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Damage Detection in Truss Structures using Anti-Optimization
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ABSTRACT : Damaged structures change the value of natural properties. The purpose of this study is to detect damage using

the difference of natural properties between the healthy state and the damaged state. Anti-optimization method is used to

find the conditions that maximize the difference in characteristics between the two contrasting models. In this paper, a

algorithm for finding the loading conditions which can maximize the difference of strain energy between the healthy state and

the damaged state of truss structures is developed. Numerical examples show that the proposed method is accurate and

efficient for truss structures.
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3.1 29—Bar Plane Truss Structure
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Fig. 1 29-bar plane truss structure model
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Table 1. Comparison of eigenvector by damaged element

—_— MNode number 4 6 8 10 12 14 16
Element 6 0.2135 0.9386 20,1840 20,1338 0.1372 20,0201 20,0485
Element 9 20,4297 0.7916 20.4336 0.0178 0.0182 0.0027 0.0064
Flement 10 0.2135 0.9386 20,1840 20,1338 0.1372 20.0201 20,0485
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4. AN ERA(space truss) O A

4.1 25—Bar Space Truss Structure
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Fig. b 25-bar space truss structure model

Table 2. Comparison of eigenvector by damaged element
numerical analysis result for damage in element 1

Node number x-dir. y-dir. z=dir.
1 0.707 0 0
2 -0.707 0 0
3 0 0 0
4 0 0 0
5 0 0 0
6 0 0 0
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Al AR A= A 59 42 uald] Blth A be
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Table 3. 25-bar space truss structure - numerical
analysis result for damage in element 5
Node number x-dir. y-dir. z—dir.
1 0 0 0
2 0.406 0.203 0.542
3 0 0 0
4 0 0 0
5 0 0 0
6 -0.406 -0.203 -0.542
Table 4. 25-bar space truss structure - numerical
analysis result for damage in element 5
Modulus of Eigenvector
elasticity Eicenvalue Node
after the senv number| y-diy. | y-dir. | z-dir.
damage
1 0.707 0 0
2 -0.707 0 0
10% of
undamaged 0.1940 3 0 0 0
condition 4 0 0 0
5 0 0 0
6 0 0 0
1 0.707 0 0
2 -0.707 0 0
50% of
undamaged 0.5522 3 0 0 0
condition 4 0 0 0
5 0 0 0
6 0 0 0
1 0.707 0 0
2 -0.707 0 0
80% of
undamaged 0.8209 3 0 0 0
condition 4 0 0 0
5 0 0 0
6 0 0 0
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Fig. 7 A graph of eigenvalue by level of damage
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4.2 72—Bar Space Truss Structure
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Fig. 9 72-bar space truss structure - result for damage in
element 31
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Table 5. 72-bar space truss structure - numerical analysis
result for damage in element 32
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Node number x-dir. y-dir.
2 -0.023 -0.396
6 0.013 0.825
10 -0.017 -0.402
14 0.021 -0.021
z
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- 0526
y

0.835
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Fig. 10 72-bar space truss structure for damage in
element 24
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