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Numerical modeling of the interaction between waves and coastal structures is a challenge due to the many nonlinear
phenomena involved, such as wave propagation, wave transformation with water depth, interaction between incident and
reflected waves, runup/rundown and wave overtopping. For simulating such complex free-surface flows, numerical models
based on Lagrangian formulation, such as Smoothed Particle Hydrodynamics (SPH), are on option. Even though validation
of these numerical models is essential, comparing numerical results with experimental data is not an easy task. In the
present paper, an SPH numerical model is validated comparing numerical results of waves interacting with a composite
breakwater with data obtained from physical model tests carried out in one of the LNEC’s flumes. To achieve this validation,
the experimental setup was determined to be compatible with the characteristics and capabilities of the numerical model.
Therefore, the flume dimensions are exactly the same for both the numerical and physical model and conditions of wave
generation are identical, which allows determining the accuracy of the numerical model, particularly regarding complex
phenomena such as wave propagation, wave-breaking and impact loads on the vertical front of the composite breakwater.
The numerical results agree well with the physical model tests. The free-surface level is well estimated, with a concordance
index between 90% and 97%. Pressure at the vertical wall shows impact loads with high intensity and short duration with
a concordance index between numerical and experimental of about 80%.

INTRODUCTION

Coastal structures are built to act as an obstacle to natural wave
propagation, creating areas of reduced wave activity. Their effi-
ciency depends on their ability to dissipate or reflect wave energy.
Composite breakwaters, consisting of a rubble foundation and a
concrete caisson, have been designed as an alternative to rubble-
mound breakwaters, with the main advantage of reducing costs,
improving hydraulic performance and construction time. However,
wave reflection, and especially wave loads, increase considerably
due to the characteristics of the cross-section of the composite
breakwater.

Prediction of wave forces on caisson-type breakwaters is diffi-
cult, especially in the case of impact loads that strongly depend
on wave reflection and breaking, which affect wave characteris-
tics near the structure. The forces on a composite breakwater are
usually predicted using a semi-empirical formula. However, direct
application of this formula is limited to simple structural config-
urations and to specific wave conditions. In practical engineering
case studies, physical modeling is usually also undertaken, which
permits a reliable evaluation of the structure’s efficiency.

Numerical models have been further developed and their use
is becoming increasingly attractive. However, only few numerical
models allow the simulation of the complex phenomena of wave
breaking and overtopping and forces at vertical structures.
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Recently, models based on the Lagrangian method, such as
the Smoothed Particle Hydrodynamics (SPH) approach, have
emerged. The method is based on the SPH formulation of Navier-
Stokes equations and on a completely mesh-free technique.
Monaghan, in 1994, showed that SPH is a promising alternative
to simulate free-surface flows and wave breaking. Different mod-
els have been developed and there are many different numerical
implementations. However, there are 2 main numerical approaches
for modeling free-surface flows: The weakly-compressible SPH
approach (WCSPH), where fluid pressure is related to particle
density using an equation of state (Monaghan, 1992; Dalrymple
et al., 2001; Crespo, 2008), and the incompressible SPH approach
(ISPH), where fluid pressure is calculated solving a Poisson equa-
tion (Gotoh et al., 2001; Shao, 2010).

While the kinematics of SPH simulations is generally realistic,
the pressure of the particles can exhibit large oscillations. Gómez-
Gesteira et al. (2010) show that filtering density (i.e. renor-
malization of particle density) is necessary to obtain a good
representation of a dam-break flow and pressure field without
oscillations. However, filtering density influence seems to be more
complex for wave propagation.

Recent studies for analyzing the influence of filtering density
used in WCSPH models and conventional and Riemann solver-
based formulations were performed by Hughes et al. (2010) and
Rogers et al. (2010), for regular wave impacting a vertical wall.
Hughes et al. (2010) compared ISPH and WCSPH models, with
and without filtering density, for waves impacting a vertical wall.
Both methods have shown they are able of simulating pressure
on the vertical wall due to wave impacts. The predictions for
the wave impacts have shown to be in agreement, qualitative
and quantitative, with available experimental data. Results from




