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ABSTRACT: In this study, the effects of the water impact induced loads, also known as slamming loads, on
sandwich composite structures are studied. This fluid-structure interaction problem is investigated using the
ALE formulation included in the commercial software LS-DYNA. The computational fluid dynamics model
presented is validated through the comparison of the rigid structure results with published experimental data.
The finite element analysis is also validated through the simulation with input data given from another pub-
lished research and with the comparison of the composite structural results from the same research. The water
entries of composite panels with the combination of different deadrise angles and entry velocities are simulat-
ed. The results of the slamming loads and displacements on the panel are then summarized and discussed.
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1 INTRODUCTION

In naval architecture, “slamming” is the term used to
describe the impact of the ship hull onto the water
surface at high velocity. The impulsive loads due to
slamming can be very extreme, not only on the bot-
tom of the ship but also in the upper regions of the
hull where there is a lot of water displacement and
splash up. The earlier studies have concluded that
the deadrise and the impact velocity are the parame-
ters that contribute the most for this type of hydro-
dynamic loading on the structure. Generally, the
slamming pressure is higher when the velocity is
higher and the deadrise is lower. Most researchers
applied the simplified approach to the hull slamming
problem by considering a rigid body for calculating
the hydrodynamic loading and then projecting its
structural response onto the flexible structure in
quasi-static manner.

The local hydroelastic effect on slamming prob-
lems has been paid much attention since 1990s , due
to the development of high-speed vessels. Faltinsen
(1999) showed that the significance of hydroelastici-
ty for the local slamming-induced maximum stresses
increased with the decreasing of the deadrise angle
and the increasing of the impact velocity. A review
work of the slamming of ships has been presented by
Wang and Guedes Soares (2017). It has been con-
cluded that the global hydroelastic response of ship
hulls is of importance for long and slender ships, in-
cluding the recent ultra large containerships. For
shorter ships this can only occur if they are made of
composite materials, which are significantly more

flexible than steel (Santos et al., 2009; Qin and Ba-
tra, 2009).

Nowadays, the use of composite materials in the
marine industry is increasing, because of the excel-
lent strength to weight characteristics, corrosion re-
sistance, and lower maintenance and repair costs.
Marine composites also have significant drawbacks,
such as lower impact resistance and lower quasi-
isotropic elastic modulus. It’s very important to take
special care with the slamming loads that may be in-
duced to these ship’s structures as these vessels also
have the tendency to be designed with small
deadrise angles and to reach high speeds, which as
explained earlier, results in very high slamming
loads.

Being the composite materials composed by at
least two materials, it imposes additional difficulty
when designing structures with this type of materi-
als. The added difficulty on the design is due to the
fact that these materials have very different proper-
ties and although the resin can be considered
isotropic, the fibres are generally orthotropic. Using
a CFD method for calculating the loadings on the
structure in conjunction with FEM for analyzing the
actual structural response is one of the fastest, safest
and cheaper ways of designing composite structures
that are subjected to hydrodynamic loads. The cou-
pled CFD/FEM methods have been widely used to
investigate the slamming problem of ships. Lu et al.
(2000) employed the coupled BEM/FEM to study
the hydroelastic effects with the panel modelled as a
Timoshenko beam. The fully coupled ALE/FEM has
been used by Wang and Guedes Soares (2014, 2016)



to investigate the hydroelastic water entry of an elas-
tic wedge section and a flat steel plate.

In this study, the water entry of a composite panel
is simulated using the coupled ALE/FEM method
which is implemented in LS-DYNA. The ALE
method is validated through the comparisons of
slamming loads with the published experimental
data considering both a rigid and a flexible compo-
site panel. The hydroelasticity effect in the water en-
try of wedges is studied through the comparison of
the results obtained for the rigid wedge with the ones
obtained for the flexible composite wedge. Different
deadrise and entry velocities are applied.

2 THEORETICAL BACKGROUND

The slamming problem has been in investigation for
a long time and although the current tendency is to
approach these problems using numerical methods,
the slamming problem was firstly approached using
some of the analytical and experimental methodolo-
gies explained in this chapter.

