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Eliminating temperature influences in structural damage

detection by using neural network

GU Jian-feng, WU Xiao-guang, YAO Yu-ling
(School of Highway, Chang’an University, Xi'an 710064, Shaanxi, China)

Abstract: In order to eliminate adverse influences of temperature fluctuation on damage detection,
a method based on neural network and a novel detection technique was proposed. Taking finite
element models of a benchmark grid structure as example, which was representative of short to
and medium-span bridges, this paper analyzed the influence of temperature variations and several
damage scenarios on structural frequency to testify the validity and reliability of the proposed
method. A backward propagation neural network (BPNN) was established to formulate the
quantitative model of temperature and frequencies of the first ten vertical modes for the intact
structure under varying temperatures. Then, structural frequencies were predicted by the BPNN
under the conditions of different temperatures, and then prediction errors between the network
outputs and the target {frequencies were calculated to eliminate temperature effects.
Subsequently, Euclidean norm of prediction errors was utilized as a novelty index, and the
relative difference between average values of novelty index sequences of candidate structure and
intact structure were adopted as an indicator to detect damage. The results show that the

proposed method is capable of ascertaining whether damage has occurred reliably and discriminate
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the general damage severity of the structure qualitatively regardless of varying temperatures.

Additionally, this method has remarkable noise robustness. 6 tabs, 9 figs, 20 refs.

Key words: bridge engineering; frequency-based damage detection; BP neural network; tempera-

ture fluctuation
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Fig. 1 Configuration of BP neural network (BPNN)
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Fig. 2 Flowchart of damage detection method
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Fig. 3 Laboratorial model of bridge structural health

monitoring benchmark structure
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Fig. 4 Node numbers of bridge benchmark structure
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Tab. 1 First ten vertical modal parameters of the

intact benchmark structure

&S Wil %/ Hz AL RN
1 22.37 25 iy
2 27. 00 kil
3 33.38 &yl
4 40.91 EEill
5 64.93 eyl
6 67.27 B
7 94. 21 a5 iy
8 96. 56 5 il
9 103. 58 kil

10 120. 65 i
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Tab.2 Comparison of the first ten vertical modal parameters
between FE model and experimental model for the

intact benchmark structure

RS | BRI/ He | 2R/ 70 | BAS BRI R B (MAO)
1 21.89 —2.15 1. 00
2 26.12 —3.26 1.00
3 33.38 0. 00 1.00
4 40. 69 —0. 54 1.00
5 63.43 —2.31 1.00
6 67.02 —0.37 0.94
7 90. 59 —3.84 1.00
8 92.91 —3.78 1.00
9 102. 03 —1.50 1.00

10 124. 05 2.82 0.98
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Fig. 5 Temperature distribution in FE model of bridge benchmark
structure and relationship curve between

steel modulus and temperature
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Fig. 6 Details of connection joints of the laboratorial model of

bridge benchmark structure in intact state and damage scenarios
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Tab.3 Experimental and numerical damage scenarios of

bridge benchmark structure
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Tab. 4 Statistics of some frequencies for bridge benchmark structure in intact state and four damage scenarios under varying temperatures

L Bbi%/ He - 4B/ He o 10 %/ He .
SRR I Yo sl Y s/ %
mobE | okt | st BOME | Rkt | s SOME | Rk |
HC 21.55 22.37 21.89 3.7 40. 05 40. 68 3.8 122.12 126. 82 124.03 3.8
DC1 21.55 22.37 21.90 3.7 40. 05 40. 71 3.9 121.99 126. 74 123.97 3.8
DC2 21.48 22. 30 21.82 3.8 40. 17 40. 82 3.9 122. 16 126. 90 124. 11 3.8
DC3 21.41 22.22 21.76 3.7 40. 29 40. 97 3.8 122. 23 126. 93 124. 25 3.8
DC4 21. 26 22.07 21.60 3.8 40.52 41.18 3.9 122. 33 127.07 124. 31 3.8
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Fig. 8 Damage detection results for bridge benchmark
structure under varying temperatures
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Tab.5 Statistics of novelty index of bridge benchmark

structure under varying temperatures

Py - A | bR 22 HIXE
gt | TR R | e %
HC1 0. 009 245 0.005 4
HC2 0. 009 265 0. 005 6 0.2 2.6
DC1 0. 255 034 0.005 7 2 658.7 4.4
DC2 0.504 329 0.006 2 5 355.3 13.5
DC3 1.044 882 1.001 7 11 202. 4 115.1
DC4 2.077 500 2.003 1 22 372.2 326.0
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Fig. 9 Damage detection results for bridge benchmark
structure with noise contamination
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Tab. 6 Statistics of novelty index of bridge benchmark

structure with noise contamination

¥ E B AR AL ro/ %
A SRR NI
1 Y6 W 7 7K |5 % e 7 7K S |1 %6 M 75 7K |5 %6 e 75 7K -
HCI1 0. 000 276 0.001 250
HC2 0.000 276 | 0.001 267 0.1 1.4
DC1 0.002 561 | 0.002 826 827.9 126.0
DC2 0.005 039 | 0.005232 | 1725.6 318.5
DC3 0.010 444 | 0.010 549 | 3 683.8 743.8
DC4 0.020 775 | 0.020 824 | 7426.8 1565.7
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