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Title of Doctoral Dissertation:
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Tsunami Flows around Coastal Structures

Name: ISHIMOTO Kenji

The recent rise in occurrence of natural coastal hazards such as high waves, storm surges and
tsunamis is a matter of considerable concern for coastal engineers and practitioners. Particularly,
the 2011 off the Pacific Coast of Tohoku Earthquake (2011 Tohoku Tsunami) has caused
unprecedented huge damages on breakwaters and coastal dikes. Movies and photos taken at the
catastrophic event show that the tsunami flows around coastal structures are highly complicated
three dimensional behaviors. The present structurally resistive design against wave action does not
sufficiently take into consideration for such 3D flow behaviors, therefore which provides a new
technical subject in port & harbor engineering and coastal engineering.

This thesis aims to clarify the characteristics of 3D flow motions around coastal structures by
conducting experiments in a 3D wave basin equipped a tsunami generator and analyzing two
kinds of progressive numerical models: CADMAS-SURF and OpenFOAM. Through the
comparisons between experimental and numerical results, the applicability of both numerical
models; that is, how much details these models are able to describe the complicated flow
structures, is discussed. Furthermore, the practical usability of these models from the aspects of
efficiency and effectiveness is tested by applying actual coastal projects.

Chapter 1 explains the general backgrounds, motivations and objectives of the present study. This
chapter also describes the main framework of the thesis and outlines of each chapter.

Chapter 2 introduces the fundamental theories and basic characteristics of both numerical
models; CADMAS-SURF and OpenFOAM. CADMAS-SURF is developed in a special
purpose for structurally resistive design of coastal facilities against wave action. The
model has been used to express various phenomena as wave propagation, wave
overtopping, wave-structure interaction, wave-structure-seabed interaction, so on.
Whereas, OpenFOAM is a newly developed model possessing few application case
studies in the field of coastal engineering. Since this model has great potential to
reproduce transient mixture flows even in three dimensional ways, vigorous studies are
now implemented to apply the model to various subjects, for example, 3D tsunami
simulation in a wide computational region, tsunami uplift force on a lower bridge
elements considering entrained air pressure, run-up and run-down waves on a sandy
beach.

Chapter 3 describes the procedures of the experiments and the obtained results which was
conducted in a 3D wave tank equipped with a tsunami flow generator. For the



breakwater models, two kind finite length models in alongshore direction possessing a
square cross-section and a trapezoidal cross—section are arranged. The water surface
fluctuations generated by the tsunami model flows are measured at a number of points
including around the model breakwater. The following 3D tsunami flow characteristics
are clarified; the reflected tsunami waves from the breakwater propagate back offshore
in diffractive ways towards the alongshore region where the breakwater is not set. The
flows over the top of the breakwater are found to partially run-down in the alongshore
direction due to the lateral difference of the water level. The overflown water mass from
the breakwater transfers its form from wave-like one to flow-like one with intense
vortexes and turbulence. The flow is further mixed with incident waves from the region
where the breakwater is not set, and results in more complicated flows.

Chapter 4 is devoted to descriptions on the results of numerical analyses using
CADMAS-SURF/3D and OpenFOAM, which were conducted under the same
conditions of the above mentioned experimental set-up. For the intense and transient
flows like an uprush in front of the square cross-section breakwater model, the
performance of CADMAS-SURF/3D in precise flow reproduction is found to be fallen.
For the trapezoidal cross-section model case where the flow motions are not so violent,
this method provides satisfactory agreements with the corresponding experimental
results. Whereas, OpenFOAM s found to yield good agreements even with the jet-like
uprush flows. It is found that this method is able to reproduce qualitatively for the
transient air-water mixture flows even when the water mass is torn into several parts.

Chapter 5 discusses the applicability of both numerical models to the design of real coastal
structures. For a cross-section design case of a double parapet sea wall, the wave
overtopping rate computed by CADMAS-SURF/2D shows equal amount with measured
one in the model experiment. A trial application using OpenFOAM is implemented by
examining how precisely the collapsing behaviors of a coastal sea wall by overflown
tsunami flows can be represented. The results reproduces physically reasonable
behaviors as that the sea wall falls with rotating around the damaged basement. This
property, although only qualitatively, seems to represent the real sea wall collapses
occurred at 2011 Tohoku Tsunami.

Chapter 6 presents an overall summary of the conclusions of the study, and describes the future
scope on what subjects relevant to the present study should be investigated.