2.1 Slamming formulations

The slamming problem was firstly theoretically pre-
sented by von Karman (1929) who estimated the wa-
ter impact forces on the sea plane floats by using the
momentum theory. Later, Wagner (1932) presented
an asymptotic solution for the water impact of 2D
rigid bodies with small deadrise. This theory is pro-
posed with the assumptions that the fluid is ideal, the
gravity acceleration can be neglected and that the
wedge draft during the water entry is much smaller
than the wetted width. Figure 1 presents the water
entry problem of a wedge section, where ' is the
entry velocity, £ the deadrise angle and L the half-
wetted width:

Figure 1. Water entry problem of a wedge section.

Wagner (1932) defines the velocity potential as:
0=—V>yL*—x2 |x| < L(t) (1)

The pressure distribution is given by the Bernoulli
equation. Neglecting its gravity term results in:
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The wetted width is given by:
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and the slamming pressure coefficient is defined as:
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Substituting equations (1) (3) and (4) in the Bernoul-
li equation and assuming that the impact velocity is
constant, yields:
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Which is then solved for the maximum slamming
pressure coefficient of Wagner’s theory:

]T:
Cp max = 1+ ttan?g (6)
Based on experimental tests, Ochi and Motter (1973)
presented the non-dimensional pressure coefficient
in a form of a proportional constant:

k = exp(1.377 + 2.419a, — 0.873a, + 9.624a.) (7)

where a,. a,, a- are the regression coefficients, that
model the section. Stavovy and Chuang (1976) also
presented a regression polynomial for the non-
dimensional coefficient:

288k,
ke = cos* B(x0) (8)
where k, is a coefficient that is dependent on the
deadrise and can be obtained from the polynomials
presented in the same research.

2.2 Composite material formulations

The most common type of composite material used
in the marine industry is the FRP, that is composed
by a resin, which is the matrix, and the fibres, which
are the reinforcement material. The sandwich con-
struction is another type of FRP application, in
which, instead of building a solid laminate, a lighter
material is used to quickly build thickness with
small weight increment. The laminate will be com-
posed of two FRP skins with a core material in the
middle, usually a foam or a honeycomb. As the core
material is much lighter than the skins, its thickness
can be very high when compared with the skins.
This will result in a very stiff and light composite.
Since the skins are situated at the outer part of the
laminate and are much stronger and stiffer than the
core material, all the tensile and compressive loads
are absorbed by them. Then, the core material will



mainly be subjected to shear stresses induced from
the skins and eventually some compressive stresses.

When working with FRP composite materials,
one of the most important factors that influences the
final composite properties is the ratio between the
fibres and the resin. This ratio can be expressed in
terms of weight or volume and can be presented in
relation to the resin or to the fibre.

The following expressions show the relations be-
tween the ratios, the volumes and the masses in the
composite, where m, v, p is the mass, volume and
density, respectively, M is the mass fraction and V" is
the volume fraction. The f and » index will indicate
whether the property its related to the fibre or to the
resin:
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The general expressions for the density appear as:
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Relating these expressions, results in:
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For composite materials, the thickness, in mm, of
one cured ply can be approximated by:
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Relating the thickness with the fiber mass fraction
results in:
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In a production environment, it becomes easier to
use equation (16) instead of (15), as the fibre mass
fraction can be easily calculated at the production
facility by the expression (9), since both the weight
of the fibres before the lamination and the final part
weight can be easily determined.

3 COMPUTATIONAL MODEL

The water entry problem is simulated by using the
ALE algorithm which is implemented in LS-DYNA
971, an explicit finite element commercial code. The
calculations are performed by using the double pre-
cision solver. A multi-material Eulerian formulation
and the penalty coupling algorithm developed by
Aquelet et al. (2005) are applied to simulate the fluid
and structure interaction problem. The Lagrangian
formulation is used to describe the plane-strain de-
formations of the structure with considered geomet-
ric nonlinearities.

3.1 Materials

The composite wedge modeled in this study is made
from a sandwich laminate. The laminate schedule is
composed by three layers of 800 g/m* glass woven
roving (0°/90°) at each skin being the layers oriented
along and perpendicular to the wedge. The core ma-
terial selected is a PVC foam with a density of 80
kg/m® and with a thickness of 15 mm. The matrix
for this laminate will be a vinylester resin. Assuming
that the composite was produced using the infusion
technique, the Bureau Veritas (2012) rules suggest
that a mass fraction of 0.6 can be considered. With
this assumption it’s now possible to calculate several
laminate properties using the composite material
formulations proposed in the same rules. The rules
also suggest that the density of E-glass type fibers
can be approximated to 2.570 g/cm*. The same
goes for a vinylester resin, with a density of
1.100 g/cm?. The total mass per square meters of
dry reinforcements at each skin is 2.4 kg/m*. Using
the composite material formulations proposed by
Bureau Veritas (2012), it’s possible to obtain mate-
rial characteristics presented in Table 1 and 2:

Table 1. Core mechanical properties.

