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Fig.1 Vehicle-bridge interaction model
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Fig. 2 Flowchart of damage detection based on the sensitivi-

ty of vehicle-bridge contact force
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Fig. 10 Damage detection results under different bridge

model errors
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Fig. 11 Nodes of three span continuous beam bridge model
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Fig. 12 Damage detection results of continuous beams
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Tab.3 Damage detection absolute error and iteration

number of continuous beams
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Bridge damage identification based on the sensitivity of two-axle

vehicle-bridge contact force

LIU Chengyin, ZENG Qing, GONG Yi, QIAO Zhi-hao
(Department of Civil and Environmental Engineering, Shenzhen Key Laboratory of Smart Structural System in Civil Engineering,

Harbin Institute of Technology, Shenzhen 518055, China)

Abstract: Considering the coupling effect of vehicle body vertical and pitch motions during driving, the contact force of the two-ax-
le four-degree-of-freedom vehicle dynamics model during crossing the bridge are derived from the body response, and the response
sensitivity method and regularization technique are employed to identify the bridge structural damage. The numerical study results
reveal that, with the road roughness taken into consideration, compared with the methods using the sensitivity of vehicle body or
wheel-axle responses, the method using sensitivity of contact force has a better damage detection accuracy. Compared with the
damage identification using contact force sensitivity of a single axle vehicle, the proposed method could reduce the iteration number
significantly. The parametric study results indicate that the damage identification accuracy is affected by vehicle speed, noise, and
model error. The proposed method is also applicable to continuous beam. Besides, appropriate vehicle-bridge mass ratio and first-

order vehicle-bridge frequency ratio could optimize damage identification performance.

Key words: bridge damage identification; vehicle-bridge interaction (VBI) ; vehicle-bridge contact force; response sensitivity ; two-

axle four-degree-of-freedom vehicle
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