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Summary

The ability of a coastal or ocean engineer to predict the wave reflection and
transmission through a submerged breakwater plays an important role when assessing
the overall effectiveness of such a structure in protecting a harbor and beach from
ocean waves. The reflection characteristics may indicate the accessibility to the harbor
through the breaker’s influence on the wave near the entrance of the harbor, while the
transmission characteristics may show the effectiveness of the breakwater to protect the

harbor from the energy of incident waves.

In addition to wave protection, submerged breakwaters have several advantages on
the coastal environment and the ecosystem:. Thus; the development of analytical models
for these structures has recently received considerable attention. Analytical studies have

been performed to predict the wave height of reflected and transmitted waves.

Historically, the mathematical treatment of water wave theory by various
investigators assumed a rigid, impermeable horizontal bottom. In nature, however, the
actual bottom varies drastically from locales in the Gulf in Mexico where the muds
behave as viscous fluids, to riffled porous sand beds, to rough rocky bottoms. The
degree of bed rigidity, the porosity, and the roughness all influence the wave profile.
This interaction with the bottom results in wave damping and a local change in wave
kinematics. Significant wave damping can occur if the bottom is very soft, or if the
waves propagate a long distance; in either case, conventional methods are no longer

strictly valid

_vi_



If the presence of the wave over the bottom results in significant seabed deformation
and stresses, soil failure and significant forces on buried pipelines and on

bottom—mounted structures may occur(Dean and Dalrymple, 1984).

The objective of the this paper is to develop analytical model to predict the motion of
incident, reflected, transmitted waves over porous bottom. For the case of an arbitrary
structure in the arbitrary bottom, the fluid action becomes the motion of energy
dissipation due to fluid resistance caused by the geometry and material of the structure.
Since energy dissipation is generally nonlinear, a linear coefficient of flow resistance
corresponding to the velocity of the structure is introduced. In conventional analytical
methods, the unknown velocity potential is used as the continuous function between
analytical domains(Kioka, 1989; HF; and /=K, 1971). However, the problem is difficult

to solve analytically because of the inhomogeneous and anisotropic domain.

The theoretical approach used in this paper is based on the wave function, which is
the continuous function throughout the analytical region, including the fluid and
submerged breakwaters. The unknown quantity expressed by the wave pressure
function is simulated using a boundary element method(Takikawa and Kim, 1992a,
1992b). In order to verify this method, the reflection and transmission coefficient of a
submerged breakwater are investigated. The numerical results are compared with other

theoretical ones.

As a result of this study, the wave over porous bottom of unlimited thickness

travels being damped in shallow water. But the wave in deep water travels

without being damped.

- vii -
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Fig. 9. Wave propagation on uniform impermeable bottom.
(h/L =0.1)
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Fig. 25. Wave profile and velocity field in the vicinity of submerged

trapezoidal breakwater on uniform porous bottom.
(R=0.1,h/L =0.1)
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porous bottom. (R=10.1,h/L =0.1,¢=0.1)
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