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Control of a Seismically Excited Cable-Stayed Bridge
Employing a Hybrid Control Strategy
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ABSTRACT

This paper presents a hybrid control strategy for seismic protection of a benchmark cable-stayed bridge, which
is provided as a testbed structure for the development of strategies for the control of cable-stayed bridges. In this
study, a hybrid control system is composed of a passive control system to reduce the earthquake-induced forces
in the structure and an active control system to further reduce the bridge responses, especially deck
displacements. Lead rubber bearings and ideal hydraulic actuators are used for the passive and active control
systems. Bouc-Wen model is used to simulate the nonlinear behavior of lead rubber bearings and an H/LQG
control algorithm is adopted as an active control algorithm. Numerical simulation results show that the
performance of the proposed hybrid control strategy is superior to that of the passive control strategy and slightly
better than that of the active control strategy. The proposed control method is also more reliable than the fully
active control method due to the passive control part. Therefore, the proposed hybrid control strategy can

effectively be used to seismically excited cable-stayed bridges.
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A2jutg ZAME A9 2 Frird $o ofyat 4 Aoy A5& Hosk) 9% 18
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3. HENHo 71y
1. Hof ZA
1.1, #3H0 Fx
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. 1 . . n— . n
y:D—(Aixr —ylx,l y, ly—,Bx, |y’ )
¥ (2)
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space) AN ¢S5 AEH 20h

X, =Ax,+Bu+EX, ()
z=C;x, +Dju+F;%, (6)
=D (C)x, +Dju+F;x ) +v N
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Aol Mz, 181 z & FEYHERAAY dudn RAE A@EY, AoE IFY 5

X Aojd ¥, C,,D,.F; £ AA EddA Aod 28 AN« 33, C,D,F, &
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2 ATt BgAol /1M $EA RRE A HLQG Aol FnelFL Agsc
o{7|X X, & stationary white noiseZ 7H3 A1 thS 7 2 712 &< (cost function) & A H3HTH
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- 342 -



Foold HRE BHoE st Zol ohd FnARZ A=t
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Ji- Aol Hd RHE 1.2246 1.2656 0.8792 0.6719
I- Hoh AlelE A3Y Azt 0.1861 0.2077 0.1474 0.1462
J- Fo] AEdd 3.5640 3.8289 1.8023 1.6629
- B 29 Ay 0.3983 0.4211 0.3755 0.3723
Jg- F¥zo] Ha HAdY 1.4271 1.5502 0.9510 0.9169
J- 3¢ Az EdE 0.4552 0.4815 0.3563 0.3336
Jio- ABEole B BUE 1.4569 1.4429 0.7618 0.7799
Iy- B AlolE AFY W3l 2.2968e-2 2.2327e-2 1.6176e-2 1.8215¢-2
LRB+HA:
. 2.6438e-3
I~ ) Aoy 1.7145¢-3 2.1611e-3 1.9608e-3 LRE: 1224663
: HA: 1.9608e-3
1= H i stroke 1.9540 2.0993 0.9886 09118
L Ho A8 7.3689¢-3 - 9.3311e-3 6.6678¢-3
Jis- 49 6.9492¢-4 - 8.7997e-4 8.4888e-4
Jie- AR 2 74 24 24 24 LRB+HA: 24+24
I AN A 9 - 9 9
Jig= A7) AAC AHEE Bdl AT 30 - 30 30
ROO ¢ 400 1200 )
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FollA RZo] HigAlol 7o HAHJA AGeL FFA 7Yl vls w$ Holuwd
SEACl 71l widME A o F£oh FEAC 7oA Awwrt o8 A7 vlF
Z7 A S (30 em) Vel ATk 28T ol F4E wWgE EFAo 7Yl
F7HEQA sFAel AAZ As oY 29 Fo] Fxzh ZE Ao AFmY
Aol E (cable) &} FEL FAHHE Al EA)gt.
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Centro X&), 11% ~ 24% (Mexico City X&), 10% ~ 57% (Gebze X A) ZrA3c}t HZ 40
71813} ¥]Z3E El Centro X2 A BE FZEY $HC) 1% ~ 26% A8 Th Mexico City
AR B ABEeld AAAYYH ()Y E AYTd ZE FERE] §7] 0.3% ~ 35% AadTh
L £ 2% T718It Gebze AAelM e FoEold Hd RAEJYT 2% F7HIRAT U9

S i 5

TEES 8 4% ~ 24% #F2IHAT B FF, HFRAC JPL AXuiae] Fofz
= 4
© M

20l ARY AXZAFHAEY: 1000 kN, Hol stroke: 0.2 m, HFd £E: 1 ms) Ve
REaglch
Aol 71 AAAE HUshy] s AN B s HoFe wiE

Z@E A2"HE Al AXFgelN T AIE ol
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A gole B EREE Aty FxEY $9°] 0.3% ~ 35% Hx3HUh FEA 7
vl E F71AQ FEAC ZX wWEeY RE FF2E $Ho] 10% ~ 57% HAIAT. =3
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