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Damping coefficient optimization of linear fluid viscous
damper for suspension bridge

ZHAO Guo-hui', GAO Jian-hua®, LIU Jian-xin', LI Yu'
(1. School of Highway, Chang’an University, Xi’an 710064, Shaanxi, China; 2. Department of Road and Bridge

Engineering, Henan Vocational and Technical College of Communications. Zhengzhou 450005, Henan, China)

Abstract: The longitudinal vibration of suspension bridge stiffening girder was simplified as some
independent single degree of freedom vibration systems. Stochastic vibration theory was used,
and earthquake excitation was simplified as stationary white-noise excitation, the analytical
expression of absolute acceleration mean square for stiffening girder longitudinal vibration was
deduced. According to the principle of derivative extremum, the minimum absolute acceleration
mean square and the corresponding system optimum damping ratio were derived, and the
analytical expression of optimum damping coefficient for suspension bridge linear fluid viscous
damper was got. A suspension bridge was selected as example, parametric sensitivity study was
carried out based on dynamic time-historical method, and the reliability of the analytical
expression was verified. Analysis result shows that the theoretical optimum damping ratio of
suspension bridge linear fluid viscous damper is 0.5, and the efficiency of damper reaches its
maximum with the corresponding optimum damping coefficient. When damping ratio is 0. 3,
damper efficiency is about 90% of optimum damping ratio. When damping ratio is 0. 4-0.6,
damper efficiency is 99 % of optimum damping ratio, so the optimum damping coefficient of linear

fluid viscous damper can be adjusted properly in the range according to earthquake intensity,
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Fig.1 Fluid viscous damper
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Fig. 3 Damper installation
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Fig. 4 SDOF system of stiffening girder
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Tab.1 Parameters of ground motion
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Tab.3 Contrast of beam-end displacement responses

28 i V7 F% / mm
TR w"E/%
T4 1 T 2
I /ME —279.1 —287.2 2.8
& KA 167. 2 167.9 0.4

HI 22 3 nl M. D00 1.2 A 25 0 60 5% i) B 1% 22 AR
AN AT LUIAE 3R 2 H it SR BELJE 28 K01 o £ 52 A B
I 1) 4R Bl 4k BY BHL JE FEak 3] 1 0. 5. [R] B A ] 42 Uk
W1 2 [ 9 1o ik B 7 2 PR PR R BELJE 27 7E T /Y
ekl &k
4.5 EMBERRHEIE

SR JHFHLE 28 208U 0 A 96 E AR 8 PR 2o e L
i TEAN R BH e Hexsh 1o 1) BELJE 28 BOAS 1F R A il AR,
BELJE 2% B n U AR A A 1) I B A S 2 BELF 1L 0. 3~0. 7.
AR 0. 1 X MU 35 O 4. 280U #r
LER LI 8~11, fil&l 8~11 AIAGUN R 4518 .

k4 HEIR

Tab. 4 Calculation conditions

T8 PRIUFH R L FLJE REL/ (KN« s+ m™1)
1 0.3 4 696
2 0.4 6 374
3 0.5 8 051
4 0.6 9 728
B) 0.7 11 406
380
340 -
g
£
E 300 |-
B
R
260
220 1 1 1 J
4 6 8 10 12

B RHUMN +s+m™)
8 BB R o G s (3 B ) 52

Fig. 8 Effect of damping coefficient on beam-end displacement
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Fig. 10 Effect of damping coefficient on energy consumption
90
88
86
§ 84 -
M
g L
B 82
80
78
76 1 1 1 J
4 6 8 10 12

FHEREU/MN *s>m™)
[ 11 BHJE F BN & N ) Y B2 e

Fig. 11 Effect of damping coefficient on bridge tower forces
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