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Probabhilistic Neural Network-Based Damage Assessment for Bridge Structures
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Abstract

This paper presents an efficient algorithm for the estimation of damage location and
severity in structure using Probabilisic Neural Network (PNN). Artificial neural network has
been being used for damage assessment by many researchers, but there are still some
barriers that must be overcome to improve its accuracy and efficiency. The major problems
with the conventional neural network are the necessity of many training data for neural
network leaming and ambiguity in the relation of neural network —architecture with
convergence of solution. In this paper, PNN is used as a pattern classifier to overcome those
problems in the conventional neural network. The basic idea of damage assessment algorithm
proposed in this paper is that modal characteristics from a damaged structure are compared
with the training patterns which represent the damage in specific element to determine how
close it is to training patterns in terms of the probability from PNN. The training pattern
that gives a maximum probability implies that the element used in producing the training
pattern is considered as a damaged one. The proposed damage assessment algorithm using
PNN is applied to a 2-span continuous beam model structure to verify the algorithm.
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Table 1 &&™ - = (Xt REH Ao XE Hatet 2 (4 30%)
E4848
1 2 3 4 5 6 7 8 9 10
K
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 1.00 0.55 0.38 0.27 0.18 0.08 -0.04 -0.24 -0.32 -0.31
3 0.78 1.00 0.80 0.57 0.39 0.19 -0.05 -0.42 -0.59 -0.57
4 0.60 0.74 1.00 0.92 0.65 0.36 0.02 -0.50 -0.77 -0.76
5 043 0.52 0.70 1.00 0.99 0.62 0.20 -0.43 -0.83 -0.82
6 0.28 0.35 047 0.67 1.00 1.00 0.51 -0.18 -0.72 -0.75
7 0.17 0.21 0.29 0.42 0.63 0.96 1.00 0.29 -0.45 -0.53
8 0.08 0.11 0.16 0.24 0.37 057 0.91 1.00 0.00 -0.16
9 0.02 0.04 0.07 0.11 0.18 0.29 0.49 0.83 0.63 0.35
10 -0.01 0.01 0.02 0.04 0.07 0.11 0.20 0.35 0.35 1.00 [
11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 -0.05 -0.02 -0.01 0.01 0.04 0.09 0.17 0.33 0.34 0.29
13 -0.11 -0.05 -0.03 0.00 0.05 0.14 0.30 0.59 0.63 0.52
14 -0.17 -0.09 -0.05 -0.02 0.05 0.17 0.38 0.78 0.834 0.69
15 -0.22 -0.12 -0.08 -0.04 0.04 0.17 0.42 0.88 097 0.78
16 -0.25 -0.14 -0.10 -0.05 0.02 0.16 0.42 0.90 1.00 0.80
17 -0.25 -0.15 -0.10 -0.06 0.01 0.14 0.38 0.84 0.94 0.74
18 -0.22 -0.13 -0.09 -0.06 0.00 0.11 0.32 0.70 0.79 0.62
19 -0.17 -0.10 -0.07 -0.05 0.00 0.08 0.22 0.50 0.57 0.44
20 -0.09 -0.05 -0.04 -0.02 0.00 0.04 0.12 0.26 0.30 0.23
21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 2 2+ 24 THF
Q4

1 2 3 4 5 7 8 9 10

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 1.00 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3 0.50 1.00 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4 0.00 0.50 1.00 0.50 0.50 0.00 0.00 0.00 0.00 0.00

5 0.00 0.00 0.50 1.00 1.00 0.50 0.00 0.00 0.00 0.00

6 0.00 0.00 0.00 0.50 1.00 1.00 0.50 0.00 0.00 0.00

7 0.00 0.00 0.00 0.00 0.50 1.00 1.00 0.00 0.00 0.00

8 0.00 0.00 0.00 0.00 0.00 0.50 0.50 1.00 0.00 0.00

9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 1.00 0.50
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 ‘
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