Density 80 kg/m3
Elastic Modulus 67 MPa
Shear Modulus 31 MPa

Poisson Coefficient 0.08 -

Table 2. FRP skin mechanical properties.

Density 1675 kg/m3
Elastic Modulus (X direction) 18.31 GPa
Elastic Modulus (Y direction) 18.31 GPa
Elastic Modulus (Z direction) 5.83 GPa
Shear Modulus (X direction) 2.65 GPa
Shear Modulus (Y direction) 2.65 GPa
Shear Modulus (Z direction) 2.38 GPa
Poisson Coefficient (XY direction) 0.072 -
Poisson Coefficient (XZ direction) 0.226 -
Poisson Coefficient (YZ direction) 0.226 -




3.2 Model geometry

The two-dimension computational model, presented
in Figure 2, is composed by the air, the water and the
wedge. As suggested by Luo et al. (2011), the water
domain dimensions should be at least five times the
dimensions of the wedge, in both x and y directions.
Since the wedge must be initially modeled above the
air-water interface, the air domain height must be
able to contain the wedge body with sufficient mar-
gin around the body. The air domain width should
also be equal to the water domain. Since the problem
is symmetric, only half of the wedge, air and water
is modeled. The water and air sizes are fixed, being
the water domain size 1250x700mm and the air do-
main size 1250x200mm. The wedge length is fixed
at 300mm, being the deadrise angle varied according
to the simulation. The wedge’s keel point is initially
situated 25mm above water.
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Figure 2. Model geometry.

3.3 Element selection

To model the fluid, the elements modeling the water
and the air must be ALE solid elements, which is an
eight-node brick element. The composite wedge
mesh can be modeled either using only shell ele-
ments, only solid elements or a combination of both.
Modeling the wedge mesh using only shell elements
can result in a simpler model. Composite parts are
often modeled using shell elements as they generally
approximate well the “sheet” behavior (thickness
much smaller than length and width). As the object
in study is composed by a composite sandwich
structure, it could make sense to model at least the
core material with solid elements, as the thickness of
this material is higher. Despite the added difficulty
to get plausible values for the composite materials
(especially in the out of plane direction) it was de-
cided to model the whole wedge mesh in solid ele-
ments, also eight node structural bricks. This enables
to obtain structural results in the out of plane direc-
tion which is along the thickness of the structure.
This can be useful to address structural problems
like delamination or core failure due to excessive
compression stresses.

3.4 Mesh

The mesh presented in Figure 3 is similar to the one
presented in Luo et al. (2011) research, in which is
suggested that the water domain in which the wedge
Is expected to penetrate must be refined. This re-
finement is performed equal in both directions, re-
sulting in square elements. The air domain also con-
tains a refinement, taking in account the effects of
the jet flow and the surface elevation. The element
size should then increase, progressively, between the
mesh refinements regions and the outer boundaries
of the model.

The mesh size of a computational model is usually
one off the parameters that influences the most the
results, being so important that it can even compro-
mise the results applicability. Three meshes were
produced and simulated, being their characteristics
presented in Table 3. The results show that the mesh
with smaller element size, 1.25mm, outputs smooth-
er results. This element size is the one adopted for
all the simulations, with the expense of an increased
simulation time.

Table 3. Mesh characteristics, parametric study

Parameter Model 1 Model 2 Model 3
Element Size 5mm 2.5mm 1.25mm
Fluid elements 4725 14490 49500
Structure elements 464 928 1856
FSI boundary elements 58 116 232
Mesh refinement factor 4 2 1
Computing time (h:min)*  0:04 0:19 1:17
Memory required 28GB 82GB 23.2GB

* Using a 16-core, 3.4GHz workstation
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Figure 3. Computational model mesh.

3.5 Boundary conditions and equations of state

As the Eulerian fluid materials are defined as null,
it’s necessary to establish an equation of state for
each of them. For the water, the Gruneisen equation
of state is chosen, while in the case of the air, the
linear polynomial equation of state was adopted, as
explained in Wang and Guedes Soares (2014b)

To achieve two-dimensionality, the dimension of
the model in the Z direction is only one element size.



