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ABSTRACT: In this study, damage detection method using harmony search method and frequency response is proposed. In order to verify this
method, the following approaches are implemented. Firstly, damage detection method using harmony search was developed. To detect damage,
objective functions that minimize difference with natural frequency and modal strain energy from undamaged and damaged model are used.
Secondly, efficiency of developed damage detection method was verified by damage detection of beam structure. And results of harmony search and
micro genetic algorithm are compared and evaluated. Thirdly, numerical model was implemented for harbor caisson structure and damage scenario
was determined. Lastly, damage detection was performed by proposed method and utility of proposed method is verified.
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Fig. 2 Optimization procedure of the harmony search algorithm[Lee and Geem, 2005]
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Fig. 4 Results of modal analysis with free-free beam
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Table 1 Material property of FE model for beam structure

Elastic modulus 70 GPa
Mass density 2,700 kg/m’
Moment of inertia 3.33x10° m’
Cross section area 0.0004 m’

Table 2 Damage scenario of beam structure

Damage scenario  Damage location = Damage severity

Undamaged - -
Damage 1 element 6 20 %
Damage 2 element 12 20 %

Table 3 Natural frequencies of FE model

Natural frequency (Hz)

Damage
scenario Mode 1 Mode 2 Mode 3 Mode 4
Undamaged 166.90 460.11 902.27 1492.52
Damage 1 162.88 458.87 889.11 1482.73
Damage 2 166.89 459.95 901.28 1488.85
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Fig. 6 Damage detection results with beam structure for damage 2
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Fig. 7 Dimension of caisson structure

Fig. 8 FE model of caisson structure
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Fig. 9 Boundary condition of caisson structure

Table 4 Material property of FE model for caisson structure

2,61 x10° ton/m’
2.5 ton/ m’
0.18

Elastic modulus
Mass density

Poisson’s ratio
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Fig. 10 Spring element group on back wall of caisson structure

Table 5 Damage scenario of caisson structure

Damage scenario Damage location Damage severity (4K/K)

45%
45%

Damage 1 Group 9

Damage 2 Group 11
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Fig. 11 Damage detection results with caisson structure for
damage 1 (Number of calculation: 7,000)
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damage 2 (Number of calculation: 7,000)
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