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Damage Estimation of Structures by Second Order Modal Perturbation
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ABSTRACT

Most civil engineering structures such as bridges, power plants, and offshore platforms are apt to
suffer structural damages over their service lives caused by adverse loadings, such as earthquakes, wind
and wave forces. Accumulation of structural damages over a long period of time might cause catastr-
ophic structural failure. Therefore, a methodology for monitoring the structural integrity is essential for
assuring the safety of the existing structures. A method for the damage assessment of structures by
the second order inverse modal perturbation technique is presented in this paper. Perturbation equation
consists of a matrix equation involving matrices of structural changes(stiffness and mass matrix changes)
and matrices of modal property changes(natural frequency and mode shape changes). The damages of
a structure are represented as changes in the stiffness matrix. In this study, a second order perturbation
equation is formulated for the damage assessment of structures, and solved by an iterative procedure.
The effectiveness of the proposed method has been investigated through a series of example analysis.
The estimated results for the structural damage indicated that the present method yields resonable

estimates for the structural changes.
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Figure 1. Example Structures
(a) Stick Model
(b) Truss Model
Table 1 Estimated Damage Coefficients of Column
(Case 1)
member damage coefficients(a)
no. exact 1st order 2nd order
1 0.0 0.000 —0.007
2 0.0 0.000 0.000
3 0.0 —0.043 0.000
4 —0.4 —0.474 —0.380
5 0.0 0.000 0.000
6 0.0 —0.023 0.000
7 0.0 0.000 —0.017
8 0.0 —0.038 0.000
9 0.0 0.000 —0.011
10 0.0 0.000 —0.004
Table 2 Estimated Damage Coefficients of Column
(Case 2)
member damage coefficients(a)
no. exact 1st order 2nd order
1 0.0 0.000 —0.011
2 0.0 -0.001 0.000
3 0.0 —0.070 —0.036
4 —0.4 —0.535 —0.402
5 0.0 0.041 0.000
6 0.0 0.000 0.000
7 —0.2 —0.180 —0.177
8 0.0 0.000 0.000
9 0.0 0.000 0.000
10 0.0 0.000 0.000
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Table 3 Estimated Damage Coefficients of Truss

(Case 1)
member damage coefficients(e)
no. exact 1st order 2nd order
1 0.0 0.000 0.000
2 —0.4 —0.648 —0.421
3 0.0 —0.186 —0.098
4 0.0 0.000 0.000
5 0.0 0.000 0.000
6 0.0 0.000 0.000
7 —0.4 0.000 —0.327
8 0.0 0.000 0.000
9 0.0 0.000 0.000
10 0.0 —0.038 0.000
11 0.0 0.000 0.000
12 0.0 —0.206 0.000
13 0.0 —0.124 0.000
14 0.0 0.000 0.000
15 0.0 —0.018 0.000

Table 4 Estimated Damage Coefficients of Truss

(Case 2)
member damage coefficients(e)
no. exact 1st order 2nd order
1 0.0 ~0.008 0.000
2 —0.2 —0.279 —0.215
3 0.0 0.000 —0.003
4 0.0 0.000 0.000
5 —0.1 -0.107 —0.086
6 0.0 0.000 —0.004
7 —0.3 —0.216 —0.271
8 —0.1 —0.131 —0.064
9 0.0 0.000 0.000
10 0.0 0.000 0.000
11 —0.2 —0.240 —0.190
12 0.0 —0.076 0.000
13 0.0 0.000 —0.017
14 0.0 0.000 —0.003
15 0.0 0.000 0.000
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