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Interaction Analysis between Waves and Caissons by Damping Zone Effect
for Installing New Caisson on Old Caisson Breakwater
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Abstract : The design and construction are carried out to improve the structural stability of caisson breakwaters
by installing new caissons on the front or rear of old caissons. The wave forces acting on caisson are excessively
calculated by the resonance of fluid existing between the old caisson and the new caisson in the numerical analy-
sis using potential flow. In this study, we used the damping zone option in ANSYS AQWA program to analyze the
wave forces acting on individual caissons according to the interaction effects between the incident wave and the
caisson. By applying the damping zone option to the fluid in which resonance occurs, the wave forces acting on
individual caissons were calculated by the change of damping factor. In addition, the wave force characteristics
acting on individual caissons were analyzed for the different distances between caissons in the frequency domain
analysis.

Keywords : wave structure interaction, caisson breakwater, damping zone, wave force, ANSYS AQWA
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Fig. 1. Definition sketch of numerical model for a rectangular caisson breakwater.

Table 1. Cases of numerical analysis

Case Name GL (mm) GW (mm) Shape
D1-GW150 100 150
Dual 1 D1-GW750 100 750
D1-GW1500 100 1500
D2-GW150 150 150
Dual 2 D2-GW750 150 750
D2-GW1500 150 1500
D3-GW150 100 150
Dual 3 D3-GW750 100 750
D3-GW1500 100 1500
D4-GW150 150 150
Dual 4 D4-GW750 150 750
D4-GW1500 150 1500
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(a) Wave force of front caisson

Fig. 2. Wave force of DI-GW150 case for various damping factors.
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(b) Wave force of rear caisson

Table 2. Rate (with damping/without damping) of wave force for dual 1 case

D1-GW150 D1-GW750 D1-GW1500
Period Front Rear Period Front Rear Period Front Rear
(sec) (wi/wo) (wi/wo) (sec) (wi/wo) (wi/wo) (sec) (wi/wo) (wi/wo)
5.5 1.012 1.015 6.0 1.094 1.094 10.5 0.955 0.908
6.0 1.028 1.030 6.5 1.086 1.120 11.0 0.816 0.786
(pf:fk) 0.853 0.857 (pZ:fk) 0.962 1.020 (;;i) 0.403 0.392
7.0 0.946 0.957 7.5 0.640 0.728 12.0 0.762 0.748
7.5 0.966 0.992 8.0 0.743 1.020 12.5 1.024 1.010
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(d) Comparison of dual 1 case

Fig. 3. Comparison of wave force with damping and without damping for dual 1 case.
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Fig. 4. Comparison of wave force between single and dual 1 case.
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Fig. 5. Comparison of wave force with damping and without damping for dual 2 case.
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Table 3. Rate (with damping/without damping) of wave force for dual 2 case
D2-GW150 D2-GW750 D2-GW1500
Period Front Rear Period Front Rear Period Front Rear
(sec) (wi/wo) (wi/wo) (sec) (wi/wo) (wi/wo) (sec) (wi/wo) (wi/wo)
5.5 1.010 1.011 6.0 1.088 1.095 10.0 0.927 0.880
6.0 1.026 1.028 6.5 1.079 1.110 10.5 0.569 0.545
6.5 7.0 11.0
(peak) 0.734 0.737 (peak) 0.859 0.905 (peak) 0.559 0.541
7.0 0.964 0.974 7.5 0.696 0.777 11.5 0.909 0.889
7.5 0.972 0.995 8.0 0.726 1.010 12.0 0.997 0.983
1600
Dual 2/Single
—a—Front 254 —=—D2-GW150 Front, —s— D2-GW150 Rear

1400

-r"r.-r
1200

e

AN

400 T T T T T T T T T T T T T T
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Wave period (sec)

Wave force/amplitude (kN/m)

(a) Wave force of D2-single

—«—D2-GW1500 Front, —— D2-GW1500 Rear|

A —a—D2-GW750 Front, —v— D2-GW750 Rear

Ratio(D2 case/Single)

Wave period (sec)

T T T T T T T T T T T T
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

(b) Ratio of wave force for dual 2 case

Fig. 6. Comparison of wave force between single and dual 2 case.
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Fig. 7. Comparison of wave force between dual 1 and dual 2 case.
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Table 4. Rate (with damping/without damping) of wave force for dual 3 case

D3-GW150 D3-GW750 D3-GW1500
Period Front 2 Rear 2 Period Front 2 Rear 2 Period Front 2 Rear 2
(sec) (wi/wo) (wi/wo) (sec) (wi/wo) (wi/wo) (sec) (wi/wo) (wi/wo)
6.5 1.017 1.025 8.5 1.126 1.147 16.0 0.769 0.744
7.0 1.006 1.018 9.0 1.153 1.002 16.5 0.622 0.593
@ij) 0.956 0.948 (pZaSk) 0.387 0.358 (;Zi) 0.696 0.642
8.0 0.978 0.988 10.0 0.894 0.832 17.5 1.296 1.185
8.5 1.070 1.007 10.5 0.985 0.937 18.0 1.469 1.313
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Fig. 8. Comparison of wave force with damping and without damping for dual 3 case.
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Fig. 9. Comparison of wave force between single and dual 3 case.
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Fig. 10. Comparison of wave force between dual 1 and dual 3 case.
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Fig. 11. Comparison of wave force with damping and without damping for dual 4 case.
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Table 5. Rate (with damping/without damping) of wave force for dual 4 case
D4-GW150 D4-GW750 D4-GW1500
Period Front 2 Rear 2 Period Front 2 Rear 2 Period Front 2 Rear 2
(sec) (wi/wo) (wi/wo) (sec) (wi/wo) (wi/wo) (sec) (wi/wo) (wi/wo)
6.0 1.018 1.025 8.0 1.073 1.412 13.5 0.828 0.829
6.5 1.024 1.033 8.5 1.124 1.335 14.0 0.713 0.710
7.0 9.0 14.5
(peak) 0.903 0.915 (peak) 0.750 0.688 (peak) 0.496 0.490
7.5 0.903 0.925 9.5 0.822 0.751 15.0 0.724 0.710
8.0 0.962 0.987 10.0 0.978 0.916 15.5 1.079 1.053
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Fig. 12. Comparison of wave force between single and dual 4 case.
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Fig. 13. Comparison of wave force between dual 2 and dual 4 case.
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Fig. 14. Comparison of wave force between dual 3 and dual 4 case.
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