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Abstract of Thesis

Global warming causes a rise in the sea level, thereby aggravating beach erosion and overtopping on many beaches.
When erosion occurs, sand beaches cannot maintain sufficient sand width, and foreshore slopes become steeper from frequent
erosion effects, and beaches are trapped in a vicious circle of becoming vulnerable due to incident waves. For this reason, beach
nourishment can be used as a countermeasure which simultaneously minimizes environmental impacts. However, beach
nourishment is not a permanent solution and requires periodic renourishment after several years. To address this problem,
minimizing the period of renourishment must be an economical alternative. In this respect, selecting the optimum grain size of the
sand of the beach nourishment is essential.

Numerous previous studies have found that larger grain-sized sand is more resistant to the erosion that using gravel for
the nourishment and can extend the period of renourishment. In addition to selecting the optimum grain size of the sand
nourishment, determining the durability and maintaining the familiarity of the native sand users should also be considered. Thus,
the gravel nourishment can be an optimum method.

Among many gravel nourished beaches, Tuvalu (one of the Pacific island nations facing the threat of disappearing from
erosion) is a great example of reducing erosion from storm waves. Under extreme wave conditions, other parts of the Tuvaluan
coast massively lost their shoreline; however, the section with gravel nourishment had its damage appreciably less as compared to
other nourished areas. In the present study, using the Tuvaluan coast with its cross-sectional of gravel nourishment site, four
different test cases with one extra test case were selected for the hydraulic model experiment aimed at discovering an effective
nourishment strategy find the effective alternative methods. Two types with different mean diameters, sand and coral gravel, were
used throughout the experiments in a wave flume.

Numerical simulations were performed to reproduce the gravel nourishment; however, none of such models
simultaneously simulate the sediment transport of gravel and sand. Thus, the artificial neural networks (ANN), a deep-learning
model, was developed throughout the study using hydraulic model experiments as training datasets to analyze its possibility to
simultaneously accomplish the sediment transport of the sand and gravel and supplement the shortcomings of the numerical
models.

This thesis consists of five different chapters, chapter 1. Introduction, chapter 2. Field measurement and necessary data
investigation, chapter 3. Experiment, chapter 4. Numerical simulations and artificial intelligence, and lastly, chapter 5 with
conclusions and discussions.

In chapter 2, the study site was described with historical background. To understand the underlying causes of beach
erosion and site-specific morphology after the nourishments to quantify the nourishment performance, bathymetric survey,
topographic survey, and wave observation were conducted in the study site, Funafuti, Tuvalu. Gravel nourished areas found to be
the protective sections among other sand nourished sections, and from the simple wave test using SWAN, all the sections affect
similar wave heights during abnormal wind conditions (e.g., cyclones).

To elucidate the interaction processes, a hydraulic model experiment was conducted, as explained in detail in Chapter 3.
Overview of experiment setup, sand profiles, and characteristics of gravel used in the experiment was explained. Four different
nourishment styles (Sand berm and beach (SBB), Gravel berm and sand beach (GBS), Buried gravel layer (BGL), and Buried
gravel sill (BGS)) with one extra test case (Gravel bag layer (GBL)) were conducted to find out best methods amongst.

Chapter 4 introduces existing cross-shore numerical models (CSHORE, SBEACH, and XBEACH-G) and predict sand
transport in the swash zone. Because of the current model’s limitation, the artificial neural networks model was introduced and
developed to make it suitable to beach profile evolution prediction using various features with datasets obtained from chapter 3.

Lastly, in chapter 5, the results of the overall experimental findings and discussions were briefly summarized.
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