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Influence of Reflecting Boundaries on Waves in a Harbor
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Reflection characteristics of solid boundaries are important parameters when using numerical simulation to study harbor
tranquility. Incorrect treatments of the reflection characteristics can result in an erroneous amplification curve for the har-
bor. This study investigates harbor reflection experimentally and numerically. In particular, we study frequency-dependent
reflection characteristics of the quay-wall in a harbor by performing a series of laboratory experiments using porous quay-
walls with various porosities and wall thicknesses. Experimental results of the frequency-dependent wave reflection coeffi-
cients are then introduced into numerical models of harbor tranquility to treat the boundary reflecting problem. Simulation
results show that the reflection coefficient significantly influenced the wave amplification curve and resonant wave period.
Also, the energy dissipation efficiency of the quay-wall on waves seems to be overestimated when the quay-wall’s reflection
coefficients are treated as a constant. This study also shows that using experimentally derived reflection coefficients for the
present numerical wave model is a rational approach to studying harbor resonance.

INTRODUCTION

Maintaining tranquility inside a harbor is one of the main
concerns in harbor design. Numerous studies have focused on
this problem using theoretical, numerical or even experimental
methods to investigate the mechanism of wave-induced oscilla-
tion inside a harbor. Among them, numerical approaches seem
to be more time efficient than hydraulic model experiments.
Thus, various numerical schemes were developed to analyze wave
refraction, diffraction, reflection and dissipation phenomena in the
harbor.

For example, Mile and Munk (1961) considered the wave
energy radiation effect expanding from the harbor entrance toward
the offshore and applied the Green function to analyze harbor
oscillation. They found an inverse relationship between the size
of the harbor entrance and the intensity of the resonance and
called the phenomenon the Harbor Paradox. Ippen and Goda
(1963) applied the Fourier transformation method to study har-
bor resonance in a rectangular harbor. They obtained a solution
by approximately matching the wave amplitude and velocity at
the entrance. Hwang and Tuck (1970) used the boundary integral
method to calculate oscillation in a harbor with a constant depth
and arbitrary shape. Lee (1971) discovered that the energy trapped
by the harbor leads to an amplitude of oscillation that is far
greater than incident wave amplitude. Berkhoff (1972) derived the
well-known mild-slope equation to describe wave refraction and
diffraction and applied a finite element method to solve the com-
bined effects of wave refraction and diffraction. The sea-bottom
friction and absorption boundary was considered by Chen (1986);
he used a hybrid boundary element method to analyze wave-
induced oscillation in a harbor with arbitrary shape and depth.
Tsay et al. (1989) considered the effects of topographical variation
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and energy dissipation and developed a finite element numeri-
cal model to investigate wave refraction, diffraction, reflection
and dissipation phenomena. Isaacson and Qu (1990) used linear
diffraction theory and a boundary element method to predict the
wave field in a harbor containing partially reflecting boundaries.
Chou and Han (1993) employed a boundary element method to
take into account the effect of partial reflection along boundaries
to develop a numerical method to predict wave height distribution
in a harbor with arbitrary shape and variable water depth. Su et al.
(1993) considered wave energy dissipation due to a porous wave
absorber; they developed a numerical model to solve the porous-
wall harbor as a practical harbor. Nardini and Brebbia (1983)
first proposed the Dual Reciprocity Boundary Element Method
(DRBEM) for free vibration analysis. This numerical technique
was then used by Lin et al. (1999) to study wave-induced oscil-
lation. Hsiao and Fang (2005) employed the mild-slope equation
as the governing equation and used this numerical technique to
solve the resonant problem while taking into account the effect
of energy dissipation. Lin et al. (2002) considered the effect of
energy dissipation along boundaries, and the numerical results of
wave absorption characteristic of porous media that were obtained
by Mallayachari and Sundar (1994) were employed to improve
their numerical model of harbor tranquility.

The reflection coefficients of solid boundaries used in numer-
ical simulations for harbor resonance are often taken as fixed
values, which may cause problems because reflection coeffi-
cients of coastal structures are dictated by the period of the inci-
dent wave. The reflection coefficient approaches a constant value
only when the waves are in a certain range of periods. Hence,
using a fixed coefficient to describe wave reflection for waves
with different periods is unsuitable. In a practical application,
the MIKE 21 Boussinesq Wave (BW) Module of the Danish
Hydraulic Institute, a commercially available wave model, solved
the enhanced Boussinesq equation (Madsen and Sørensen, 1992).
For the boundaries, instead of using a fixed reflection coefficient,
the BW module took into account the porosity and the effects of
non-Darcy flow through porous media to model partial reflection,
absorption and transmission of wave energy for a porous struc-
ture, such as a rubble mound breakwater (Madsen and Warren,




