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ABSTRACT

In analytical approaches, beach profiles are estimated based on the assumption that the
equilibrium condition is reached. Under this assumption, a variety of models have been
proposed in the literature with an attempt to estimate a beach profile with the help of
accessible variables like particle settling velocity. The study reported in this thesis was
conducted to increase the accuracy of beach profile estimations. In this regard, ini-
tially, the particle settling velocity predictions were improved. In the interest of parti-
cle settling velocity, a new search splitting pattern through genetic algorithm, has been
proposed that can be used to optimize the settling velocity equation with a high degree
of accuracy. However, it was realized that the beach profile estimations were not sig-
nificantly enhanced through the improvements. In particular, it was deemed necessary
to investigate whether the difference between an actual and an estimated equilibrium
beach profile (EBP) was due to the limitations in the equilibrium beach profile meth-
odology or the identified profile was, in fact, out of equilibrium. Therefore, it was
thought imperative to first verity if a profile has reached its equilibrium condition. To
this end, in this thesis, a boundary based profile scale factor is proposed, which through
a normalized coordinate system, will lead to a unique global profile scale factor. The
global profile scale factor is then employed to determine an initial linear beach profile.
The amount of erosion and accretion that causes the initial linear profile to transform
to the natural EBP is calculated. Accordingly, the balance between the amount of ero-
sion and accretion will identify a turning point distinguishing the erosion and accretion
areas on the profile. This turning point helps to evaluate whether the profile is in equi-
librium condition or not. The proposed model was validated through various beach

profiles resulting in high degrees of accuracy and reliability as presented in the thesis.
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Normalized coordinate system, Profile scale factor.



Oz

Bir¢ok analitik yaklasimda kiy1 profilleri denge durumuna ulasildigi varsayimina
dayanarak tahmin edilmektedir. Bu varsayim altinda, partikiil ¢okelme hiz1 gibi
degiskenler yardimiyla kiy1 profilini hesaplama girisimi ¢esitli farkliliklar gosteren
modeller yardimiyla literatiirde Onerilmistir. Bu tez ¢alismasi, kiyr profili
tahminlerinin denge durumuna ulasildigi varsayiminin dogrulugunu artirmak ig¢in
yapilmistir. Bu baglamda, baslangigta, partikiil ¢cokelme hizi i¢in farkli aragtirmacilar
tarafindan gelistirilen modeller modifiye edilerek kiy1 profili tahminleri iyilestirilmeye
caligildi. Pargacik ¢okelme hizi hesaplarinin gelistirilmesi ve modifikasyonu igin
genetik algoritma yoluyla yeni bir arama bdlme paterni dnerilmis ve ¢okelme hizinin
yiiksek derecede dogrulukla optimize edilmesi saglanmistir. Sonugta, ¢ékelme hizinda
elde edilen iyilestirilmenin kiyr profili tahminlerinin optimize edilmesine 6nemli
Olglide katki koymadigi anlagilmistir. Bu sonuglar kiyr denge profili modellerinde
Ozellikle, gercek ve teorik profil arasindaki biiyiik farklarin metodolojideki sinir
sartlarinin belirlenmesinden kaynaklandigini veya tanimlanan profilin aslinda denge
dis1 oldugunu arastirmak gerektigini ortaya c¢ikarmustir. Bu amacla, bu tezde,
normallestirilmis koordinat sistemi vasitasiyla 6zgiin bir profil 6l¢egi yaratacak sinir
sartlarinin kosullariyla tanimlanmig profil 6lcek faktori onerilmektedir. Daha sonra,
orijinal dogrusal kiy1 profilini belirleyerek bu profilin dogal denge profiline
donlismesine neden olan erozyon ve birikme miktar1 hesaplanmistir. Buna gore,
erozyon miktar1 ile birikim miktar1 arasindaki denge, profil {izerindeki erozyon ve
y1gilma alanlarini ayiran bir doniisiim noktasi belirlemektedir. Bu dénisiim noktast,
profilin denge durumunda olup olmadigini degerlendirmeye yardimci olmaktadir.

Onerilen model, cesitli kiyr profilleri vasitasiyla dogrulanmis ve yiiksek derecede



guvenilirlik saglamistir.

