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Vibration mode identification of bridge girder and deflection
calculation of main girder based on vehicle-bridge vibration

QI Xingjun', QI Sheng', WANG Shanshan?, DING Xiaoyan®
(1. School of Traffic Engineering, Shandong Jianzhu University, Jinan 250101, P. R. China;
2. Shandong Hi-speed Co., Ltd, Jinan 250098, P. R. China)

Abstract: According to the basic principle of bridge indirect measurement, the finite element model of vehicle-
bridge coupled vibration is established for a three-span continuous girder bridge. The time-history response of
the vertical acceleration is extracted when the vehicle passes the bridge at a constant speed. The acceleration
spectrum is obtained by using fast Fourier transform. The acceleration spectrum is obtained by using fast Fourier
transform. The central difference method is used to calculate the time-history response of the contact point
acceleration. The first three frequencies of the bridge are identified by the peak picking method. The bandpass
filtering technology is used to extract the component response related to the bridge frequency from the vertical
acceleration response of the contact points, the first three modes of the bridge are obtained by Hilbert transform.

The identified mode shapes are compared with the finite element theoretical mode shapes. The results show that
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the change of vehicle mass has no obvious effect on modal identification. Although the low speed is unfavorable

to the mode identification, the accuracy of mode identification can be ensured by selecting the appropriate speed.

Based on the finite element model of the bridge, the mass of the identified modes is normalized, the test

displacement flexibility matrix of the main girder is calculated, and the standard load test scheme of the bridge is

designed. The flexibility matrix was used to predict the deflection of the main girder under the test load, and

compared with the theoretical deflection. The results show that the errors of predicted deflection and theoretical

deflection meet the requirements of engineering accuracy.

Keywords: vehicle-bridge coupling vibration; indirect measurement; vibration mode identification; flexibility

matrix; predicted deflection
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Table 1 Structural parameters of bridge
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Table 4 Formation MAC values under the three vehicle

weights
EirEitlie'e 1000 kg 2000 kg 5000 kg
— iR 0.994 1 0.9939 0.9939
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Table 5 First three order frequency identification error

B/ (mes ) BISHUC BRI/ Hz AR/ Hz R/ %

1 5.65 5. 60 0.9
2 2 8.62 8.42 2.4
3 10.61 10. 24 3.5
1 5.65 5.63 0.4
4 2 8.62 8.59 0.4
3 10.61 10.52 0.8
1 5.65 5.66 0.2
8 2 8.62 8.62 0.0
3 10.61 10. 58 0.3

T R IR R B o R L T R MAC
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Table6 Formation MAC values at three speeds
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Fig. 15 Three-dimensional diagram of flexibility

matrix at three speeds

3 ITEMNRE

MR 2N B B 2 7 430 L R ) 350 T 5 22 s o
17 2 U7 5L R 0 35 30 ¢ Y =l 42 X 3% 2 R M

o 2 5 HEAT P AT B0 Y I A, TSR A 0 1 A 2K
ROR LU 2 6 4 A B 5. i OOR 9, #25C

(26)15 , BT 0. 95~1. 05 Z | .
S,
Pg=— (26)
S(lJr/x)

2 2 S, — Jin 90 T H X R A 0 A8 4 ) K e
PN 0 AT R 11 i K B3 AR A 5 S Sy s ol e 28
(9 Toi) — Jon 26 42 i 4 T P 0 A RS 1Y B AS R RN T
B s R REUE , p=0.176 7T1Inf— 0. 0157,
Horpr £ g5k E 0

TN 4 Ay S 16 T

E
i

Y

25

$1ﬁ: m

El16 mMBEEHREAR
Fig. 16 Layout of loading vehicle

F R 32 58 0 D3 67 A% 22 B 4 B 1 5 3k 56 oy 4%
1’EFFJT£ R T B8 B o A S T G Ay 3
PR AT 7 05 S R0 A 28 0 B e PR A5k ey R R UG 4 e
7343 T B 2 B A W 9 115340 a5 11 R A R T
B 2 O 56 or 28 T Y BRIG BE E  TH I B B R B IS
BT LC AN ] 17 Fr 7, 45 5 4 T 40T 4 B 6T BL W
FKT~F9,

0.002 5 -
0.002 0
0.001 5|
0.001 0
0.000 5
0.000 0

g o L
B 0.000 5

=
N -0.001 0|
g‘g -0.0015F

-0.0020
-0.002 5
-0.0030
-0.0035
-0.0040
0004 5T IS 20 25 30 35 40 45 50 55 60 65 70
FREE
E17 ARAEERTENEFTNEE
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different speeds
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Table 7 The corresponding error of v=2 m/s

- FSH R/  WOWEEE/ MR T
mm mm %/% £/%

S 1.18 1.48 26.0 21.6
g2 —3.92 —3.22 17.8 21.6
9538 1. 40 1.69 20.9 21.6

K8 v=Am/sHXEHIRE

Table 8 The corresponding error of v=4 m/s

- HUBPERE/  WUNBEE/  AEXR 218
mm mm %2/% %/%
5510 1.18 1.22 4.2 4.2
g2 —3.92 —3.85 1.8 4.2
%3 1.40 1.49 6.6 4.2

R9 v=8m/s XM HIIRE

Table 9 The corresponding error of v=8 m/s

FOIEHERE/  WUNBERE/ AR - Hy iR

P mm mm 2/% %/%
H18 1.18 1.07 8.7 5.1
o205 —3.92 —3.78 3.6 5.1
5530 1.40 1.36 3.1 5.1
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