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From technical and economical points of view such as construction cost, transportability, environmental
friendliness, and design flexibility, floating-type breakwaters are more preferable to be installed in a near-shore
area than conventional gravity-type ones. However, because of complex hydrodynamic characteristics,
applications of this type of floating breakwater seem to be still limited. The present designs for floating
breakwaters are based mostly on intuitive trial and error and thus less efficient especially in finding shape
geometry with higher wave-reflection performance over a wide range of wave frequencies. Accordingly, it is
needed to develop an optimization scheme to determine semi-automatically and efficiently the shape of a floating
breakwater which has high performance in the range of wave frequencies to be considered. In order to meet that
technical demand, this dissertation presents a scheme for the design optimization of floating breakwaters and its

verification and validation through experiments and numerical computations.

The design starts with seeking an optimal 2D model shape. For this purpose, an optimization method called
Genetic Algorithm (GA) combined with Boundary Element Method (BEM) is employed as the main calculation
method. In hydrodynamic computations using BEM, it is assumed that the free surface around a floating body
extends to infinity and the water depth is also infinite. The accuracy of computed results by BEM is confirmed by
checking satisfaction of the energy conservation principle and the Haskind-Newman relation for the
wave-exciting forces. Moreover, since a floating body to be obtained will be of asymmetric shape and BEM is
based on the potential-flow theory, an experiment using a manufactured asymmetric model is also conducted for
both motion-fixed and motion-free conditions to confirm applicability of BEM. The results are favorable in the
degree of agreement, convincing us of usefulness and correctness of the 2D analysis based on BEM.

After the above confirmation of the calculation method, the optimization is then performed using the
combination of GA and BEM. In GA optimization, each side of body surface is represented by a Bezier curve
which can be drawn conveniently by a set of control points. This set of control points represents a chromosome of
an individual model. 8 control points encoded using binary number are used to draw a Bezier curve. The
optimization starts by generating a certain number of random individuals. After that, genetic operators such as
reproduction, crossover, mutation, and elitism are applied to form the next generation which satisfies certain

fitness functions as a measure of the performance. In the present work, the roulette wheel selection method is

used for reproduction, the single-point crossover method based on the crossover probability is used for crossover,
and mutation is implemented with the mutation probability. The fitness of each model is defined by the area of
transmission-wave coefficient over the wave frequencies considered. Moreover in the present study, GA is
implemented with a constraint that the transmission-wave coefficient must be less than 0.4 at maximum even at
the longest possible wavelength considered. The process is repeated until there is no improvement anymore for

certain numbers of generations so that the final model obtained is considered to be the optimal one.

However, the optimal performance obtained in the 2D analysis is expected to be different to some extent from
that in real situation, because floating breakwaters in reality are finite in longitudinal length and the waves
may be incident upon with oblique angle. In order to investigate 3D effects due to finite longitudinal length, the
performance of the corresponding model in the 3D case is also analyzed. Higher Order Boundary Element
Method (HOBEM) is employed for this purpose. The computations are performed for some different body lengths,
and 3D effects on the wave-induced motions and wave elevation on the free surface around the floating
breakwater are then discussed. Furthermore, for consideration in installation of a 3D real model especially in
the body mooring, the drift forces induced by waves are also computed and its characteristics and 3D effects are

discussed.

The main conclusions of the present study are:

1. A numerical analysis using 2D BEM on floating breakwaters with asymmetric shape has been performed,
and its accuracy and correctness were confirmed by checking satisfaction of theoretically-proven relations
such as energy-conservation and Haskind-Newman relations and also through a comparison with model
experiments newly conducted in a wave channel using an asymmetric model of floating body.

2. An optimization scheme based on GA combined with BEM has been exploited to find semi-automatically
and efficiently the optimal shape of a floating breakwater model which has a smaller value (less than 0.4 at
maximum) of the transmission-wave coefficient over the range of wavelength of 1<2/B<7 (where 1 is
the wavelength and B is the breadth of the body).

3. By computing with HOBEM for the corresponding 3D model with optimized shape at the transverse section
and some different longitudinal lengths up to L/ B =20, a different performance from that of the 2D model
was realized as 3D effects. However, it was confirmed that the trend in variation of wave-induced body
motions or the free-surface wave elevation with respect to the wavelength becomes similar to the 2D one as
the longitudinal body length increases.

4. 3D wave effects on the hydrodynamic forces and resultant wave-induced body motions were confirmed to be
not so large. However, the free-surface wave elevation was found to be much dependent on the
measurement position, that is, spatially three dimensional even near the middle of a longer body.

5. The drift force for a longer body (even for the case of L/B=8) was virtually the same as that for the 2D
body in values over the range of all wave frequencies considered, and thus the 2D analysis can be used for
evaluation of the wave drift force in the design.
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