Anahtar kelimeler: Kiy1 ¢izgisi, Denge kiy1 profili, Morfodinamik, Yakin kiyilar,

Normallestirilmis koordinat sistemi, Profil 6l¢ek faktorii.
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Chapter 1

INTRODUCTION

1.1 Background and statement of the problem

A beach profile is defined as the cross-shore morphology of a beach along a coast. In
nature, water level, waves, currents, and geological conditions vary a lot and therefore,
a stable beach profile may never develop. It is important to express an expression that
can be use to describe beach profile shapes mathematically. Hence, the equilibrium
beach profile (EBP) concept has been defined as a unique profile morphology that has
adjust its final shape under constant wave conditions and grain size (Bruun, 1954; Lar-
son, 1991; Komar, 1998). Experimentally, as the parameters of a wave approaching
the shore can be fixed, the equilibrium profile can be reached. However, in reality the
equilibrium beach profile may not be achieved. Ideally, the shape of an EBP is found
in terms that in an assumed depth-dependent sediment transport equation the transport
is equal to zero. Equilibrium profiles have been studied extensively and it is an im-
portant part of almost every formulation of currents, wave dynamics, sediment
transport, and shoreline response across the surf zone (Bodge, 1992). EBPs are best
used for cases where the bathymetry of a beach is unknown or poorly known and also
for long-term applications such as beach response to sea level rise (Ozkan-Haller and
Brundidge, 2007).

At least three approaches (kinematic, dynamic, and empirical) can be used to develop

a theory for equilibrium beach profiles (Dean and Dalrymple, 2002). In kinematic ap-



proach the beach profile is estimated through the motions of an individual sand parti-
cle. The specified sand particle can be either suspended or bedload. In dynamic ap-
proach, it is accepted that the equilibrium profile occurs when the constructive and
destructive forces acting on the bottom of the beach are balanced. In empirical ap-
proach, the beach profiles found in nature are analyzed and the equilibrium profile is
described based on the most characteristic forms. Generally, in an empirical approach,
the average profile over a period of time is referred to the equilibrium beach profile.
Through the mentioned approaches and with the aim of estimating the equilibrium
beach profile a variety of empirical and semi-empirical equations have been proposed
in the literature. In the process of developing a new approach to estimate the EBP,
generally, it is assumed that the employed profiles that will be used to verify the ap-
proach are in equilibrium condition. Hence, it should be defined that the difference
between an actual and an estimated equilibrium beach profile is due to the limitations
in the methodology of the approach, or simply the identified profile has not reached
the equilibrium condition.

1.2 Aims and objectives of the research

The main aim of this study is to propose a practical use for Deans (1977) analytical
approach that can be employed to improve the models that are used to estimate EBPs.
Deans (1977) approach is based on profile shape factor that is a function of particle
settling velocity. Hence, as a first try, a novel approach in estimating the particles set-
tling velocity was developed. To improve the accuracy of the new settling velocity
equation, it was considered as an optimization problem, and it was optimized through
the published dataset in the literature and new experiments conducted in Civil Engi-
neering hydraulic laboratory of Eastern Mediterranean University (EMU). In the op-

timization process it was recognized that an improved optimization model is required



for engineering problems. Therefore, genetic algorithm was comprehensively studied
and a new optimization algorithm was proposed for engineering problems with an em-
phasize on hydraulic and coastal engineering problems. Subsequently, the new opti-
mized and most accurate settling velocity was used to increase the accuracy of Deans
(1977) estimations. However, it was observed that in some cases the estimations were
improved where in other cases there was no significant changes. The model was able
to estimate some EBPs with a high and some with very low degree of accuracy. The
question raised here was that what is the main difference among these profiles? It was
obvious that if a profile is out of equilibrium condition an EBP model may not be able
to estimate the profile with a high degree of accuracy. Hence, as having an average of
couple of profiles over a specified period of time cannot be verified as the EBP and
using the average profile instead of EBP can decrease the accuracy of the estimations.
In this regard, it is necessary to first verify if a profile is in equilibrium condition.
Therefore, this study aims to propose a model where it can be used to verify if the
equilibrium condition of a beach profile has been reached or not?

1.3 Research questions

- Why some beach profiles can be estimated with a high degree of accuracy and
some are unpredictable?

- In the interest of beach profiles, does improving the particle settling velocity
estimations improve the current models in the literature that are based on par-
ticle setting velocity?

- Can the new optimization methods like search splitting pattern improve the
accuracy of beach profile estimations?

- Isaspecified profile in equilibrium condition?



