Abstract

The representative wave heights of an irregular wave train are the essential required factors
for many coastal engineering applications such as the design of coastal structures and the
study of beach deformations. This study concentrates on the determination of six common
representative wave heights, i.e. the mean wave height (H ), the root-mean-square wave

height (H,,,, ), the average of the highest one-third wave height (H,,;), the average of the
highest one-tenth wave height (H,,,), the maximum wave height (H,., ) and the spectral
significant wave height (H ) or the spectral root-mean-square wave height (H,,,,).

Possibly, because of its importance, many wave models have been proposed during the
past decades. The main purpose of the present study is to find out suitable wave models for
computing H,,, H,.., Hys, Hyo Hoa @nd H,, based on three simple approaches, i.e.

empirical approach, representative wave approach, and conversion approach. This study is
divided into 3 main chapters. The first chapter describes the transformation of
representative wave heights based on empirical approach. The second chapter describes the
development of wave models using representative wave approach. The third chapter
describes the transformation of representative wave heights based on the conversion
approach. The conversion approach consists of four parts, i.e. the wave models for
computing the transformation of H_, [which can be converted to zeroth moment of wave
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spectrum (m, ) through the known constant], the wave models for computing the
transformation of H, ., the conversion formulas for converting from H, . to other
representative wave heights (i.e. H,,, H,,;, H,,,,,and H_, ), and the conversion
formulas for converting from m, to other representative wave heights (i.e. H,,, H
H,., H,,,and H_. ). Hence the conversion model should be constructed based on the

best model (or formulas) from each part. Therefore, this study is divided into 6 parts. The
following is the abstract of the six parts.

The first part concentrates on empirical approach. The empirical approach is
introduced to facilitate engineers for design works and preliminary study of coastal
processes. It seems that only Goda (1975 and 2009) proposed empirical formulas for
computing the transformation of some representative wave heights from offshore to
shoreline. The formulas were proposed for computing the transformation of three common
representative wave heights (i.e. H,,;, H ., and H_,) on plane beaches. The objectives

of this part are to verify the Goda formulas for computing the transformation of H,,;,
H,.., and H_, on unbarred beaches and to extend the formulas for computing the
transformation of H_, H, ., and H,,,. Laboratory data from small-scale and large-scale

wave flumes with unbarred beach conditions are used to verify the formulas. The
verification shows that the formulas give very good predictions of H,,, and H_,, but give

fair prediction of H, . . The formulas are rewritten in the form of a general formula. The

general form of Goda formulas is recalibrated and extended to compute other
representative wave heights (i.e. H,, H,,,and H,,,,). The general formula gives very

good predictions of H,,, H Hy s, Hior Huo @nd H .
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The second part focuses on a model for computing representative wave heights (i.e.
H, s, Hior Hiar @nd H,,,) by using representative wave approach. Many
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researchers have pointed out that the use of representative wave approach can give
erroneous results in the computation of representative wave height transformation.
However, the representative wave approach has a great merit in simple calculation. It will
be useful for practical works (especially for the design of coastal structures), if this
approach can be used to compute the representative wave heights. Rattanapitikon (2008)
showed that the representative wave approach can be used to compute the transformation

of H,,, with good accuracy. Therefore, it may be possible to use the representative wave
approach to predict the transformation of other representative wave heights, i.e. H, H .,
H, 0, Hoao @and H This part is carried out to investigate the possibility of using the
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representative wave approach and find out a suitable dissipation model that can be used to
compute H_, H,.., Hys, Hy0, Howo @nd H, . A large amount and wide range of

max ! rmsz *
experimental conditions (covering small-scale, large-scale, and field experimental
conditions) are used to calibrate and examine the model. The representative wave height
transformation is computed from the energy flux conservation law. Various energy
dissipation models of regular wave breaking are directly applied to the irregular wave
model and test their applicability. It is found that by using an appropriate energy
dissipation model with new coefficients, the representative wave approach can be used to
compute H_, H,., Hy5, Hypp, H and H

The objective of the third part is to propose the most suitable dissipation model for
computing the transformation of spectral significant wave height (H ). A wide range of

experimental conditions (covering small-scale, large-scale, and field experiments) were
used to examine the models. Fourteen existing dissipation models, for computing root-
mean-square wave heights (H,,,. ), were applied to compute H_,. The coefficients of the

models were re-calibrated and the accuracy of the models was compared. It appears that
the model of Janssen and Battjes (2007) with new coefficients gives the best overall
prediction. The simple model proposed in the present paper was modified by changing the
formula of stable wave height in the dissipation model. Comparing with the existing
models, the modified model is the simplest one but gives better accuracy than those of
existing models.

The fourth part focuses on energy dissipation for computing the transformation of
root-mean-square (rms) wave height in the surf zone. There are two approaches to
describe the rms wave height, i.e. statistical approach (or wave-by-wave approach) and
spectral approach (or energy approach). It has been point out by many researchers that the
rms wave height derived from these two approaches is significantly difference. This
difference is expected to cause a significant effect on the estimation of energy dissipation.
However, no direct literature has been made to describe clearly the applicability of existing
energy dissipation models in simulating statistical-based rms wave height (H,,, ). This

part is undertaken to find out the suitable dissipation models for computing H,,, . Five

sources of experimental data are used to examine the accuracy of fifteen existing models.
The existing models are recalibration before examination. By using the new calibrated
coefficients, four existing models give the overall average errors less than 10%. The
models developed based on representative wave concept trend to give better estimation
than those of parametric wave concept.



The fifth part is undertaken to find out suitable conversion formulas for computing
representative wave heights (i.e. mean, significant, highest one-tenth, and maximum wave
heights) from the known commonly used parameters (i.e. root-mean-square wave height,
water depth, spectral peak period, and beach slope). Seventeen sets of conversion formulas
(including existing and modified formulas) are re-calibrated and their accuracy is
compared. A large amount and wide range of experimental conditions from small-scale,
large-scale, and field experiments (2,619 cases collected from 10 sources) are used to
calibrate and verify the conversion formulas. The examination shows that most of the
selected formulas give very good predictions and have similar accuracy. The suitable
formulas are recommended based on the consideration of accuracy and simplicity of the
formulas.

The sixth part focuses on conversion formulas for estimating statistical-based
representative wave heights (i.e. H,,, H,.., H,,;,and H,,,,) from zeroth moment of wave

spectrum (m, ). The applicability of five sets of existing conversion formulas is examined

based on two field experiments of COAST3D project (including 13,430 wave records).
The examination shows that the conversion formulas of Forristall (1978) give the best
prediction. The formulas of Forristall (1978) are modified by reformulating the shape
factor in the formulas. The modified formulas give better estimation than those of existing
formulas. Simple empirical formulas are also proposed. The empirical formulas give nearly
the same accuracy as those of the modified formulas.
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