It’s also necessary to limit all the nodal displacement
in the Z direction.. The symmetric boundary condi-
tion is applied on the symmetry plane wall of the
model. Non-reflecting boundary conditions are also
added to the other outer walls of the fluid domain,
eliminating possible reflections. Velocity inputs are
added to the keel point and to the other end of the
wedge. Additionally, in the first time-step, an initial
velocity is added to all nodes of the wedge, eliminat-
ing the initial vibrations of the wedge. The simula-
tion time is calculated through the wedge geometry
and the initial velocity to make sure that the section
will be totally submerged in the water.

3.6 Model setup

The ALE method uses penalty forces to accomplish
the coupling between the fluid and the structure. The
penalty factor PFAC, is a scale parameter that acts
on these penalty forces. LS-Dyna provides a specific
output to quantify the energy absorbed by the cou-
pling mechanism which is the contact energy output.
The penalty factor should be tuned in a way that the
contact energy absorbed at the coupling interface is
small when compared to the internal energy, which
is the energy contained in the system. It’s possible
for LS-Dyna to output a result with negative contact
energy. This indicates that the model needs better
parameter tuning and can also indicate other prob-
lems like leakage. Adopting a low PFAC value re-
sults in a very stiff structure which induces forces on
the structure that are not real, as can be seen in the
average pressure comparison example of Figure 4.
These can be easily noticed with the increase of the
contact energy, as demonstrated in the Figure 5 ex-
ample. On the other hand, an higher PFAC value re-
sults in undesired oscillations in the fluid structure
interface and can result in leakage. A good compro-
mise for moderate deadrise and impact velocities is
generally obtained by using 0.01 as the value for
PFAC.

The number of coupling points parameter,
NQUAD, determines how many points, equally di-
vided, in each Lagrangian segment are dedicated to
the coupling algorithm. During the simulation, the
algorithm applies the coupling forces to these points.
Similar to the PFAC, a higher number of coupling
points increases simulation time but reduces leakage
at the fluid structure interface. Three coupling points
are generally sufficient to model the interface.

Finally, the time step factor enables the user to es-
tablish a scale coefficient in relation to the critical
time step calculated by the software. Reducing the
time step factor can help solving instability issues
caused by the fast-evolving nature of the simulation
but will also result in longer simulation times.
Adopting 0.9 as the general value for the time step
factor is generally sufficient.
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As explained earlier, the setup parameters pre-
sented above are generally adequate for moderate
velocities and deadrises, but each simulation must be
checked in terms of stability and validity, as the
lower deadrises and higher impact will often present
problems like leakage or other instability issues.
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Figure 4. Average pressure comparison example.
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Figure 5. Contact energy comparison example.
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4 RIGID BODY MODEL VALIDATION SETUP

Rigid body model validation will be performed by
comparing the computational results with the exper-
imental results obtained by Zhao et al. (1996) and by
the numerical ones of Luo et al. (2011). Figure 6
presents the geometry adopted. Table 4 describes the
input parameters used in this validation simulation,
in which the velocity case is free falling. To model
the free-falling behavior, the velocity profile pre-
sented by Luo et al. (2011) was implemented.
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Figure 6. Geometry and gauge location of the experimental
model adopted in Zhao’s (1996) experiments.



Table 4. Setup parameters used in the rigid body simulation.

Velocity Model Free-falling

Initial Velocity 6.15 m/s
Deadrise 30 degrees
Mesh Size 1.25 mm
Penalty Factor 0.01 -

Time step factor 0.9 -
Number of coupling points 3 -
Simulation time 0.03 S

4.1 Slamming force results comparison

The slamming force result is presented and com-
pared, in Figure 7, with Wagner (1932), Luo et al.
(2011), Mei et al. (1999) and Zhao et al. (1996).

One should state that, during the simulations, the
keel point only touches the surface of the water at
the time instant of 0.0039s but, for the sake of sim-
plicity, all the results presented will set this time in-
stant to zero. The figure shows that the forces in-
crease during the water entry, which then stabilize
and abruptly drops. The slamming force drops great-
ly because of the flow separation which occurs when
the water up-rise reaches the end of the wedge as il-
lustrated in Figure 8. Figure 7 indicates that the re-
sults agree very well with each other, with only the
Wagner’s results overestimating the force results.
The differences presented to the results obtained by
Luo et al. [13] can be explained by the fact that alt-
hough the computational model is very similar, there
is a small difference in the wedge length.
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Figure 7. Slamming force time history comparison.
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Figure 8. Water surface elevation and distribution of pressures.

