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ABSTRACT
One of the most important aspects of an amphibious ship is the ability to safely and swiftly transport and transfer large
numbers of troops and their associated equipment from sea to shore. Such transfers are usually conducted using landing
craft, which are loaded using a flooded well dock at the stern of the ship.
Hence, the behaviour of landing craft within the flooded well dock is of critical importance to the operators of an
amphibious ship.
This paper describes, and presents results from, an investigation into the effect of the design of the well dock on the
motions of a landing craft when operating in a seaway.
1.

INTRODUCTION

The purpose of an amphibious ship is its ability to safely
and swiftly transport large numbers of troops and their
associated equipment from place to place, including
transferring them from the ship to the shore. These
transfers are usually conducted using landing craft
because suitable berthing facilities are generally not
available, and the quantity of equipment makes
helicopter transfer difficult, if not impossible.

attractive where large relative deformations of adjacent
elements are expected, as in the analysis of such
phenomena as the fracture of brittle materials or
turbulent fluid flows. In comparison, a mesh-based finite
element (FE) approach often runs into severe numerical
difficulty when the mesh undergoes severe distortions as
it tries to adequately represent the resulting large relative
deformations.

The ability to load landing craft from the amphibious
ship at sea is therefore clearly a very important element
in the effectiveness and efficiency of the procedure, with
the maximum sea state where this can be accomplished
safely being of paramount importance. Consideration of
this aspect is a key element in the design of both the
amphibious ship and the landing craft.

Based on a point-mass approach, the material
information in an SPH formulation travels with the point
mass as it moves, according to Newton’s Second Law,
through the model domain. The local properties of any
specific particle are defined by the weighted summation
of the same corresponding properties belonging to its
neighbouring particles. This is the so-called ‘smoothing’
of the local properties, from which comes the overall
term “Smoothed Particle Hydrodynamics”.

To make this process easier, and to increase the sea state
that it can be conducted in, use is often made of the
concept of a flooded well dock at the aft end of the
amphibious ship (LPD). The limiting operational issue
then becomes the motion of the landing craft within that
dock. With this being particularly difficult to predict
without using physical model experiments the design of
an optimal dock/landing craft combination is neither easy
nor inexpensive.
This paper investigates advanced numerical methods that
aim to address these difficulties by working in a virtual,
computational, space.
2.

SMOOTH PARTICLE HYDRODYNAMICS
(SPH)

Smoothed Particle Hydrodynamics (SPH) is a numerical
technique where the material is described by a set of
points, and all the points are free to move independently
of their neighbours. This freedom of movement is
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SPH, reviewed comprehensively in (Monaghan, 1992),
were proposed some 30 years ago for astrophysics
problems independently by two groups of researchers
(Lucy, 1977 and Gingold & Monaghan, 1977). Out of
that pioneering work came a grid-less, Lagrangian
technique in which the fluid is modelled with a set of
discrete, interacting, particles instead of a solid element
mesh. Since then, SPH techniques have been used in
many fields of physics, including the behaviour of
incompressible fluids.
Of specific interest to the naval fraternity is the more
recent work, largely with in-house software codes and
(primarily) in two dimensions, by Tulin & Landrini
(2001), Naito & Sueyoshi (2002), Colagrossi et al
(2004), Dalrymple & Rogers (2006), Rogers et al (2003),
Doring et al (2004), and Fontaine (2000) to name but a
few. These landmark papers have demonstrated feasible
results using SPH techniques for scenarios common in
ship hydrodynamics.
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Being a Lagrangian technique, SPH can be readily linked
to standard FE formulations. Such a hybridised FE and
SPH formation is extremely well suited to fluid-structure
interaction (FSI) problems because these scenarios
typically involve large relative displacements and SPH
conveniently overcomes many of the material interface
problems between a structure and the surrounding fluid.

The interface between the SPH water and the FE ship
was defined by an industry standard penalty-method
contact interface. This ensured that the SPH remain on
the exterior of the ship structures, yet the momentum is
automatically conserved during any collision events
between the SPH and the shell elements of the ship
structures.

