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ABSTRACT
Seawall is one of the most common structures in coastal engineering.
The seawall of composite profile has been used in protection projects
on soft foundation. Offshore submerged-dike, which can cause wave
breaking and energy dissipation, weaken the wave impact, has been
widely used in protection projects on soft foundation. The 2D
numerical wave flume, based on the RANS equations and the VOF
method, is developed to study the effect of offshore submerged-dike on
overtopping over composite seawall. The distance between main
seawall and submerged-dike was changed and several wave heights
were adopted. The numerical results are validated by the experimental
data in terms of the overtopping discharge. It turns out that the
maximum overtopping discharge appears when the submerged dike
locates near the anti-node of the nonlinear partial standing waves in the
front of seawalls, while the small overtopping discharge appears when
it is near the node.
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INTRODUCTION
When coastal buildings or roads are threatened, the typical response is
to harden the coast with a seawall. Seawalls run parallel to the beach
and can be built of concrete, wood, steel, or boulders. When storms
attack the coastal areas, waves break against seawalls throwing water
and spray over the top. Violent overtopping events can be extremely
dangerous with people, cars and facilities in coasts. Waves generated
by storms, either locally or offshore, exacerbated by high tides and low
air pressure lead to the disruption of road services, flooding, structural
damage and occasionally loss of life. For the design and maintenance
works of coastal structures, reliable predictions of wave overtopping
are required. Empirical formulae exist for dikes, rubble mound
breakwaters and vertical breakwaters, however, often there are no
suitable theoretical or numerical methods available for structures that
deviate from standard shapes in appearance.
Traditionally, physical model experiment approaches have been used to
evaluate the overtopping over some seawalls of composite profile for
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specific projects and a large data set obtained from numerous physical
model tests can be found in literature. For the seawall of composite
profile, there is usually a submerged dike in the font of the main
seawall, which could protect the bottom near the toe of the seawall
from local erosion under the effect of waves and also generate wave
breaking with significant energy dissipation. However, it needs more
effort to research into the mechanism of effects of the submerged dike
on the runup and overtopping against the seawall of composite profile.
Owing to the presence of returning jet and breaking waves, flows
become highly turbulent. Development, refinement and applications of
the Numerical Wave Tanks have been recognized as one of most
intensively studied topics in the field of coastal and ocean engineering.
One kind of the numerical models is based on the depth averaged
Navier-Stokes equations, including the shallow water equations and the
family of the Boussinesq equations. These models are suitable for
describing hydrodynamic flows with the free surface in the sense of the
hydrostatic assumption based uniform distribution of horizontal
velocities and the specific distribution of horizontal velocities from the
Boussinesq approach without hydrostatic assumption. The depth
averaged hydrodynamic model is no long valid for the flows with
violently distorted free surface, such as breaking waves and
overtopping, even though there are several papers concerning the
numerical simulation of overtopping by the use of the shallow water
equations. Hu et al (2000) proposed a systematic comparison of
overtopping over seawalls of simple slope profile among the
experimental data and the numerical results obtained by the nonlinear
shallow water equations. Even though it turns out that the shallow
water equations based numerical model works well for prediction of
overtopping, it is hard to extend this kind of mathematical models to
simulate violent overtopping when wave breaking and air entrainment
appear.
Another kind of mathematical models is the numerical solution of the
Reynolds averaged Navier-Stokes equations for turbulent flows of
incompressible fluids in which the specific approach is used to simulate
the changes of the free surface. In the passed ten years, there is
significant progress in the development and application of the RANS
based numerical wave tanks, including the numerical schemes and
algorithm of the Navier-Stokes equations, the numerical approaches for
the violent deformation of the free surface and the of numerical and

