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Fig. 10 The surface plot of maximum longitudinal displacement of the stiffening girder under various combinations of damping co-

efficients and damping exponent
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Fig. 11  The surface plot of longitudinal cumulative displacement of stiffening girder under various combinations of damping coeffi-

cients and damping exponent
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Fig. 12 The bending moment of the tower base varying with different combinations of damping coefficients and damping exponent
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Longitudinal vibration mitigation of a suspension bridge under wind and

traffic loads and optimization of fluid viscous damper

ZHANG Shao-giang', QIAN Yi-zhe’, ZHU Jin", LI Yong-lé’
(1. PowerChina RoadBridge Group Co. Ltd., Beijing 100048, China;
2. Department of Bridge Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: In order to mitigate the longitudinal vibration of the long-span highway suspension bridge under combined wind and traf-
fic loads during normal operation, an analytical platform of wind-traffic-suspension was established by introducing the fluid viscous
damper (FVD) into the existing wind-vehicle-bridge coupled dynamic system. Using a typical long-span suspension bridge in
mountain area as an engineering background, the established analytical platform was applied to investigate the time-frequency char-
acteristics of the longitudinal vibration of the stiffening girder under stochastic wind and traffic loads. The time-frequency character-
istics in the cases with and without implementing the FVD was compared. Subsequently, sensitivity analysis was carried out to
study the influence of the FVD on the displacement response of the stiffening girder and the tower bending moment. The response
surface method was employed to seek the optimum FVD parameters with the goal to optimize the structural mechanical behaviors
and reduce the girder’s longitudinal vibration under stochastic wind and traffic loads. The results indicate that after implementing
the FVD, the amplitude of the longitudinal vibration of the stiffening girder under various loading scenarios can be mitigated , while
whether the vibration frequency can be reduced depends on the dominant frequencies of the longitudinal vibration. In addition, both
the maximum longitudinal displacement and the longitudinal cumulative displacement of the stiffening girder under wind only, traf-
fic only or the combined wind and traffic loading scenarios can be reduced effectively after the implementation of the FVD, and the
performance of the FVD in mitigating the longitudinal vibration increases with larger damping coefficient and smaller velocity expo-
nent. Furthermore, the influence of the FVD on the tower bending moment depends on the loading type and the use of the FVD
could enlarge the tower bending moment under wind-only loading scenario. The optimization result shows that the optimum damp-

ing coefficient ranges from 500 to 700 kN/(m/s)“, and the optimum velocity exponent ranges from 0.3 to 0.5.

Key words: bridge engineering; wind-vehicle-bridge coupled vibration;longitudinal vibration control of the stiffening girder; viscous

fluid damper;response surface method
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