SPH features were incorporated into the commercial
PAM-SHOCK™ (2007) explicit FE code in the early
1990s, it being exploited originally to model the highspeed impact of space debris onto satellites
(Groenenboom, 1997, and Kamoulakos & Groenenboom,
1998). SPH have since been added to PAM-CRASH, in
which guise SPH has been used to investigate a broad
range of three dimensional problems including complex
ship motions (Cartwright et al, 2004), bird-strike impact
on aircraft wings (McCarthy et al, 2004), and the crash
landing onto water of a modern jetliner (Pentecote et al,
2003). Not only do some of the many commercial codes,
in which SPH has now been implemented, mean wider
access to thoroughly tested and well verified SPH
implementations, but such codes also provide access to
features such as industry-validated automatic time-step
and contact algorithms to help ensure a stable result, a
wide range of advanced material behaviour models, and
the associated linkage with high quality graphical
modelling and visualization tools.

The computational effort required is proportional to the
number of the SPH particles, and this is of course
influenced by the volume of water to be modelled and
the size of the SPH particles used. From a practical
perspective the SPH particles needed to be of a size
sufficiently small to fit between the landing craft and the
well dock floor.

With SPH techniques now available to those who would
neither have the ability nor desire or resources to write
the code themselves, a researcher or design professional
can focus on the application of the technology to a
specific scenario, as has been demonstrated in some
recent work on yacht and ship motions (Cartwright, et al,
2006a), and related work on landing craft in mother ships
(Cartwright, et al, 2006b).
3.

NUMERICAL MODEL SETUP

For simplicity all the simulations were conducted using
2D models, shown in Figure 1. Although, in principle,
3D models could be used for this problem, the significant
increase in computing effort was not deemed necessary
as the cases being studied corresponded to head seas.
The models were constructed at model scale, and hence
the LPD and landing craft dimensions correspond to
those listed in the Model Experiment section below.
For both cases the LPD vessel was held at a fixed
location in the fore and aft direction, and the heave and
pitch motions were defined according the experimental
result.
A beach was located 6.1 metres aft of the LPD to
minimise any reflected waves generated by the LPD
movements. To aid in absorbing waves on the beach, 6
vertical rows of alternate SPH elements over the beach
were restricted to vertical movements only.

Figure 1: Two-dimensional numerical model setup – no
landing craft shown.
4.

MODEL EXPERIMENTS

Physical models of a generic amphibious ship and
landing craft were constructed at a scale of 1:22 and a
series of hydrodynamic experiments were conducted
within the Australian Maritime College’s Model Test
Basin. Initial experiments were conducted to quantify
the wave environment within, and at the entrance to, the
well dock for a range of regular and irregular wave
conditions.
A further series of tests, which included a model of a
landing craft at specific locations within the well dock (at
two different load conditions), were conducted to
determine the vertical motions of the craft relative to the
amphibious ship.
All irregular waves were generated to the JONSWAP
wave energy spectrum with peak enhancement of 3.3.
The spectra are typical of those expected in fetch limited
coastal waters. For all experiments the water depth
within the test basin remained constant to represent a full
scale water depth of 15 metres.
A drawing showing the design of the well dock is shown
in Figure 2. Note that a porous beach was included at the
end of the well dock. The vertical displacement of each
model was measured using displacement transducers.
All water surface elevations were measured using
capacitance type wave probes, located as shown in
Figure 3. The location of the landing craft within the
well dock is shown in Figure 4.
A photograph taken during the model tests in shown in
Figure 5, where the model of the landing craft can be
seen within the well dock.

© 2007: The Royal Institution of Naval Architects

1.93m (FS) [88mm (MS)]

Military Support Ships, London, UK

2.6m (FS) [119mm (MS)]

15°

15.25m (FS) [693mm (MS)]

79.73m (FS) [3624mm (MS)]
59.72m (FS) [2715mm (MS)]

Figure 2:

Well dock design.
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Figure 3:

Location of wave probes within the well dock.
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Figure 4:

Location of landing craft and wave probes within the well dock.

