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Estimation of Horizontal Wave Pressure on the Caisson Protected by Tetrapods
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Abstract : Physical experiments were performed in a two-dimensional wave flume to measure the horizontal
wave pressure acting on a caisson protected by Tetrapods. The experiments were conducted using 20 regular
waves with varying wave heights and periods. The coverage ratio of Tetrapods placed in front of the caisson was
adjusted under different conditions of caisson height, water depth, and rubble mound height. The results indicate
that when Tetrapods do not fully cover up to the crest level of the caisson, the wave pressure on the unprotected
section of the caisson increased significantly compared to the pressure on an upright vertical wall without
Tetrapods. Since the current design standard do not provide a method for estimating wave pressure on this type of
structure, a pressure adjustment factor is proposed based on the concept of the coverage ratio (Cy) defined by Lee
and Oh (2025). The proposed method can be applied for estimating horizontal wave pressure on the caisson when

it is fully or partially covered with Tetrapods.
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Fig. 1. Schematic diagram of the experimental setup in the wave flume. (a) side view, (b) plan view.
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Fig. 2. Front view of the caisson model showing placement of the
pressure transducers along the centerline of the model.

Table 1. Technical specifications of the disk-type pressure trans-

ducer
Material Stainless steel

Rated capacity 0.5 kgf/cm2
Natural frequency 7.8 kHz
Rated output 1.0 mV/V
Repeatability < 0.02% (Rated output)
Nonlinearity < 0.05% (Rated output)
Input resistance 500 Q
Output resistance 500 Q
Maximum excitation 6V
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Table 2. Summary of the geometrical parameters in the experimen-
tal setup

CaseID h(@m) /hy@m) h(m) G, (m) R (m)
Cc02 0.4 0.10 0.5 0.15 0.20
C03 0.5 0.15 0.5 0.15 0.15
Co4 0.5 0.10 0.6 0.15 0.20
C05 0.6 0.15 0.6 0.15 0.15
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Fig. 3. Parameters related to the geometry of the horizontal composite breakwater.
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Fig. 4. Cross-sectional view of the four different caisson models used in the experiment when the front wall of the caisson was fully covered
with Tetrapods.
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Table 4. Values of the coverage ratio (Cy) depending on the cais-
son models and the coverage conditions

Case ID T11 T12 T13
C02 1.0 0.625 0.25
C03 1.0 0.5 0
Co4 1.0 0.625 0.25
C05 1.0 0.5 0
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Fig. 7. Non-dimensionalized horizontal wave pressures for different coverage ratios. (a) C; = 1.0, (b) Cy = 0.625, (c) Cy = 0.50, (d) C =
0.25, and (e) C; = 0.
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Table 5. Average values of the normalized horizontal wave pres-
sures calculated from the fitted lines from Zone 1 to 4 for
different coverage ratios

Zone 1 Zone 2 Zone 3 Zone 4
1.0 0.87 091 1.00 1.20
0.625 0.90 0.98 1.20 1.63
0.50 0.90 0.98 1.23 1.80
0.25 0.93 1.07 1.50 1.53
0 0.93 1.07 1.50 1.53
2 ;

® Zone4

® Zone 3

1.75¢ ® Zone?2

° | ® Zone 1

1.59 o

0 0.25 0.5 0.75 1

Fig. 9. The mean values of A, from Zone 1 to 4 and the corre-

sponding fitted lines for the different coverage ratios.
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Fig. 10. Comparison of horizontal wave forces calculated from the experiment with the estimates by Equation (7).
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Fig. 11. Comparison of the pressure adjustment factors calculated
from the experiment with the estimates by Equation (7).
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