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Abstract

Vibration characteristics of a gravity-based caisson breakwater is investigated for various wave conditions.
Firstly, operational modal analysis methods are selected to identify vibration modes from output-only
dynamic responses. Secondly, a finite element model of an existing caisson-foundation breakwater system is
established by using a structural analysis program, ANSYS. Thirdly, forced vibration analyses are performed
on the caisson breakwater system for wave-induced dynamic pressures. For the wave flow, the wave
pressure acting on the system is obtained from wave field analysis. Fourthly, vibration modes of the
caisson-foundation system are identified from the forced vibration responses by combined use of the
operational modal analysis methods. Finally, vibration characteristics of the caisson breakwater system are
investigated for the various waves. Vibration responses are interpreted for a few wave scenarios to analyze
changes in modal parameters induced by wave conditions.
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[Fig. 2] Finite element model of Oryuk-do caisson
breakwater.
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<Table 1> Material properties of FE model

Elastic . Mass Spring
Poisson’s .
modulus ratio density constant
(MPa) (kg/m’)  (kg/m/m?)
Cap ) goBr04 02 2,500 ;
concrete
Concrete
. 2,080
. - R
Caisson 2.80E+04 0.2 Sand-fill
2,000
Amor 4 03 1,500 ;
stone
Rubble 4 0.3 2,100 ;
mound
Sand-fill 66.5 0.325 1,620 -
Natural - - ; 12.5E+06
oround
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(b) Structural analysis of ANSYS

[Fig. 3] Coupling analysis of wave and structure.
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<Table 2> Wave force scenarios of breakwater

Scenario Wave height Wave period Wave force

Design 6 m 15 sec 406.6 MN/m
wave
Small wave 1.5 m 8 sec 7.6 MN/m
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[Fig. 6] Acceleration responses of y-direction on
caisson wall.
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<Table 3> Modal parameters of breakwater
subjected to two wave conditions
Natural fi . .
atural frequency Damping ratio (%)
. (Hz)
Scenario
Mode 1 Mode 2 Mode 1  Mode 2
Design
1.5069 2.5553 2.64 0.55
wave
Small
AT 4022 25816 238 0.54
wave
Mode 1 Mode 2
1.5069 Hz 2.5553 Hz
1.E+01 | \f
|
é’ /‘"\\/\V\
Frequency (Hz)
(a) Design wave
Mode 1 Mode 2
1.4922 Hz 25816 Hz
1.E+01 |
s o 0.5 1 1.5 2 2.5 3 3.5 4 4.5
Frequency (Hz)
(b) Small wave
[Fig. 8] Modal parameter extraction using

frequency-domain analysis
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