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Multi-point damage identification of bridge based on chaotic particle
swarm stochastic subspace

MA Yafei, TANG Yang, LI Zuo, WANG Lei

(School of Civil Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: Due to the influence of complex loads and adverse environments, the service performance of
bridge structures is gradually deteriorating. Structural modal parameters are the characteristic
indexes of the overall mechanical behavior of the structure, and the structural service state can be
identified by sensitive modal parameters. This paper mainly focused on the problem of false modes ,
easy omission of real modes ,and low computational efficiency in traditional modal recognition.
The chaotic local search was used to improve the particle swarm algorithm, and the position and size of
the window truncation of the acceleration signal were optimized. The modal identification of each sub-
signal was carried out by combining covariance-driven stochastic subspace identification. A
damage identification model based on proportional flexibility matrix and uniform load curvature
was established, and the location and degree of structural damage were determined by the relative
change of deflection curvature. Finally, the effectiveness of the proposed method was verified by

conducting damage identification tests on the scaled models of cable-stayed bridges. The results
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show that the proposed chaotic particle swarm stochastic subspace method had a better accuracy of

modal identification , and could realize accurate quantitative and location identification of typical

damages such as cables and girders of cable-stayed bridges. The damage at the mid-span position of

the structure had a greater impact on structural behavior. In practical engineering, the bearing

capacity reserve of the main beam and cable in the mid-span area should be increased to enhance

structural safety.

Key words: bridge engineering; damage identification; modal parameter; stochastic subspace;

chaotic particle swarm optimization
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Fig. 2 Calculation process of CPSO-SSI
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Table 1 Cable damage condition
RRVE 252 Wi AR 2 PR K/ mm
SS1 S1 1341.4
SS2 S2 1563.5
SS3 S3 1.890.1
SS4 S4 22559
SS5 S5 2641.6
SS6 S6 3042.7
SS7 S7 3420.6
SS8 S8 38759

xR2 RMIG A

Table 2  Bottom plate damage conditions

TS JEEAR 2 JEARJEEEE/ mm
B11 DB1 5
B12 DBI1 4
B13 DB1 3
B14 DB1 2
B15 DBI 0
B21 DB2 5
B22 DB2 4
B23 DB2 3
B24 DB2 2
B25 DB2 0
B31 DB3 5
B32 DB3 4
B33 DB3 3
B34 DB3 2
B35 DB3 0
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K3 BEHH TARLTE CPSO-SSI#H MACA

Table 3  The values of MAC under finite element and CPSO-
SSI method with cable damage

SS1 | SS2 | SS3 | SS4 | SS5 | SS6 | SS7 | SS8

— 0.96 | 0.96 | 096 | 095 | 0.95 | 0.92 | 0.93 | 0.95

i 0.90 | 091 | 0.87 | 0.89 | 0.92 | 0.89 | 0.87 | 0.87

= 091 | 091 | 0.90 | 0.89 | 0.87 | 0.87 | 0.90 | 0.89
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Table 4 The values of MAC under finite element and CPSO-
SSI method with bottom plate damage

A BAL Bl B12 B13 Bl4 B15
— 0.93 0.95 0.92 0.92 0.93
- 0.89 0.90 0.89 0.87 0.86
= 0.90 0.89 0.87 0.86 0.88
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Fig. 10 The damage identification results of bridge
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