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Abstract of Thesis

Precise prediction of wave loads on ships and floating structures is paramount in the structural design stage. A lot
of reviews on the numerical and experimental studies have been reported so far for the assessment of wave loads
on ships and offshore structures. Particularly in the experiment, the use of a segmented ship model is a common
method to quantify the wave loads up to date, in which the wave loads could be measured only at segmented
sections with load cell installed. However, we need to obtain the wave loads at any longitudinal position and to
clarify nonlinear features in the wave loads more precisely; which can be realized by measuring the spatial
unsteady-pressure distribution on the whole ship-hull surface and by properly integrating it in conjunction with
the measurement of ship motions and time-variant wetted surface of a ship in waves.

The objective of the present study is the acquisition of the spatial distribution of wave-induced unsteady pressure
with experimental measurement and to use obtained data for hydrodynamic study on the local quantities like the
distribution of the vertical bending moment (VBM). The obtained data can also be used as the validation data for
CFD methods, but more importantly in the present study, with CFD methods used as a guide in the analysis of
measured data, we can establish a new experimental technique to see the details in the wave-load distribution
and consequently enhance the level of our understanding of nonlinear and forward-speed effects on wave loads in
terms of the experimental data obtained.

Chapter 1 describes the background, review of the related past researches, objective and outline of the present
study. Subsequently, Chapter 2 describes a novel experiment using a bulk carrier model conducted to measure the
spatial distribution of unsteady pressure by means of a large number (333 in total) of Fiber Bragg Gratings (FBG)
pressure sensors affixed on the entire port side of ship-hull surface due to symmetry of the pressure filed in head
waves. The wave-induced ship motions and ship-side wave profile are measured at the same time.

In Chapter 3, the formulation and computational methods used in the present study are elucidated. Some
computations are made with Rankine Panel Method (RPM) for the zero-speed case and Computational Fluid
Dynamics (CFD) method for the forward-speed case. Ship-side wave analysis using Fourier-series expansion is
described to synchronize the time histories of unsteady quantities measured in the experiment. An analysis for
the pressure is described further to rectify physically unreasonable time histories attributed to the fact that some
sensor positions repeat coming out and plunging into water. Then Chapter 4 describes integration of the obtained
unsteady pressure and the inertia-force distribution throughout the ship's length to obtain the VBM acting on

transverse sections.

In Chapter 5, the results of the experiment and their comparisons with computed results are discussed. Overall
favorable agreement is attained for the pressure distribution and also for the resulting VBM between the results
of the experiment and corresponding numerical computations. Validation of the measured pressure distribution
has also been made through a comparison of the wave-exciting force and moment between the two independent
results obtained by integration of the measured pressure over the entire wetted surface of a ship and by direct
measurement using a dynamometer. A very good agreement is confirmed in this case as well. As another crucial
validation for the proposed method, a comparative study is made with the benchmark test data of a 6750-TEU
container ship used for the ITTC-ISSC joint workshop in 2014; which also demonstrates remarkable agreement.

In Chapter 6, obtained results and discussion in the present study are summarized.
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