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Investigation of hydroelastic effect in analysis of high-speed craft
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Hydroelastic effect in bottom slamming problem of high-speed craft is one of the most challenging issues in structural
design. In this paper, numerical method is used to investigate the hydroelastic effect in bottom-water impact analysis of
high-speed monohull craft. Slamming with two viewpoints of rigid and elastic structures (hydroelastic effect) is modelled
by coupled computational fluid dynamic (CFD) and finite element method (FEM) techniques. The results showed that
considering hydroelastic effect, especially in high-impact speed, reduces the structural deformations and stresses compared
with quasi-statistic analysis. The effect of different parameters, such as boundary condition, plate properties, wedge deadrise
angle and 1mpact Veloelty in Qlammmg problem was mveqtlgated The results for aluminium and steel plate with the same
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Finally, a simplified method is used to apply the effect of hydroelasticity in bottom plate design. This work is hoped to
advance the hydroelastic analysis art in bottom structural design of high-speed monohull craft.

Keywords: slamming; hydroelasticity; fluid-structure interaction; ship structure

1. Introduction

Bottom slamming occurs when emerged bottom of a vessel
(Bertram 2000). Bottom struc-
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ture in local analysis due to this load is mainly nvest1gated
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by two methods. In the first method, hydrodynamic loads
are calculated by modelling the mpact f rigid structure
with water surface and within

ture is analysed using calculated pr

the mutual effects of water and structure on each other in
all fluid-structure interaction problems. The hydrodynamic
and structural damping, the effect of plate deformation on

hvdrodvnamic nreseure and dvnamic analvqis of nlate are
1y GIOUYHaHne piossull, aiil Uyiailiiv alidiy sis Ui pildwe aiv

the main considerations of hydroelastic model. The op-
imum structure of high-speed craft must not only h

sufficient strength to resist rough operational co nd1t1on in
sca, but be enough light weighted to reach the desired ves-
sel’s maximum speed. The bottom slamming prominently
occurs in high-speed crafts, hence the structural analysis of

ad nlavs an imnortant role in desion of these vessels
.
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face, turbulence effect, water jet around th body, pressure
change, and besides these items structural deformation by
the minute increases the analysis complexity.

The study of slamming-induced local stresses in the
steel and aluminium wetdeck of a multihull vessel by Faltin-
sen et al. (1997) showed that these stresses are strongly

inflionced by dvnamic hvdroclagtic offecte Furthormore
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Faltinsen (1999, 2000) developed experimental, analytical,
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and numerical methods to study the effect of hydroelas-
ticity in slamming and concluded that maximum pressure

cannot be used to estimate the maximum slamming-induced
stresses as the rl\mnmw hvdrnelaetw effects nle{loe to nlav
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a s1,qn1ﬁcant role when the maximum pressure is large The

Q1 cance of hydroelasticity increases with the (1 \ reduc-
mg,uuu,cum\, NyarociastiCity mcereases witn tne (1

tion of deadrise angle, (2) increase of impact veloc1ty, and
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The latter w:
rat10 between

the impact duration an d the per10d of the first
nbe

d as a key factor

ow deadrise angie an
than one mode shape is subject
(Panciroli et al.

Q
high-impact speed, more
to structural deformation
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contact stiffness may cause incorrect physically
caKagc and a too high contact stiffncss may resuit in
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Figure 12. Hydroelasticity factor for 10 various high-speed
crafts which were designed by DNV and KR equations.

changing vessel characteristics like impact pressure, plate
thickness, spacing between longitudinal stiffeners and gird-
ers cause the differences, but the coefficients are in a same
range. The average value of hydroelasticity factor, accord-

ino to the rpmntc ig 1.23. Rv app]yipﬂ the calculated factor
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R equations, the bottom thickness shows

ormations, pres-
sures, and stresses we
slight differences in pressures, but the dissimilarities in
deformations and stresses were more significant. During

slamming, the maximum difference between quasi- statlc
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it was clear that the effect of hydroclasticity increases at
higher impact speeds, small impact angles, and reduc-
tion of plate’s fixity. In case of quasi-static analysis with
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model, the results were the same for the steel and aluminium
nlatas wwhila tha affant ~Ff Avnamiin matarial ahowoatanicdiag
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was quite evident in hydroelastic analysis. The dynamic
material characteristic plays an important role in slamming
problem and can be only experienced in the hydroelastic

maximum quasi-static stress to hydroelastic stress. ’

droelastic effect was investigated for 10 high-spee

and the average value of hydroelasticity factor was calcu—
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e thickness by 1
monohull high-speed crafts. Additional researches follow-
ing this study are required. First, experimental tests should

especially for investigating the effect of dynamic material
characteristic. Second, the proposed approach for applying
hydroelasticity in bottom plate thickness design should be

studied in full-scale model and trial meas
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