- Is the low accuracy of a model in predicting the equilibrium beach profile be-
cause of the profile is out of equilibrium condition?
- Is there any turning point on a profile that the erosion section can be differed

from the accretion section?
1.4 The proposed methodology

In the dynamic zone of shoreline up to depth of closure the beach morphodynamics
changes constantly. Thus far, as it is illustrated in Figure 1.1, in the approaches pre-
sented in the literature, first, the beach profiles are plotted continuously over time.
Then by taking the average among the plotted profiles the equilibrium beach profile is
estimated. The obtained beach profile is used to develop new approach in estimating
the EBP. However, in this process it has not been verified that if the obtained profile
is in equilibrium condition and thus it is just an assumption. Herein, a new approach
is presented that can be used to verify if profile is in equilibrium condition or not. In
this regard, through the depth of closure, a boundary based profile shape factor, A, is
proposed. In a normalized coordinate system, the proposed A will lead to a unique
global EBP. With the help of the global EBP the amount of erosion and accretion af-
fecting a profile can be calculated. The balance between the amount of erosion and

accretion is employed to decide if a profile is in equilibrium condition or not.
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Figure 1.1: Methodology Flow Chart

1.5 Outline of the study

This study consists of six chapters. The first chapter is the introduction where the ob-
jectives of the study, information about the contribution of the research to the litera-
ture, and target methodology are presented. In the second chapter, the Coastal zone
and beach profiles are discussed. In Chapter three the equilibrium beach profiles will
be comprehensively reviewed. Chapter four will cover the methodology of this study.
In chapter five the results and discussions are presented. The final chapter, chapter six,

contains the conclusions and recommendation for further studies.
1.6 Importance of the study

A correct equilibrium beach profile description is essential in quantifying nearshore
processes and coastal developments such as the evolution and stability of beaches. The
beach profile is the result of the interchange between onshore and offshore fluxes. The
direction of the cross-shore fluxes is closely related to the nonlinear characteristics of

the incoming waves and it is a key parameter for tools that is used to predict nearshore



processes such as EBPs (da Silva et al., 2006). The concept of equilibrium beach pro-
file is very important in coastal engineering studies. As the process of obtaining the
EBP is very complex, it is difficult to simulate it with numerical models and therefore
a physical model has been an interesting alternative. The advantage of a physical
model is that with constant wave condition an EBP can be reached. The validation of
EBP can increase the reliability of the models, reduce the time and cost of a project,

and improve the estimations that can lead to consistent project.
1.7 Limitations of the study

This study is based on well-known and widely accepted Dean (1977) theory. Although
Deans (1977) approach, due to its analytical background and simplicity, among the
complicated and cumbersome approaches it is highly accurate and reliable, it has its
own limitations that are inherited. The proposed approach is limited to wave domi-
nated beaches and does not cover the longshore sediment transport and only covers the
distance between the shoreline and depth of closure. Moreover, the profile deepens
monotonically in the offshore direction with the assumption of uniform particle size

distribution.



Chapter 2

COASTAL ZONE AND BEACH PROFILE

2.1 Coastal zone

A majority of the world's population inhabit in coastal zones. The term coastal zone is
referred to an extremely dynamic region between the interfaces of the three major nat-
ural systems: earth’s surface atmosphere, land surface, and ocean. Although, coastal
zones share many similar ecological and economic characteristics, they differ in many
geological and biological features. A coastal zone as it is shown in Figure 2.1, can be

divided into four main parts: coast, shore or beach, nearshore, and offshore.

Coast Shore or Beach Nearshore Offshore
Backshore: Foreshore
..'.:s;..'_'...\ / «—
, fov
{ r(l\

Figure 2.1: Sketch and visual definition of the coastal zone

In general, the area in between a land and ocean is defined as coastal environment. The
coastal environment includes both the zone of shallow water and the area landward
(beaches, cliffs, and coastal dunes). The shore or beach is subjected to wave action and

the shallow water is defined as were the waves are able to move sediment. In terms of



storms, the shore or beach, itself, can be divided into two sections, backshore and fore-
shore portion, where backshore section is subjected to wave action only during storms
and foreshore section is subjected to wave action during non-storm conditions (Da-
vidson-Arnott, 2010). Nearshore zone starts after the beach and the seaward limit is
where the offshore is defined. In nearshore region significant sediment transport is
done by waves (Masselink et al., 2014). The offshore boundary is generally defined as
the water depth where the orbital motion associated with the largest storm waves is no
longer able to affect the bed significantly or to transport sediment. The mentioned off-
shore point, were the depth changes over time are negligible is denoted the depth of
closure (Hartman and Kennedy, 2016).

2.2 Beaches

Beach morphology is affected by wave climates, tide range, and sediment characteris-
tics. Roughly, beaches can be classified into three groups of wave dominated, tide
modified, and tide dominated beaches. Wave dominated beaches are those subjected
to low tides and the sediment transport is due to wave action. Tide dominated beaches
form in areas of high tide range. In tide dominated beaches tides are the cause of sig-
nificant sediment transport and predominates over the effects of waves (Heward,
1981). Tide modified beaches can be defined as beaches in between the wave and tide

dominated beaches.

