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Research on contactless bridge weigh-in-motion based on Bayesian theory
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Abstract: The traditional bridge weighing-in-motion( BWIM) has the disadvantages of high hardware cost and
dangerous installation and operation. Contactless bridge weighing-in-motion( CBWIM)  which uses the dynamic
response data of bridge structure in vehicle-bridge coupling system to invert vehicle load information has been
developed rapidly. In this paper a bridge dynamic weighing method based on Bayesian theory is proposed. In this
method the posterior distribution of the bridge influence line and the dynamic response data of the bridge are
known in advance by contactless identification method and then substituted into the Bayesian model proposed in this
paper to calculate the posterior samples of the axle load parameters. Finally the maximum posterior estimation of
vehicle axle load posterior distribution is regarded as the axle load identification result. Numerical simulation and
laboratory test verify the effectiveness and feasibility of the proposed method. The research shows that the more
concentrated the posterior distribution range of influence line is the higher the recognition accuracy of axle load is.
The total vehicle weight identification is not affected by vehicle speed but the axle weight identification accuracy is

significantly affected by vehicle speed.
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Fig. 1  Flowchart of bridge weighing based Bayesian theory
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1
1
Table 1 Deterministic parameter of the vehicle numerical model
m; m,/kg ky ko/(kNem™) ky kyo/(kNem™) ¢y ¢o/(kNesem™) ¢g co/(kNesem™)
500 600 1200 2 000 500 500 33 12 27
600 600 1500 1 800 400 400 33 15 20
2 6 400 600 2000 2 500 400 400 33 18 25
2
Table 2 Random parameters of the vehicle numerical model
v/ (mes™!) l, /m (r ) ) M; /kg
U( 10 30) U(3.8 6.3) N(0.340 9 0.0319) U(300 16 900)
U( 10 30) U(3.3 6.1) N(0.358 0 0.025 2) U( 4 800 16 800)
2 6 U( 10 30) U(2.3 5.8) N(0.384 7 0.037 2) U( 400 17 000)
2.2
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Fig. 7 Bridge weigh-in-motion error based on Bayes” theorem
3
Table 3 Average absolute error of numerical example of weigh-in-motion
1% Casel -BBWIM Case2-BBWIM Case3-BBWIM
4.64 7.82 24.93 26.51
-2.92 7.43 23.95 20.90
-1.10 7.56 24.30 22.97
3
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Fig. 8 Schematic diagram of the whole test platform( Unit: mm)
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Fig. 13 Weigh-in-motion error of three axle vehicle model
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BBWIM Table 4  Average absolute error of weigh-in-motion test
6% BBWIM
/%
. v, v, v, v, v, v,
V,=2.987 m/s BBWIM 3 -w, 510 577 137 489 8.00 935
2.61% ( 5.08%) . 3w 375 611 1153 479 610  9.98
BBWIM 3 -W; 6.48 7.32 5.74 6.47 7.00 4.80
3 -GVW 2.33 2.77 5.08 3.46 2.70 2.61
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