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Wave Interaction with an In-Line Array of Cylindrical Porous Piles
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Abstract : In this study, the analytical model was developed to evaluate the performance of a pile breakwater
made by an in-line array of cylindrical porous piles, and it was validated through model experiments. The
analytical model employed the eigenfunction expansion method based on linear potential theory. For validation,
the model experiment was conducted by placing two cylindrical porous piles with a porosity of 0.1 in a two-
dimensional wave flume. The wave amplification ratio at the front of the experimental model, as well as the wave
run-up and wave pressure at specific locations inside and outside the piles, were measured and compared with the
analytical results. This study showed several merits of the perforated pile breakwater, such as allowing permissible
wave transmission to enable seawater exchange and reducing wave run-up, reflected waves, and wave loads due to
energy loss through the porous material. The developed analytical model can reduce the range of design
parameters, thereby providing valuable information for the initial design of a perforated pile breakwater.

Keywords : cylindrical porous pile, pile breakwater, eigenfunction expansion method, model test, wave amplifica-
tion factor, wave pressure
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Fig. 1. Definition sketch of an in-line array of cylindrical porous piles.
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Fig. 2. Schematic diagram of the overall experimental setup and photographs of the installed model and instrumentation.
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Table 1. Incident wave settings and wave parameters through wave separation

Wave separation

Incident wave Impermeable pile Porous pile
period (s) Incident wave Reflected wave Reflection Incident wave Reflected wave Reflection
height (cm) height (cm) Coefficient (-) height (cm) height (cm) Coefficient (-)
0.5 0.10 0.12 1.20 0.13 0.06 0.46
0.6 0.12 0.19 1.58 0.16 0.07 0.44
0.7 0.29 0.27 0.93 0.26 0.05 0.19
0.8 0.34 0.34 1.00 0.32 0.12 0.38
0.9 0.46 0.48 1.04 0.37 0.03 0.08
1.0 0.59 0.59 1.00 0.48 0.04 0.08
1.1 1.58 1.56 0.99 0.57 0.04 0.07
1.2 0.89 0.90 1.01 0.74 0.20 0.27
1.3 0.66 0.65 0.98 0.69 0.19 0.28
1.4 0.32 0.32 1.00 0.56 0.09 0.16
1.5 0.26 0.28 1.08 0.65 0.06 0.09
1.6 0.10 0.19 1.90 0.64 0.00 0.00
1.7 0.20 0.26 1.30 0.79 0.09 0.11
1.8 0.22 0.28 1.27 0.83 0.12 0.14
1.9 0.27 0.32 1.19 0.91 0.21 0.23
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Fig. 3. Amplification factor (77/4) at wave probes #1, #2, and #3 in front of the impermeable pile model.
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Fig. 4. Non-dimensional pressure (|p|/pg4) at the outer surface (A, B) of the impermeable pile model.
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Fig. 5. Amplification factor (77/4) at wave probes #1, #2, and #3 in front of the porous pile model.
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Fig. 7. Schematic diagram of an in-line array of cylindrical porous
piles and amplification factor measurement locations (#/a =

5,a=b).
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Fig. 8. Wave amplification factor (77/4) at positions #1, #2, and #3.
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