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Abstract of Thesis

Large-scale oil spills and fires occurred in Kesennuma City, Miyagi Prefecture, Japan during the 2011 Great East Japan
Earthquake due to the large-scale earthquake and subsequent tsunami, mainly due to the drifting, tumbling and damage of oil
and gas storage tanks in that area. If Tokai-Tonankai-Nankai earthquakes occur, similar large-scale disasters might occur.
Thus, it is urgent to develop countermeasures against such tsunami induced disasters.

As a kind of countermeasure, a new tsunami attenuation method was developed using flexible structures called flexible
pipes instead of traditional rigid sea-wall type countermeasures. Flexible pipes are fire-hose-like pipes at a significantly larger
scale which can be folded and installed on the sea-bed in such a way that the pipes would not disturb the surrounding marine
traffic. At the moment of tsunami occurrence, these pipes are to be injected with compressed air, forming vertical flexible
structures which can reduce the momentum of tsunamis.

This thesis deals with evaluation of the performance of a new tsunami mitigation approach using flexible pipes in terms
of effectiveness and feasibility, with the assumption of Osaka Bay as a target prevention area. This study was carried out in
three parts:

1. Analysis on the effectiveness of flexible pipes based on material and orientation

2. Analysis on the effectiveness of flexible pipes under a quasi-2D flow

3. Study on the feasibility of flexible pipe implementation by structural analysis.
This thesis is composed of eight chapters:

Chapter 1 explains the needs of new types of tsunami countermeasures in order to prevent secondary disasters caused
by tsunamis such as large-scale oil spills and fires. Then a brief preview of a newly developed countermeasure using flexible
pipes is presented.

In Chapter 2, literature review of traditional and currently developed tsunami countermeasures are made. Moreover,
current approaches to model tsunami flows and countermeasures in laboratory experiments are reviewed.

In Chapter 3, the overview and concept design of newly developed tsunami countermeasure utilizing flexible pipes are
explained, including the working principle of pipe deployment mechanisms. Then the specifications of this type of
countermeasure are proposed for effectiveness and feasibility analysis.

In Chapter 4, the experimental setup and equipment for the effectiveness analysis of experiments are explained in
details including the calibration of sensors and choice of scale model pipes and tanks.

In Chapter 5, the dependency of flexible pipe performance on the material and orientation are experimentally
investigated by comparing the reduction of wave force and flow velocities by three types of pipes with different bending stiffness
values. Then, simulations were carried out to estimate the force reduction based on the orientation of the pipes arrangement.

Chapter 6 presents the effectiveness of flexible pipes under a quasi 2D flow, with the discussions on the reduction of
momentum flux and reduction of wave forces acting on a cylindrical storage tank in semi-submerged condition, located on an
earth-bank and with and without the presence of an artificial dyke wall.

Chapter 7 is divided into two parts. In the first part, the results of computations of inline and cross-flow behavior of
flexible pipes as a two-way fluid structure interaction (FSI) problem are presented, including the lift and drag coefficients. In
the second part, feasibility analysis of flexible pipes was carried out by conducting the structural analysis. The drag coefficients
obtained from the first part were used in the structural analysis. From the full-scale rigid pipe simulations, the effectiveness of
flexible pipes in full-scale was estimated. Simulation results suggested that flexible pipes were effective and thus, feasible for
real-world implementation.

Chapter 8 summarizes the main conclusions, including the main contributions and results of this study. Possible future

improvements for this work are also presented.
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