Figure 5:

Photograph from the model tests. The landing craft model can be seen within the well dock
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COMPARISON BETWEEN
EXPERIMENTS AND NUMERICAL
PREDICTIONS

An important point to note is the way that the beach is
represented by a course mesh which allows the SPH to
pass through. This technique may need further refining.

In order to compare the predictions using SPH with the
experimental results, the LPD was assumed to be in calm
water and driven using motions measured in the
experiments in waves. This then resulted in waves being
generated in the dock which were compared to those
measured in the experiments.

The model scale wave elevations as functions of time are
shown in Figures 7 and 8 for the wave probe near the
entrance to the well dock and the wave probe near the
beach respectively. Results presented here are based on
a representative 40 second time domain model scale LPD
response in sea state 4.

An SPH spacing of 33 mm, model scale, was used, with
4304 SPH elements. Computation time for 60 seconds of
simulation time was approximately 1 hour on a 3GHz
Pentium pc.

As can be seen, the simulations agree fairly well for
wave probe near the entrance, but are less accurate
the wave probe near the beach. This may be due to
beach not behaving correctly as a consequence of
simplified way in which it was represented.

5.

For ease in the calculations the LPD was originally out of
the water, and was lowered into the water at the start of
the simulation. This meant that the water flooded into
the well dock. Then, the heave and pitch motions were
forced onto the LPD model.

The predicted response of the Landing Craft near the
entrance to the dock is compared with the measured
result for a different time realisation in Figure 9. The
poor correlation at the beginning of the time sample was
due to the landing craft still responding to the dynamic
effects of placing the landing craft at the correct location.
After this time the correlation is reasonable.

The simulated geometry is shown in Figure 6.

Figure 6:
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Well Dock Beach construction – coarse mesh to allow SPH to pass through
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Figure 7:

Simulation (solid) and Experimental (dashed) wave probe traces at the entrance to the “Base
Case” generic LPD and well dock (model scale).
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Figure 8:

Simulation (solid) and Experimental (dashed) wave probe traces adjacent the beach within the well dock of
the “Base Case” generic LPD (model scale).
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Figure 9:

Experimental and simulated landing craft heave at the stern of the landing craft (model scale).
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Figure 10:

6.

Simulated wave heights in different well dock depths. “Deep” was 0.5m deeper than the Base Case, and
“Shallow” was 0.5m less deep than the Base Case.

EFFECT OF DOCK DESIGN
PARAMETERS

Using the technique outlined above the wave elevations
at the entrance to the dock were obtained for the
following three geometrical changes to the dock:
1.

dock depth;

2.

slope of dock bottom; and

3.

configuration of dock door.

The effect of the depth of the dock is shown in Figure 10.
As can be seen this has little influence on the wave
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heights at the entrance, suggesting that it will have little
influence on the motions of the landing craft at this
position.
The effect of the slope of the bottom of the dock is
shown in Figure 11. The floor of the Base Case was
rotated about the entrance of the well dock by + 1.5º to
produce the “slope up” geometry, and by – 1.5º to
produce the “slope down” geometry.
As can be seen, the results suggest that a “slope down”
well dock floor may produce larger waves at the entrance
than the Base Case. This effect is more noticeable for
the duration of large waves, where a lower trough is
contributing to the larger wave height.
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Figure 11:

Simulated wave heights for varying the well dock geometry – “slope up” case had the beach shallower than
the entrance, and “slope down” had the beach deeper than the entrance.
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Figure 12:

Simulated wave heights at the entrance to the well dock with and without the entrance door.

The effect of removing the outward facing rear door on
the waves at the well dock entrance can be seen in Figure
12. It can be seen that the presence of the door appears
to increase the waves in the dock.

4.

8.
7.

the presence of an open outward sloping door
appears to increase the size of the waves at the
entrance to the dock.
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