwyHt sy =yxR=UQ} R lQDWt pYi QO xOvv=OQoR=@ |wQ}v Q=Okt '�p}rLD + p}rLD�
|vt[ |=yVwQ R= xJv=vJ 'Qo}O hQ] R= "OwW x@U=Lt |k} Q] x@ O}=@ w CU=
,qwtat w OwW|t xDWwv Oa@ s=o QO pO=aD |xrO=at 'OwW xO=iDU= |OOa |Q}op=QoDv=
R}v VwQ u}= CqwyHt 'p}rLD + p}rLD Cr=L QO "CU= \wQWt=v |Q=O}=B |=Q=O
Qw_vt x@ "Ow@ Ovy=wN =yxR=UQ} R lQDWt pYi QO xOvv=OQoR=@ |wQ}v pt=W xrtH R=
xDiQo Q_v QO pL QO Cq=L u}= K} QY VwQ QO 'pwyHt |=yQDt=Q=B |x@U=Lt

%CU= xOW
"CU= xOW xO=iDU= 'V i|=Hx@ 'V i�1|va} &p@k s=o |WQ@ |wQ}v pm R= �hr=

CW=OQ@ p@k s=o R= 'C2( _ui2� _ui1) |va} 'xk@] VQ@ CaQU x@ xDU@=w VN@ �?
"CU= xOW

=yCWwv=B
1. Berkeley, Boulder, UIUC, Bu�alo, Lehigh
2. San Fernando

�References� `@=vt
1. Williams, M.S., Blackeborough, A. and Houlsby, G.T.

\Development of a real-time hybrid dynamic testing sys-
tem", University of Oxford, Department of Engineering
Science, UK (1998).

2. Buchet, P. and Pegon, P., PSD with Substructuring: Im-
plementation and Use, Special publication No. I.94.25
EC, Joint Research Center, Ispra (1994).

3. Nakashima, M. and Masaoka, N. \Real-time online test
for MDOF systems", Earthquake Engineering & Struc-
tural Dynamics, 28(4), pp. 393-420 (1999).

4. Nakashima, M. \Development potential, and limitations
of real-time online (pseudo dynamic) testing", Philo-
sophical Transactions of the Royal Society of London Se-
ries A- Mathematical Physical and Engineering Sciences,
359(1786), pp. 1851-1867 (2001).

5. Reinhorn, A.M., Sivaselvan, M.V., Liang, Z. and Shao,
X. \Real-time dynamic hybrid testing of structural sys-
tem", 13th World Conf. on Earthquake Engineering, p.
1644 (2004).

6. Ahmadizadeh, M. \Real-time hybrid simulation proce-
dures for reliable structural performance testing", PhD
thesis, University of Bu�alo (2007).

7. Ricles, J.M., Theodore, L., Karavasilis, S.R. and Chen,
C. \Performance assessment of building systems with

50



Qis=
vy@

O=yQ
iw

u=oO
=RQ=H

vu=
t}=

elastomeric dampers using real-time hybrid simulation",
Proceedings of the 9th U.S. National and 10th Canadian
Conference on Earthquake Engineering, p. 1522 (2010).

8. Ojaghi, M., Lamata, M.I., Williams, M.S., Blakebor-
ough, A., Dietz, M. and Crewe, A. \Real-time hybrid
testing in geographically distributed laboratories", 14th
European Conference on Earthquake Engineering, Ohrid,
Macedonia, Paper 872 (2010).

9. Newmark, N.M. \A method of computation for struc-
tural dynamics", Journal of the Engineering Mechanics
Division, Proceeding of the American Society of Civil En-
gineers, pp. 67-94 (1959).

10. Bathe, K.J., Finite Element Procedures in Engineering
Analysis, Prentice-Hall, Inc., Englewood Cli�s, New Jer-
sey (1982).

11. Internet site:peer.berkeley.edu.

51


