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A three-dimensional numerical analysis is performed to investigate the mechanism whereby a shipping container flows
out to the sea due to tsunami-induced incoming and return flows and to examine the effectiveness of countermeasures for
preventing the container from flowing out to the sea. It is revealed that the container can flow out to the sea if the upward
speed of the container increases and its top surface begins to rotate toward the sea at the termination of its landward motion.
Furthermore, it is found that a short countermeasure wall installed at the landward side of the container would be effective
in preventing the container from flowing out to the sea.

INTRODUCTION

Ports are expected to serve as bases for supply transportation
and rescue operations in case of earthquake and tsunami disasters.
However, during the 2011 Tohoku earthquake tsunami, approx-
imately 2,000 shipping containers stored in the Sendai port in
Japan flowed out to the sea, and the containers drifting in the sea
became navigation barriers to vessels entering and leaving the port
to provide supplies to the disaster area. Consequently, counter-
measures against tsunami-borne containers are essential for emer-
gency port operations.

In the past decade, a few experimental and numerical studies
have investigated how containers flow out to the sea when sub-
jected to tsunami-induced incoming flow and subsequent return
flow. Yeom et al. (2008) conducted hydraulic experiments to
examine the tsunami-induced drift behavior of a container on an
apron, and revealed that the container could flow out to the sea if
there was a seawall on the apron. Gotoh et al. (2009) applied the
moving particle semi-implicit (MPS) method to tsunami-induced
drift phenomena, i.e., to a container in the presence of a sea-
wall on an apron, and demonstrated the computational capability
of the MPS to simulate the motion of the container flowing out
to the sea. Nakamura et al. (2012) investigated the drift behavior
of a container during tsunami-induced incoming and return flows
by using hydraulic experiments and numerical simulations, and
found that the container could flow out to the sea if the relative
overflow height of an incident tsunami was large regardless of its
initial position. However, the mechanism whereby containers flow
out to the sea is not yet clearly understood, and accordingly there
is no countermeasure proposed to prevent them from flowing out
to the sea.
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In this study, the mechanism whereby a container stored on an
apron flows out to the sea during tsunami-induced incoming flow
and subsequent return flow is discussed numerically. Specifically,
a three-dimensional coupled fluid-structure-sediment interaction
model (Nakamura et al., 2011), which is based on a large-eddy
simulation (LES) model that can be applied to compute fluid-
structure interaction, is applied to the hydraulic experiments of
Nakamura et al. (2012), and numerical results are analyzed and
investigated in terms of the container motion and the surrounding
wave field. In addition, numerical experiments are performed to
examine the effectiveness of countermeasures for preventing con-
tainers from flowing out to the sea.

NUMERICAL MODEL

The three-dimensional coupled fluid-structure-sediment interac-
tion model (Nakamura et al., 2011) is composed of a main solver
and three modules. The main solver is an LES model based on
extended continuity and momentum equations for incompressible
viscous air-water flow, which considers seepage flow in porous
media, the motion of a movable structure, and the profile evolu-
tion of the seabed. The first module is a volume-of-fluid (VOF)
module based on the multi-interface advection and reconstruction
solver (MARS) (Kunugi, 2000) for air-water interface tracking.
The second module is an immersed-boundary (IB) module based
on the volume-force type of IB method (Kajishima et al., 2001)
for the motion of the movable structure. The third module is a
sediment transport module based on the model of Roulund et al.
(2005) for computing the profile evolution of the seabed induced
by bed load and suspended sediment transport, as well as the
motion of suspended sediment, which considers all transport pro-
cesses of pick-up, advection, diffusion, and settling. In the model,
the three modules are connected to the main solver by using a
two-way coupling procedure implemented at every time step to
ensure fluid-structure-sediment interaction. In this study, the main
solver, the VOF module, and the IB module were used to simu-
late the motion of a container that considered tsunami-container
interaction. For completeness, the main solver, the VOF module,


