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Time-frequency characteristics and vibration control of girder-end
displacement in suspension bridges under stochastic vehicle loads
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Abstract: It is common for in-service long-span suspension bridges to suffer from premature wear of expansion
joints and bearings due to excessive vehicle-induced girder-end longitudinal cumulative displacements. To
effectively mitigate the adverse effects of frequent vehicle loads on the restraint systems of suspension bridges,
this study systematically investigates the response characteristics, influencing mechanisms, and vibration

mitigation strategies of longitudinal girder-end displacements in long-span suspension bridges under stochastic
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vehicular loads from a time-frequency domain perspective. First, through time-frequency domain feature
identification and decoupling analysis, the composition and vibrational characteristics of vehicle-induced girder-
end longitudinal displacements were revealed. Second, the influence of traffic flow parameter variations on
different displacement components was investigated, clarifying the dynamic relationship between vehicle
parameters and girder-end displacements from a frequency-domain perspective. Finally, the control
effectiveness and parameter sensitivity of fluid viscous dampers on different modal components of girder-end
displacements were evaluated. The results indicate that the girder-end displacement is primarily composed of
quasi-static components induced by vehicle-induced forced excitations and dynamic components dominated by
the longitudinal-sway mode of the structure, both exhibiting a rigid-body “pendulum-like” motion along the
longitudinal direction. Vehicle weight, speed, and spatial distribution all have significant influences on the
displacement response, with distinct underlying mechanisms. Viscous dampers demonstrate stable and effective
suppression of dynamic components, with the minimum reduction rate reaching up to 81.4%. In contrast, their
control effectiveness on quasi-static components is more sensitive to parameter configurations, especially the
velocity exponent a.

Keywords: suspension bridge; girder-end displacement; time-frequency characteristics; viscous damper;

vibration control
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Fig.1 General arrangement of the suspension bridge (unit: cm)
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Fig.2 Finite element model of the suspension bridge
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Table 1 Frequencies and mode shapes of the suspension bridge
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characteristics of girder-end displacement
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Fig.4 Decoupling and response comparison of girder-end

displacement in the stiffening girder
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Fig.5 Influence of vehicle weight on the time-frequency characteristics of girder-end displacement
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frequency characteristics of girder-end displacement
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Table 2 Case settings for viscous dampers

TGS FHLJE 2%/ (kN/(m/s)) R AL
1~6 1 000~1 500 0.3
7~12 1 000~1 500 0.4
13~18 1 000~1 500 0.5

BRI — M ae 7). i 9(e) ()R,
MBHJE R ELH 1000 KN/ (m/s)H Mm% 1 500 kN/(m/s)
BF, o 25 0 B A 4 o 280 SR W A 4R T (E RS IR R B
A R H R K B BT AR B «=0. 4 B, I
R LT 29 20. 6% . M EZ T, HEE HE £ A8 AL X
2 i AR B2 51 % . LABHJE & E 1 000 kN/
(m/s) A, Y BEFE B 0. 5= 0. 3, fEE & &
TR A% 0 42 1 2R 23 90 14. 6% .45.6% F185.0%,
T B RFI A ARt R e, R, ST 3 R
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Fig.9 Influence of dampers on the magnitude and cumulative displacement of different displacement components at girder ends
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