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Abstract: According to the vehicle bridge coupling vibration theory and the basic principle of
bridge indirect measurement method, a bridge model of a continuous beam bridge in practical
engineering was established. Two single-axle 1/4 vehicle models were used to simulate the
measurement vehicle, and one two-axle half-vehicle model was used to simulate the traction
vehicle to provide additional bridge excitation. Three vehicles were hinged at the front and rear to
establish the vehicle model. Based on the principle of separation method and vehicle dynamics

theory, the displacement coordination relationship between wheel and bridge deck contact point at
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any time was realized by using constraint equation. The coupling dynamic time history response
analysis of articulated vehicle crossing the bridge was realized by APDL programming. The time
history response of vehicle vibration acceleration when the front and rear test vehicles passed
through different levels of rough bridge deck at a uniform speed was extracted. The acceleration
values of the front and rear test vehicles passing through the same position of the bridge were
subtracted, and the bridge frequency was identified by fast Fourier transform. The bridge
frequency component response related to the bridge natural frequency was extracted and separated
by the combination of band-pass filtering technology and Hanning window. The vibration mode
corresponding to each natural frequency was constructed by using the bridge frequency component
response and its Hilbert transform. The results show that under the condition of class A, B and
C deck roughness, the first three frequency errors of the bridge identified by the articulated
vehicle model are all within 1%. After windowing the acceleration time history response data, the
MAC values of the first three vibration modes of the bridge identified are more than 0. 95,
meeting the engineering accuracy requirements. The research results can provide a theoretical
reference for the application of mobile sensor indirect measurement method in bridge detection en-
gineering.
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Table 4 Identification Frequency Values of Different Bridge Deck Roughness Levels
R T A3 4 3R 1 A5 A % 2 B 3 AR ) 2 T 530 48 AR X 3 g AR 3 T 530 4 AR X
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A9 2.97/3.27 0.32 6.14/6.53 0.31 7.22/7.62 0.27
B % 2.97/3.27 0.32 6.23/6.53 0.31 7.22/7.62 0.27
C ¥ 2.97/3.27 0.32 6.23/6.53 0.31 7.22/7.62 0.27
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Fig. 9 Bridge Vibration Mode
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Table 5 MAC Value of Vibration Mode Recognition

Under Different Bridge Surface Roughness Levels
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