4.2 Pressure time history at given locations

Zhao et al. (1996) included in their experimental
model, five pressure sensors installed at the loca-
tions presented earlier in the Figure 6. Figure 9 pre-
sents the comparison between Zhao’s results and the
present results obtained in the LS-DYNA model.

The time histories show good similarity between
each one of the results.
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Figure 9. Pressure time history at different locations.

In the gauges P3 and P4, both numerical results
show a slightly variation from Zhao’s results, alt-
hough the developed patterns are the same. In the
case of P1 and P5 the results obtained in LS-DYNA
are consistent with the experimental ones. In the
pressure gauge P2, the results also show good
agreement, although the predicted peak pressure by
the numerical methods is lower than the one ob-
tained in experiments, which can be caused if the
mesh is note fine enough to capture the peak value
or if the capturing frequency is not high enough.

4.3 Pressure coefficient

The maximum slamming pressures on the rigid
wedges with B=10°, 20° and 30° are calculated using
equation (4) and based on the simulation results. The
results are presented in Figure 10, which also in-
cludes the numerical results obtained by Luo et al.
(2011), the analytical results which can be obtained
by the Wagner (1932) formulation, and the results
from Ochi and Motter (1973) and Stavovy and
Chuang (1976) empirical formulations. The results
show that all the methods show good agreement
with each other when the deadrise is large. However,
the small deadrise angles leads to big differences in
the results. This is somehow expected, since the
small deadrises are often harder to numerically
simulate due to the fast-evolving nature of the prob-
lem.
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Figure 10. Variation of the maximum pressure coefficient with
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5 COMPOSITE BODY MODEL VALIDATION

A model validation was performed based on the ex-
periments proposed by Hasson et al. (2017). This
validation now includes hydroelasticity which re-
quires the structure to be flexible.

5.1 Composite body model validation setup

In order to proceed with the validation, the model
was built using the same geometry, materials and
loadings as the ones present by Hasson et al. (2017).
The geometry, which is presented in Figure 11, is
composed by two sandwich plates fixed at both ends
and at the keel. The length of each plate is 500mm
and the deadrise is fixed for all the experiments at
10°. The two sandwich plates were composed by two
FRP skins with a thickness of 7mm each and a
20mm PVC foam core. Additionally, each plate has
a width of 250mm. In this numerical study, only a
two-dimensional problem is simulated, but the width
must be taken in account when comparing dimen-
sional results like the slamming forces. The experi-
ments included three strain gauges installed at the
locations demonstrated in the same figure.

The computational model parameters are present-
ed in Table 5. In this case, the velocity profile pre-
sented in Hasson et al. (2017) is used. By defining
that t=0 means the moment when the keel touches
the water surface, an initial velocity of 6.0m/s is ob-
tained. The initial simulation presented leakage at
the fluid structure interface, due to the nature of the
problem, being it corrected by modifying NQUAD
and PFAC.
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Figure 11. Experimental model adopted by Hasson et al. [16].



Table 5. Setup parameters used in the composite body simula-
tion.

Velocity Model Variable

Initial Velocity 6.0 m/s
Deadrise 10 degrees
Mesh Size 1.25 mm
Penalty Factor 0.005 -

Time step factor 0.4 -
Number of coupling points 5 -
Simulation time 0.022 S

5.2 Slamming force comparison

The slamming force results presented in Figure 12
show good agreement with each other. Both compu-
tational models show higher peak force when com-
pared with the experimental result, this can be
caused, for instance, by the effect of the third-
dimension present in the experiments.

<10*

Hassoon exp.
Hassoon Abaqus
LS-DYNA Resuilts

i \

Ve
i\

1

\

\.
.
v

/_,/J"'N ¥,
e 94
K o
IV

-1
0 0.002 0004 0006 0008 001 0.012 0014 0.016 0.018 002
Time(s)

Figure 12. Vertical slamming force comparison.

5.3 Structure strain comparison

The strain results comparison between the experi-
mental and the numerical results obtained in LS-
Dyna are presented in Figure 13. The results ob-
tained in the experiments tend to present themselves
earlier during the time history and hold their value
longer. The strain gauges calibration is a possible
cause, but the overall comparison shows very good
correlation.
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Figure 13. Structure strain results comparison.

