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Research on contactless influence line identification method and composite
inversion mechanism based on interval analysis
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Abstract: In recent years a contactless bridge dynamic weighing ( cBWIM) method is proposed which does not
need to arrange sensors in bridge structures. In order to support the realization of cBWIM system this paper verifies
the effect of the support vector machine ( SVM) method of identifying influence lines based on interval analysis.
Considering that in practical application the total weight of automobile cant be filled with the total weight estima—
tion interval which leads to the over-wide estimation of axle weight interval this paper finds that the over-wide
estimation of axle weight interval will reduce the accuracy of SVM influence line recognition. Based on the mutual
mapping relationship between the influence line interval and the axial load interval a compound inversion verifica—
tion mechanism for identifying the influence line of big data is proposed. The proposed method can effectively
reduce the recognition error of SVM influence line caused by over-wide interval estimation and the proposed
method is verified by numerical simulation in which the recognition error of influence line is reduced from the

initial 26.09% to 1.36% thus achieving the purpose of improving the accuracy of influence line recognition and
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non-contact dynamic axle load recognition.
Key words: structural health monitoring ( SHM) ; bridge influence line; bridge weight-in-motion; contactless

identification; composite inversion
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Fig.2 Finite element model of the bridge ( unit: cm)
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Table 1  Fixed parameters values of two-axis vehicle numerical model
m, m,(kg) ky ko (kN/m) kg  ko(kN/m) cy (kN *s/m) ¢y co(kN *s/m)
500 600 1200 2 000 500 500 33 12 27
600 600 1 500 1 800 400 400 33 15 20
6 400 600 2 000 2 500 400 400 33 18 25
2
Table 2 Interval parameter values of two-axle vehicle numerical model
v( m/s) d( m) w; ( kg) w,( kg)
10 30 3.8 6.3 700 6 500 700 11 500
10 30 3.3 6.1 2100 6 500 3300 11 500
6 10 30 2.3 5.8 500 7 000 900 11 500
4.2
4.1 3 ( 1 N
2 N 3 )
1 300
3 100
o 4
1 SVM °
1
1 3
5.42%.9.07%  20.78%
10.90% 4 SVM
° Fig.4 Identification results of IL based on the SVM
4.3 method in simulation examples
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Table 4  Setting of axle weight interval for overwide estimation

(%) (ke (ke) (ke) (ke)

0 0 5000 600 2 600 600 3 600 1200 6200

20 0 6000 600 3 000 600 4 200 1200 7200

50 0 7500 600 3 600 600 5 100 1200 8 700

100 0 10 000 600 4 600 600 6 600 1200 11 200

5( a) 0% o
o 4 SVM 1.36% +1.59% -
14.09% 26.09% - 4
° ( (12))
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Fig.5 SVM recognition of IL under overwide estimation interval
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