Current study is on wave dominated beaches. On wave dominated beaches the swash
zone connects the dry beach with the surf and it is the steeper part of the shoreline
across which the broken waves run up and down across the beach face. Based on wave
and sand properties, wave-dominated beaches can be divided into three main types:

reflective, intermediate, and dissipative (McArdle and McLachlan, 1992). As it is



shown in Fig. 2.2, dissipative beaches due to high waves and fine sands have a wide
surf zones usually with two or three shore-parallel bars. Intermediate beaches which
are intermediate between the lower energy reflective beaches and the highest energy
dissipative beaches, contain fine to medium sands. The most obvious characteristic of
intermediate beaches is the presence of a surf zone with bars and rips. Lower waves

will cause reflective beaches with coarser sand.

water level water level water level
bar 1
\I bar 2 bar 3
Reflective Intermediate Dissipative

Figure 2.2: Conceptual beach models: Reflective, Intermediate, and Dissipative
(Adopted from Masselink and Short, 1993)

Reflective beaches always have a steep, narrow beach and swash zone. In reflective
beaches as waves move unbroken to the shore and collapse or surge up the beach face,
bars and surf zone are absent (Short, 2005). If there is a mixture of sediment size, then
the coarsest material accumulates at the base of the swash zone (at around low tide
level) and forms a coarse steep step, up to several decimeters high. Immediately sea-
ward of the step is a low gradient near shore (wave shoaling) zone composed of finer
sediment.

2.2.1 Beach profiles

The shape of any surface is called its morphology; hence beach morphology refers to
the shape of the beach, surf and nearshore zone. As all beaches are composed of sedi-
ment deposited by waves, beach morphology reflects the interaction between waves
of a certain height, length and direction and the available sediment; whether it be sand,

cobbles or boulders; together with any other structures such as headlands, reefs and



inlets (Short, 2000). A beach profile, Figure 2.3, represents the cross-shore morphol-

ogy of the beach along the coast (Kaiser & Frihy, 2009).
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Figure 2.3: A sketch of beach profile. The still-water depth is defined as a function of
horizontal distance from the shoreline h(y).

A beach profile is shaped by the natural forces affecting the sand making up the beach
(Dean & Dalrymple, 2004). The size of beach sand determines its contribution to beach
dynamics. Sediments fall through water at a speed which is proportional to its size
(Short, 2000). The fall velocity of the sediments directly affects the profile shape. The
profile shape in between the shoreline up to depth of closure is highly dynamic and
changes constantly. Having an approach that can consider all the variables effecting
the beach profile and be able to estimate accurate beach profiles is yet impossible.
Hence, the dynamic behavior of beach profile makes the concept of equilibrium beach
profile important.

2.2.2 Equilibrium beach profile

For a beach with specific sand size and engaged to a constant breaking waves, the
equilibrium beach profile is defined as a shape that has no net change in time (Larson,
1991). There are different approaches in estimating EBPs. Theoretically and based on
dynamic approach, the result of the balance between the destructive and constructive

forces is considered as the equilibrium beach profile. In an empirical approach, beach

10



profiles are plotted over a wide range of time period and the graphical average of all
the plotted profiles is considered as the representative EBP. In the kinematic approach,
the motions of an individual sand particle is considered. This approach seems to be
highly accurate and complete. However, considering how many particles are in a beach
profile, this approach is beyond our present state of knowledge. The concept of an
equilibrium beach profile has become a guiding principle behind the development of
most shoreline change models (Pilkey et al., 1993; Are & Reimnitz, 2008) and it has
been a part of the ideas in use in coastal engineering studies. At a specific coastal zone,
the steepness and morphological features of a predicted EBP is mainly based on the
grain size characteristics of the beach. In many field studies, it has been recognized
that coarser beaches are characterized by steeper slopes. In contrast, finer beaches
show gentle slope profiles (Kaiser & Frihy, 2009). To verify if a profile is in equilib-
rium condition requires extensive field measurement of beach profiles (Pilkey et al.,

1993).
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Chapter 3

EQUILIBRIUM BEACH PROFILES

3.1 Introduction

There are different destructive and constructive forces affecting beach profiles. If a
beach with a specific sediment size is exposed to a constant force condition, although
sediments will be in motion, it will develop a profile shape that displays no net change
in time. In numerical simulation and based on a given wave height and water level
condition, it is assumed that a beach profile will always end up with its most stable or
equilibrium form (Titus, 1985). Since 1950s the beach equilibrium condition and pro-
file shapes have been studied. Equilibrium profile models have been widely used for
predicting beach changes in the cross-shore direction. The validity and significance of
the equilibrium beach profile equation can be evaluated through extensive field meas-
urements. This has encouraged many researchers to develop mathematical relation-

ships to define the profile shape. In this section, previous studies will be reviewed.
3.2 Theoretical EBPs expressions

