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Nonlinear damage identification of cracks of the concrete

simply-supported bridge under operational environment
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Abstract: A non-linear damage detection method for cracks of the concrete simply-supported bridge based
on the improved Hilbert-Huang transfer (HHT) is proposed in this work. The curvilinear breathing crack
model controlled by curvature is employed to consider the breathing phenomenon of cracks, and the model
is integrated into vehicle-bridge interaction system to simulate operational environment. The mirror
extension and ensemble empirical mode decomposition algorithm are introduced to eliminate the end effect
and mode mixing problems respectively. The energy time history from the acceleration response of the
bridge under operational condition is acquired using the improved HHT algorithm, and then the appearance
time and relative amplitude ratio from the peak of the energy time history are extracted as features to
localize and quantify damage respectively. Numerical results show that the location and severity of the
cracking damage can be successfully identified using only one sensor deployed on the bridge, which provides
technical support to damage detection of cracks on the concrete simply-supported bridge.
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Fig. 1 vehicle-bridge vibration system
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Table 1 Specific parameters of model

Wr 32 L =40 m,p=2 600 kg/m’
ZH E=3.45X1010 N/m?, b=1.2 m, h=2m

I,=1.44X10° kgm*, m, =17 735 kg
m, =1 000 kg, m; =1 500 kg

A7 b, =2.05 m, b, =2.22 m
1 Y c1=4X10" kg/s, ¢, =3X10"* kg/s
S €3 =4.3X10° kg/s, ¢, =3.9X10° kg/s

k1 =4.23X10° N/m, k,=2.47X10° N/m
k;=4.6X10" N/m, £, =3.74X10" N/m
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Table 2 Cases of cracks damage

T 1 2 3 1 5 6 7 8
!/m 10.5 15.5 20.5 30.5 20.5
S 0.5 0.1 0.2 0.3 0.4
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Fig. 2 Energy time history for damage case 1 to 4
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Table 3 Damage location under damage case 1to 4
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Table 4 The results of damage identification under conditions with different vehicle load
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Fig. 3 The variation law of the amplitude ratio
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Fig. 4 The results under different vehicle speeds
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Fig. 5 The energy time history curve under conditions with different vehicle speeds
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