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I. INTRODUCTION 

Until a few decades ago, the use of fibre-
reinforced composites in marine environment 
was limited to sport vessels (speedboats, jet 
skis, sailing yachts) and a number of military 
applications. The composite structure was 
designed very stiff and quasi-rigid, in order to 
resist the slamming wave impact. Calculation 
of the peak pressure of slamming waves in the 
above said cases has been studied thoroughly 
and validated formulae exist.  Wave impact or 
slamming is characterized by high local peak 
pressures (upto 10 bar and more) with a very 
short duration (typically milliseconds) [1]. 
Two types of slamming are distinguished:            
(i) bottom slamming, where the structures 
rises out of the water and then falls back into 
the water, and (ii) breaking wave slamming, 
where a wave breaks just at the moment that it 
hits the structure from the side. 

In recent years however, composite 
materials are applied more and more in ship 
construction (catamarans, high speed craft,...) 
and offshore structures, because of their 
corrosion resistance, limited maintenance, 
long life time (up to 20 years) and sometimes 
even cheaper cost. Moreover, demands of 
light weight engineering and reduction of 
material consumption lead to less massive 
structures that can no longer be considered as 
rigid. This is basically a good thing, because 
if the structure allows for any deformation, 
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the local peak pressures induced by slamming 
waves will be lower than in the case of a rigid 
structure. However, the effect of slamming 
wave impact on deformable composite 
structures and the evolution of the possible 
damage has hardly been studied, and there is a 
need for fundamental research to answer the 
following questions like: 
• What is the effect of this very local peak 

pressure? 
• Which damage is caused by the repeated 

wave impact in the composite structure? 
• What are the possibilities of numerical 

models with fluid structure interaction, to 
accurately calculate the local 
deformations in the composite? 

One area of application for slamming wave 
impact on deformable composites is wave 
energy converters (used for absorbing energy 
from waves). Figure 1 shows Tsai-Wu 
(criteria used for studying the composite 
failure) measure for two different 
configurations of a cone-cylinder-cone shaped 
wave energy converter.  

 

 
Figure 1 : Tsai-Wu measure for the eight 

layered Wave Energy Converter with foam 
(left) and without foam (right) 

 
Since 2005, the research group Mechanics 

of Materials and Structures (Ghent 
University) is a partner in the European 
project ‘Sustainable Economically Efficient 



Wave Energy Converter (SEEWEC)’ [2] 
about the design of a wave energy converter. 
From this project it clearly appeared that 
some deformation of the composite structure 
under that kind of slamming should be 
allowed in practice, because a quasi-rigid 
design would result in such a thick and heavy 
structure that the material cost is unacceptably 
high. 

II.  NUMERICAL SIMULATIONS USING FLUID 

STRUCTURE INTERACTION (FSI) 

Though the hydrodynamic slamming 
pressures only last some fractions of a second, 
they can locally cause severe damage to the 
objects. A numerical method for estimating 
hydrodynamic impact pressures was obtained 
with the aid of the Department of Fluid 
Mechanics at Ghent University. As a fluid 
solver the commercial CFD software package 
Fluent 6.3 and as structural package Abaqus 
6.7 is used. To model the multiple phases, the 
Volume of Fluid model, included in Fluent, is 
used for all the simulations. The simulations 
were performed in 2D with a laminar scheme 
and both the water and air phases were 
defined as incompressible. Figure 2 represents 
a 2D grid used for the above said simulation. 
The portion of the grid with blue background 
is air, with white background is water and 
with red/pink background is solid cone 
geometry. 

Further, coupling algorithms for fluid 
structure interaction, developed by Fluid 
Mechanics department of Gent university will 
be implemented for this specific problem of 
slamming (choice of element type, boundary 
conditions, mesh topology,...). 

In the next steps 2D and 3D models will be 
developed in Abaqus for the composite 
material. 

III.  VALIDATION AND PARAMETRIC STUDY 

Once we have the numerical results, they 
will be validated with the experimental results 
for deformable composite structures. The 
experimentally measured parameters 
(pressures, decelerations, strains, fluid 

motions, etc.) will be compared directly or 
indirectly via derived quantities, with the 
coupled numerical simulations in Fluent 
(fluid) and Abaqus (composite structure).  

 
Figure 2 : Computational grid for cone 

(values in meters). 
 
In a final step, the elaborated numerical 

models will be used for an extensive 
parametric study of the effect of geometrical 
and mechanical properties of the deformable 
composite structure on the slamming event. 
Further, the findings will be correlated with 
the existing design rules for slamming of rigid 
bodies, so that quantitative comparisons 
between slamming of rigid bodies and elastic 
bodies with the same geometry are possible. 
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