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Introduction
In this article, interacting, breaking and overtopping of a solitary wave with a breakwater on a
coast with the slope of 1:20 is modeled with the mesh-free method known as Smoothed
Particle Hydrodynamics. The numerical method models three types of wave breaking and is
compared with experimental results. The first type comprised a turbulent bore rushing inland
the subsequently impacting and overtopping the breakwater. The second type is consisted of a
wave directly collapsing on the breakwater with overtopping flow subsequently generated.
The third type is a wave straightforwardly overtopping upon the breakwater and collapsing
behind it.

The principles of SPH method
Smoothed Particle Hydrodynamics operates of a basis of an interpolation method which let a
function be defined on an irregular set of points. These points are what we call particles. The
fundamental principle it to approximate any function like A(r) by [1]:

)1(( ) = ( ) ( − , ℎ)
Where r is the vector position, h is called the smoothing length and w is the weighting
function which has two fundamental necessary characteristics:

)2(( , ℎ) = 1 → ( , ℎ) = ( )
The approximation in discrete notation, leads to the following approximation of the function:

)3(( ) = ( − , ℎ)
Mass and density are denoted by mj and ρj

Derivative of a function A is calculated analytically as bellow:
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)4(( ) = ∇ ( − , ℎ)
Governing equations
Governing equations for simulating fluid in two dimensions are Navier-Stokes conservation
of mass and conservation of momentum equations [2].

)5(1 + ∇. ⃗ = 0
)6(= −1∇ + 1∇. ∇ + + ∇

Where , p and u are density, pressure and velocity of the fluid, is kinetic viscosity, g is the
gravitational acceleration,h is kinetic viscosity and t is turbulence shear stress.
The using algorithm is a three step one which at its first step the volumetric forces and at the
second step the superficial forces are calculated. At the third step on the basis of calculated
pressure and the continuity equation for making density stay constant the calculated velocities
in the previous steps are being corrected[3].

The experimental model
The experiments were carried out in a two dimensional wave flume (22m long,o.5m wide and
o.75m deep) located in the Tainan Hydraulic laboratory (THL),National Cheng Kung
University. The target solitary waves were generated at one flume end by a programmable
piston-type wave maker using the generation method developed by Goring. The 1:20 slope
starting 10m from the wave paddle and the slop of the trapezoidal breakwater modeled on the
slope starting at a horizontal distance of 306m from the beach toe (x=13.6).Table1 show the
experimental conditions of the solitary wave developed by Goring[4].It should be said that
our numerical model is based upon the experimental conditions showed in Table1.h is water
depth, H is the offshore wave height, R is the freeboard, which is defined as a vertical
distance from the still water level to the breakwater crown, is the wave nonlinearity[5].

Table 1) Experimental conditions of solitary wave R (m)ε = ℎH (m)h ( )
0.0560.350.080.2First type

0.0360.290.06380.22Second type

00.230.05890.256Third type

Results
In this paper the solitary wave based upon the Guizien and Barthelem method is modeled
with the Smoothed Particle Hydrodynamics which has a good adaption with the theoretical
terms governs producing solitary waves [6].moreover the dynamic of wave and structure
interaction show satisfying results.
.
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Fig.1.Qulitative and quantitative comparisons of free surface evolution between laboratory (left column)
and measurement data (right column) (type 1 wave: h=0.2 m, =0.35). Simulated free surface at (from top
to bottom) t=2.63 s, 2.89 s,3.01 s,3.19 s,3.35 s,3.71s.
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