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Experimental study on damage identification of bridge structures based
on wavelet packet decomposition and optimized BP neural network

Li Zheng' Li Aoli'" Chen Daihai' Xu Shizhan' Zhang Yu®
(1. School of Civil Engineering, Zhengzhou University, Zhengzhou 450001, China;
2. Henan Traffic Investment Group Co. , Ltd. , Zhengzhou 450016, China)

Abstract: Aiming at the limitations of a single damage indicator for bridge damage identification research, according to the basic
principles of wavelet packet transform and neural network principles, the relative energy rate of wavelet packet energy spectrum
(RES) is constructed as a damage identification indicator and an optimised back propagation (BP) neural network model is
established. BP neural network model, put forward based on wavelet packet analysis and optimisation of BP neural network
bridge structure damage location and damage degree identification method, and the method of experimental validation, to explore
the signal noise and speed and other factors on the test results. The results show that multiple damage conditions are used as the
basis for genetic algorithm-back propagation (GA-BP) and genetic algorithm and simulated annealing-back propagation (GASA-
BP). GA-BP and GASA-BP neural networks, the two neural network models show good recognition ability in both numerical
simulation and experimental conditions, and in numerical simulation, the maximum average error of GASA-BP is 92.61%
higher than that of the GA-BP neural network, and in experimental conditions, the maximum average error of GASA-BP is
92. 61% higher than that of the GA-BP neural network. In the experimental condition, the maximum average error of GASA-
BP is 67. 66 % higher than that of GA-BP neural network, which shows that GASA-BP neural network has better recognition
accuracy and better robustness. The method requires only a small number of sensors to accurately locate the damage location of
the bridge structure.
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genetic simulated annealing algorithm
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Fig. 3 Bridge test model bar number diagram
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Table 1 Damage prediction conditions

T 40 FF-1F PR/ Yo

1 8 50

2 8 100

3 1.8 50,50

4 1.8 50,100

5 1.8.14 50.50.50

6 1.8.14 10.50,100
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T3 SR oY (] 47. 861 0. 002 0.010 49. 691 0. 000 0.013 —0.157 0.376
‘ I 50. 005 0. 003 0. 002 99. 998 —0.013 0. 006 0. 004 0. 005
T L] 47.761 0.021 0.015 99. 691 —0.013 0.083 —0.016 0. 385
i MIB(E 49. 897 0. 005 —0.006 50.013 —0.012 —0.304 49.799 0. 064
L85 IR 46 47.148  —0.012 0. 002 47. 898 0.003 0.079  49.116 0. 848
\ T 10.285  —0.001 0. 000 49. 999 —0.091 0.001 101.024 0. 200
T8 6 KIH 2.897 3  0.171 —0. 065 48. 351 —0.099  —0.020 100.149 1.322

PR BE SR 100 26 I P Aol o 2 [0 238 452 7 % A7 % 465 44 451 15
T B TR ) A A o A R 22 R RAIR, H B R E R
10 968 50 5 I o T HIL 45 U0 10 0% 2 A7 78 — 5 1 I 22

— 98 — [EABRTMEFLAR

B 0 A 7R R W AT R A UG R R — e R
W%,
TEBE AL T A F . GASA-BP #% T GA-BP #1 £ M

Hh BB O T



2024 | | B
H43E £ || 1

MRS HA

R4 GASA-BP iR EMIBICHERGEEIANER

Table 4 Damage degree identification results of GASA-BP test value and theoretical value %)

T8 Byl 15 25 6 = 8 = 9= 12 5 14 = SHR 2
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‘ IR —0.002 0. 000 0.002  100.002  —0.001 0. 002 —0.001 0. 001
THL 2 56 0. 055 —0.001 —0.007 99. 991 0. 004 —0.006 0. 024 0.015

i BLINoNIE 50. 035 —0.009 0. 000 50. 036 0.023 0. 000 —0.001 0.015
Lo s PRI 48. 942 —0.074 —0.038 50.000  —0.002 —0.005 —0.068 0.178

; BLINONIEN 50. 000 —0. 001 0.001  100.000  —0.002 0. 002 0. 001 0. 001
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T8 5 1 56 48. 827 —0.024 0. 636 48. 909 0. 057 —0.027 49. 854 0.451
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