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Two-stage beam structure damage detection based on
improved particle swarm optimization
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Ministry of Education, Chongqing University, Chongqing 400045, P. R. China)

Abstract ; Considering large errors of damage identification during actual monitoring process, a two-stage detection
method based on the improved particle swarm optimization (PSO) algorithm was proposed. The algorithm is then
used to detect the structural damage locations preliminarily, and to validate the locating results and
determine the damage extents precisely. The comparisons between the simulation and experiments show
that the first phase of damage identification reduced the number of suspected damage locations, making the
search domain of the second stage based on the improved particle swarm optimization algorithm significantly

reduced. The presented two-stage recognition method can identify the damage locations and detect the

damage extent precisely for multi-damage and small damage, with considerable capacity in anti-noise.
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The modal information of the

normal operating condition
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45 1Br(9.012 9 Ho) 2 B (36.053 2 Hz) 3 [ (81. 136 6 Ha)
NP Rk TR A0t Tt A
1 0.0000 —0.5255 0.0000 1.0416 0. 0000 1. 5552
2 —0.259 7 —0.5073 0.4975 0.901 6 0.701 6 1.099 1
3 —0.5014 —0.4541 0.8612 0.519 2 0.991 6 —0.001 8
4 —0.708 6 —0.3700 0.993 2 —0.003 7 0.6991 —1.107 0
5 —0.8673 —0.2609 0.8579 —0.5241 —0.007 0 —1.562 1
6 —0.966 6 —0.1342 0.4916 —0.9100 —0.710 2 —1.100 2
7 —1.000 0 0.001 2—0.009 9 —1.043 2 —1.0000 0.004 8
8 —0.965 5 0.136 2—0.505 0 —0.896 9 —0.7053 1.110 6
9 —0.865 4 0.261 9—0.868 3 —0.519 2 0.002 1 1.565 8
10 —0.706 5 0.370 0—1.000 0 0.003 7 0.707 8 1.105 1
11 —0.499 5 0.453 0—0.8650 0.524 1 0.999 6 —0.001 4
12 —0.258 6 0.5052—0.499 1  0.905 2 0.706 5 —1.107 6
13 0.000 O 0.5231 0.0000 1.044 6 0.000 0 —1.565 6
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Table 2 The modal information of the damage
condition ( without noise)
45 1Fr(8.3329 Hz) 2 (33.633 4 Hz) 3 i (77.885 8 Ha)
ROTEIR BMAE TN BAME THE EAE
1 0.0000 —0.4982 0.0000 0.9975 0.0000 1.436 5
2 —0.246 3 —0.4817 0.4779 0.8723 0.6506 1.030 8
3 —0.476 9 —0.4361 0.8370 0.5350 0.9350 0.0501
4 —0.6784 —0.3665 0.9883 0.0500 0.6922 —0.981 8
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8 —0.982 8 0.101 7—0.450 4 —0.974 2 —0.726 0 1.153 1
9 —0.898 1 0.241 9—0.861 6 —0.596 2 0.021 3  1.624 8
10 —0.739 7 0.389 7—1.000 0  0.061 3 0.7106  0.967 1
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Table 3 Average calculation results of three kinds of method
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Table 4 Average calculation results of three kinds of method

Element number 12
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Kk 3 6 7 8 9 U
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3) 0.1109 0.000 9 0.003 6 37.3
1) 0.0905 0.1024 0.031 2 0.0236 83.8
TH 2 2) 0.0955 0.108 6 0.019 2 0.016 8 52.0
3) 0.1105 0.111 8 0.002 5 0.009 0 37.0
1) 0.1136 0.1134 0.012 0 0.107 3 101.6
TH 3 2) 0.1080 0.116 1 0.024 7 0.102 5 59. 8
3) 0.1129 0.1156 0.007 0 0.113 3 20. 8
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