6 HYDROELASTICITY STUDY

The hydroelasticity effect in the water entry of
wedges is studied through the comparison of the re-
sults obtained for the rigid composite wedge with
the ones obtained for the flexible composite wedge.
The simulations setup parameters are presented in
the Table 6. To eliminate any possible pressure dif-
ference caused by differences in the velocity be-
tween the rigid and the flexible case, the velocity is
constant and equal to initial velocity of the case. Due
to the different deadrises and velocities, it is neces-
sary to increase the number of coupling points,
NQUAD, in the simulations with lower deadrise.

Table 6. Setup parameters used in the hydroelasticity simula-
tion.

Velocity model Constant

Initial velocity 4/6/8/10 m/s
Deadrise 10/20/30 degrees
Mesh size 1.25 mm
Penalty factor 0.01 -

Time step factor 0.4 -

Number of coupling points Between 3and5 -




6.1 Hydroelasticity effect comparison

The comparison of the pressure coefficient between
the rigid and the flexible body for the three deadrise
cases with a fixed drop velocity of 4 and 10 m/s are
presented in Figure 14.
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Figure 14. Hydroelasticity effect comparison, average forces.

The results indicate that in the high deadrise, low
velocity cases, the pressure rises similarly in both
the rigid and flexible cases, but the flexible body
will present a higher peak pressure. This is to be ex-
pected due to the fact that, in the flexible composite
body, the wedge displacement will result in a small-
er local deadrise which then results in higher pres-
sures. The high velocity, low deadrise cases show
that in the first stages of the impact, the pressure re-
sult observed in the flexible body is lower than the
rigid body, but then the flexible body holds a higher
pressure longer. This can be explained by the elastic
behavior of the body, in which the impact is firstly
dampened by the body elasticity which then presents
its peak value later. The second pressure peak occurs
due to the extreme wedge displacement, which in-
duces a pressure accumulation below the wedge. In
these cases, the pressure peak occurring when the
water reaches the wedge end, start to travel back-
wards towards the keel, where it will present its peak
value again. This behavior can also be observed in
the pressure distribution comparison of Figure 15,
which corresponds to extreme case of the 10°

deadrise, 10m/s drop velocity, at the location P2 of
the wedge.
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Figure 15: Pressure distribution comparison at the given loca-
tion P2, 10° deadrise, 10m/s drop velocity case.

6.2 Forces and displacements

Figure 16 and Figure 17 present the forces and dis-
placements for the 10° deadrise flexible composite
case.
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Figure 16: Force comparison, 10° deadrise flexible composite
wedge.
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Figure 17: Displacement comparison, 10° deadrise flexible
composite wedge.



The results show good agreement between each oth-
er as the slamming forces peeks can be observed in
the middle point displacement curves. The second
peak effect observed and explained earlier can, once
again, be observed in the high velocity displacement
curves, as the rate of descent after the peak value of
these curves is not constant.

7 CONCLUSIONS

The water entry of two-dimensional composite
wedges was simulated using the LS-DYNA com-
mercial code which is equipped with an Arbitrary
Lagrangian Eulerian (ALE) solver.

The composite structure was fully modeled in sol-
id elements, which is advantageous if the user is in-
terested in the out of plane stress/strain results. This
requires the composite material properties in the out
of plane direction, which in this case, were retrieved
from the Bureau Veritas rules for the classification
of composite vessels. These properties are a good
guideline for the design of marine structures with
composites, however, since the composite materials
are very sensitive, one should not take them for
granted. Proper material testing must always be per-
formed.

The 30° deadrise angle rigid wedge, free drop
case, was carried in order to validate fluid part of the
model. The comparison with the other available nu-
merical, experimental and analytical indicated good
agreement between the results, with a small differ-
ence in the pressure peak value, which can be caused
by three-dimensional effects in the experiments.

On the other hand, the simulation of the flexible
composite wedge with 10° deadrise angle has good
agreement with the experimental data. Small differ-
ences were observed in the peak values of the slam-
ming forces but the difference in dimensionality is
also present.

The comparison between the rigid and the flexi-
ble composite wedge show that the hydroelasticity is
an effect that must certainly induce additional loads
on the structure, especially when the structure has a
low stiffness, since the bigger the displacement the
higher are the additional pressure loads caused by
the structural displacements.
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