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Influence parameters of frequency indirect
identification effect for oblique beam bridge
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(a. Institute of Traffic Engineering; b. Shandong Co-Innovation Center for Disaster Prevention and Mitigation of Civil
Structures, Shandong Jianzhu University, Jinan 250101, P. R. China)

Abstract: An indirect measurement method is adopted to identify the bridge’s natural vibration
characteristics by vibration response of vehicles crossing the bridge, it can avoid the disadvantages of the
traditional method of measuring bridge frequency in dynamic load test, such as complicated operation and
high cost. Based on the theory of vehicle-bridge coupling vibration and the basic principle of bridge indirect
measurement method, the finite element model of vehicle-bridge coupling vibration is established for a skew
beam bridge in practical engineering. A biaxial half-car model is used to measure the vehicle and extract the
time-history response of the vehicle acceleration when the vehicle passes the bridge at a constant speed.
Excluding known vehicle-related frequencies. The first three natural frequencies of the bridge are identified.

The influence of six different vehicle speeds, six different vehicle weights and eight different bridge skew
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angles on the bridge frequency identification is analyzed. The results show that the indirect measurement
method can effectively identify the frequency of bridges with high density. When the speed is less than 20
km/h, the third-order frequency of skew beam bridge can be well recognized. When the speed is high, the
frequency information of the bridge cannot be recognized. The relatively small ratio of vehicle and bridge
mass to bridge frequency identification is advantageous. The accuracy of frequency identification is not
affected by the different angle of oblique beam bridge. When the bridge deck is rough, the method of
acceleration subtraction can still be used for frequency identification. Numerical simulation shows that the
indirect measurement method still has a good recognition effect for the irregular skew beam bridge
frequency. To promote the application of motion sensing indirect measurement method in bridge inspection
engineering,

Keywords: vehicle-bridge coupling; skew girder bridge; indirect method of measurement; rough bridge

surface; natural vibration frequency
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Fig. 1 Schematic diagram of the model of simply supported

beam bridge passed by the measuring vehicle
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Table 1 Structural parameters of bridge
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Table 2 Bidge natural vibration frequency and

mode characteristics
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Fig. 4 Two-axle semi-car model
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Table 3 Bridge end beam parameters
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Table 4 Identify frequency values at different vehicle speeds

B/ 1 Bt 2 B 3 B

(km+ h™1) 2 /Hz 3 /Hz % /Hz
10 2.40/2. 45 4.56/4. 66 5.01/5.18
20 2.37/2.48 4.53/4.80 5.01/5.18
30 2.26/2.59 4.53/4. 85 5.18/5. 42
40 2.26/2.70 4.42/4.74 5.18/5. 50
50 2.29/2.56 4.45/4.74
60 2.26/2.59
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Table 5 Error analysis of recognition frequency

under different speed

R 1R 2 g 3 B

(km-h'D)  BE/% /% B2/%
10 1.5 1. 50
20 0. 30 1. 50
30 0.21 2. 30
40 2.06 2. 14 2.32
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Table 6 Identification frequency value of different

axle mass ratio

TR 1 Birasi 2 B 3 B

/% #/Hz % /Hz % /Hz
0.65(2 ) 2.40/2. 45 4.56/4. 66 5.01/5.18
1.30(4 © 2.40/2. 45 4.56/4. 66 5.01/5.18
2.61(8 v 2.40/2. 45 4.56/4. 66 5.01/5.18
6.52(20 1) 2.40/2. 45 4.56/4. 66 5.01/5.18
13.03(40 O 2.40/2. 45 4.56/4. 66 5.01/5.18
19. 55(60 ©) 2.40/2. 45 4.56/4. 66 5.01/5. 10
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Table 7 Frequency error analysis of different vehicle

bridge mass ratio identification

KB 1 B 2 B SSRTES

/% W2/ N R/ B/
0.65(2 O 1.03 1.50 1.54
1.30(4 ) 1.03 1.50 1.54
2.61(8 O 1.03 1.50 1.54
6.52(20 © 1.03 1.50 1.54
13.03(40 1) 1.03 L. 50 1.54
19. 55(60 ) 1.03 1. 50 2.32
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Table 8 Theoretical frequency of different skew angles

R/ 1 ENeSR/H LGS/ Hz 2 (REeMR/Hz 2 il /Hz - 3 By Bpliide/Hz 3 Byl /Hz
0 2.035 6 2.03 3.945 6 3.91 4.639 7 4.57
10 2.035 6 2.09 3.945 6 3.99 4.639 7 4.63
20 2.245 0 2.24 4.283 5 4.24 4.877 0 4.80
30 2.4315 2.43 4.684 8 4.61 5.182 9 5.10
40 2.608 7 2.59 5.212°9 5.13 5.605 4 5.48
50 2.760 5 2.75 5.811 1 5.69 6.096 3 5.94
60 2.893 8 2.87 5.397 0 5. 30 6.522 4 6. 46
70 3.024 1 2.87 3.966 9 5. 30 6.505 3 6.45
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Fig. 7 Frequency spectrum of different skew angles
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