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ABSTRACT: This paper presents an experimental modal analysis of a caisson-type breakwater to produce basic information for the structural
health assessment of a caisson structure. To achieve the objective, the following approaches are implemented. First, modal analysis methods are
selected to examine the modal characteristics of a caisson structure. Second, experimental modal analyses are performed using finite element analyses
and lab-scale model tests. Third, damage scenarios that include several damage levels in a foundation-structure interface are designed. Finally, the
effects of damage on the modal characteristics are analyzed for the purpose of utilizing them for damage identification.
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Table 1 Material properties of caisson FE model

Caisson ~ Armor gravel Foundation
mound
Material type Concrete Gravel Sand
Mass den51ty
(Ton/m)) 25 21 2
Elastic modulus
(MPa) 18,000 12 35
Poisson’s ratio 0.18 0.25 0.325
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Fig. 2 Impact and measuring points of FE model
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Fig. 3 Acceleration responses of caisson FE model
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Fig. 4 Power spectral density of caisson FE model
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Fig. 5 Singular values of FDD procedure for caisson FE model
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Table 2 Natural frequency changes due to damage in FE analysis

Damage Natural Frequency (Hz)
Scenario Mode1 Mode?2 Mode3 Mode 4
Undamaged 29.79 68.36 115.72 167.48
Damage 1 28.81 67.87 115.72 166.50
Damage 2 28.32 67.38 115.72 167.48
Damage 3 26.86 66.90 116.70 167.48
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Fig. 9 MAC values of mode shapes of FE analysis
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Fig. 10 Lab-scaled caisson setting on foundation mound
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Fig. 11 Geometry of impact and sensors in the lab-tests
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Fig. 12 Acceleration responses of lab-scaled caisson structure
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Fig. 15 Natural frequencies and mode shapes of lab-scaled caisson
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Table 3 Natural frequency changes due to foundation damage in
lab-scaled caisson

Damage Natural Frequency (Hz)
Scenario Mode 1 Mode 2 Mode 3 Mode 4
Undamaged 28.32 47.85 111.33 170.90
Damage 1 29.79 47.85 112.31 169.92
Damage 2 29.79 46.88 112.31 169.92
Damage 3 29.79 45.41 112.31 169.92
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Fig. 18 MAC values of mode shapes of lab-scaled caisson
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