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Abstract of Thesis

Natural rocks (armourstones) or artificial concrete armour units are usually used to provide protection of
rubble mound breakwaters against wave action in coastal area. However, as the armourstones of sufficient size or
quality are not readily available from nearby quarries and the concrete armour units are very expensive to
fabricate and to install, the need for cost-effective, environmentally-friendly and protective armour unit type is an
issue in the design of rubble mound breakwaters. Thus, researchers are keenly interested in finding alternatives
to breakwater armour units. Recently, filter units, fiber mesh bags of small stones, originally used in river
protection works, have been proposed to apply in coastal area as well because of their high flexibility and porosity
in comparison to armourstones, and these units have already been recognized as alternatives to subsea protection
structures such as rock dumping and concrete mattresses. Moreover, a number of researches have already been
carried out experimentally to study and improve the filter units’ stability on rubble mound under various sea
states. In this research not only experimental but also numerical investigations have been conducted focusing on
damage mechanism of the filter units.

The thesis consists of five chapters. Chapter 1 concerns the background issues of conventional armour
units of rubble mound breakwaters. Along with that, the armour units’ stability and damage criteria adopted to
the study of hydraulic model experiments are generally presented. Afterwards, the filter unit which is aimed at
applying in the outer layer of rubble mound breakwaters is introduced including its literature review. At the end
research approach is presented. Chapter 2 is allocated to explain the theoretical aspects applied in the research.
Firstly, the hydraulic stability formula, widely used to approximate the required mass of armour unit, is
described. Next, a numerical wave flume model (CADMAS-SURF/2D) is described which includes the governing
equations, discretization methods, and model settings as well as selection of applicable wave theory and wave
spectrum. Then, typical DEM (Discrete Element Method) commonly used in estimation of rubble mound structure
deformation by waves and BPM (Bonded Particle Model), in which a bond model is added to the typical DEM, are
explained. Finally, DEM calculation procedure within one-time step for simulation is described.

In chapter 3, two kinds of laboratory experiments performed to study hydraulic stability of filter units
from the structure viewpoint are explained. In the first one, various models changing dimensions such as fiber
bag size were tested individually on a flat surface of rubble mound under regular waves in order to compare their
stability. In the latter experiment, filter unit models, belonging to the most stable structure in the first
experiment, were tested on slope of rubble mound under irregular waves, and their movement and damage
behaviors were analyzed with stability number estimation.

In chapter 4, two-dimensional numerical models simulated to reproduce flexible deformation of filter
units on rubble mound under wave motion by coupling of two models: CADMAS-SURF and DEM are presented
with a detailed discussion compared to some experimental results. In order to reproduce experimental models
well, input parameters for simulation need to be calibrated effectively because the parameters have significant
influence on simulated results. In the study, the parameters were determined based on relevant previous
researches and some material properties available. In general, regardless of some imperfections, the presented
models were found capable of modeling filter unit deformation on rubble mound due to waves. The main weak
points of the models are the modeling with uniform size and shape particles and the less consideration of
fluid-structure interaction. In chapter 5, the conclusions of experimental and numerical works shown in chapter 3

and chapter 4 are summarized, and some recommendation remarks are added.
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