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A Tentative Friction Coefficient for Perforated Breakwaters
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An analytical model based on a permeability parameter is developed to study the interaction of normally incident regular
waves and a Jarlan-type breakwater with a rock-filled chamber. A numerical method is based on an eigenfunction expansion
method and utilizes a modified matching and free-surface boundary conditions for the rock-filled core. Using the experimen-
tal work of previous authors, the predictability of the developed model is verified. This paper interprets and examines how
nonpropagating waves affect the hydraulic behavior of the breakwater. It’s found that only 2 terms of evanescent modes are
necessary to be confident about the accuracy of the results.

INTRODUCTION

Perforated breakwaters (one of the most famous permeable
breakwaters) minimize environmental impact by allowing water
circulation and enhancement of water quality. These save con-
struction costs by dividing the wave force acting on the front wall
of an impermeable breakwater into 2 parts, which are acting on
2 different walls with different phases. Also, the reflection rate
of waves from a breakwater and the wave runup can be reduced
as wave energy is dissipated when it transmits over a porous
medium.

Initial studies of the flow inside a porous medium were
described by Darcy’s law (Darcy, 1856). A first attempt to mod-
ify Darcy’s law was presented by Sollitt and Cross (1972). Later
Mei et al. (1974) expressed the barrier resistance in terms of
head loss coefficient and the inertial effects in terms of effec-
tive orifice length. Since the early application proposed by Jarlan
(1961), there have been many studies on wave action with per-
forated structures with the adoption of the above approximations.
Numerical solutions for a variety of porous structures have been
developed based on eigenfunction methods (e.g. Dalrymple et al.,
1991, among others) and long wave approximation (e.g. Madsen,
1983, among others). A variety of studies have been performed to
determine the performance of perforated breakwaters based upon
eigenfunction methods. The majority of those referenced here
have assumed perforated breakwater to be thin barriers. Therefore
matching conditions are applied across the breakwater. Finally the
flow through the permeable breakwater is taken to be proportional
to the pressure gradient. The adoption of the above methods to a
Jarlan-type breakwater (JB) has been suggested by Kondo (1979),
Fugazza and Natale (1992), and Losada et al. (1993), among oth-
ers. For a brief survey of experimental and numerical studies
about JB breakwaters, see Nejadkazem and Gharabaghi (2012b).

So far, the nonpropagating waves have not been comprehen-
sively studied. This is precisely the objective of this study. For
mathematical modeling, an analytical solution of a JB with a rock-
filled core is developed based on an eigenfunction solution to the
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corresponding linearized boundary value problem. An innovative
and effective formula for friction coefficient of a perforated front
wall is suggested. Below, Analysis of Results and Discussion
deals with the effect of nonpropagating waves on the hydrody-
namic behavior of the perforated breakwaters. Then, we discuss
the number of necessary evanescent modes for achieving accuracy
of results. Finally, we discuss estimated values of geometric fea-
tures for the optimum performance of a JB with a rock-fill core.

MATHEMATICAL MODEL

Geometry of Problem and Related Hydraulic Characteristics

An idealized geometry of the 2D problem is shown in Fig. 1.
The breakwater is the JB, which consists of a perforated front
wall, a chamber filled with large diameter rock fill, and an imper-
meable back wall. In this article the eigenfunction expansion
method is used. Especially, the method developed by Isaacson
et al. (2000) is followed with some modifications, e.g., the estima-
tion of friction coefficient. For a comprehensive treatment and for
references to the extensive literature on the mathematical model-
ing, one may refer to the article by Nejadkazem and Gharabaghi
(2012b). The breakwater is subjected to normally incident regular
waves of height Hi and angular frequency �, in water depth h.
The thickness of the perforated front wall is w, and the chamber
width is b. It is assumed that the fluid is inviscid and incompress-
ible, the flow is irrotational, and the incident wave is of small
amplitude. Then a velocity potential ê4x1 z1 t5 can be written as:
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where Re67 denotes the real part of the argument; i =
√

−1; t is
time; k is wave number; g is gravity constant; and �denotes the
spatial velocity potential.

Fig. 1 Coordinate system and main structure