The most common beach profile expression is extracted by Bruun (1954) and Dean

(1977).

h() = Ad)y3 G
where h is the water depth at a seaward distance y, A is a dimensional parameter that
depends primarily on sediment characteristics such as settling velocity and diameter.
In the power law Eq. (3.1), Bruun (1954) had assumed that the bottom shear stress and

wave energy dissipation were constant at equilibrium. In the interest of a theoretical
12



approach, for a uniform sediment distributed beach profile, Dean (1977) derived this
power law by assuming a constant wave energy dissipation per unit water volume
along the profile. Later, Moore (1982) exposed that the constant wave energy dissipa-

tion per unit water volume is a function of sediment size.

Moore (1982) was the first researcher who investigated various profiles. As it is shown
in Fig. 3.1, he obtained the profile scale factor as a function of effective diameter of

the sediments across the surf zone.

//
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Figure 3.1: Dependence of A on sediment grain size (Moore, 1982).

Dean (1987) simply transformed Moore’s (1982) relationship and found the simple
relationship between the profile scale factor, A, and the particle settling velocity w
(cm/s).

A =0.067w0* (3.2)
Later, Boon and Green (1988) did a study on ten carbonate beaches in the Sint Maarten
Island located in the extreme northeast corner of the Caribbean Sea at the top of the
Lesser Antillean arc system. They connected the values of A and m to each other

through the following equation:
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m

0.13
A= +0.12 (3.3)

(55)
gDT?

where D is the sediment particle size, T is wave period, Hp is wave breaker height and

g is acceleration due to gravity.

In the interest of particle settling velocity, Kriebel et al. (1991) by considering a frac-
tion of the wave energy dissipation per unit volume due to wave breaking equal to the
energy dissipation associated with suspended sand settling under their own submerged

weight, proposed the A in terms of particle settling velocity w (m/s).

1
A=225 (a’—zf (3.4)
g
where the settling velocity should be between 0.01 and 0.1 m/s.
Later, Dubois (1999) mentioned that A and m are inversely related to each in the form
of an exponential function:

A = aebm (3.5)
where a and b are empirical coefficients that vary from one shore region to another.
They have mentioned that, normally, the value of a is within the interval of [3, 17]
and the value of b is within the interval of [-7, -4].

Tiirker and Kabdasli (2006) by modifying the wave energy dissipation rate proposed

a new definition for profile scale factor:

wIN

a, 3 -1/ 3/
m [gthb 2 + a%hb 2 (36)
L)3

A=

where az is a constant number equal to 3.285, k is the ratio between wave height and
water depth at break, X is the average distance traveled by sedimentary particle, az is
the wave decay constant (that is equal to 0.4), and hp is water depth.

14



In a different approach, Bodge (1992) and Komar and McDougal (1994), proposed the
beach profile shape in forms of an exponential function:

h(y) = —b (1 —e™") 3.7)
where the two coefficients b1 and b2 are estimated by fitting h(y) with field observa-
tions. The coefficient b1 appears to be expressible in terms of aspects of the local inci-
dent wave and bottom sediment characteristics. The coefficient b2 was also correlated
with sediment characteristics of the beach. Based on Bodge (1992) field observations
b2 can be considered within the range of 3x107° to 1.16x10° m™* and the coefficient bz
Is within the range of 2.7 to 70 m.

Later, Dai et al. (2007) investigated equilibrium beach profile in South China and pro-
posed a relationship that they argue it can be applied to sectors both above and below
the sea-water level.

h(y) = bzebY + bg (3.8)
where the coefficients bs, b4, and bs are empirical parameters.
3.2.1 EBP: Analytical solution
Among the different approaches discussed in section 3.2, Dean's (1977) approach pro-
vides an analytical relationship between profile changes and beach sediment charac-
teristics. The model was developed based on linear wave theory, where the wave en-

ergy per unit surface area is considered as:
1

where, p is the density of water. The Energy flux, F, group velocity in shallow water,
Cgq, and spilling break assumption where considered as Egs. (3.10), (3.11), and (3.12)
respectively.

F =EC, (3.10)
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C, =+/gh (3.11)

H = kh (3.12)
where g is the gravity acceleration, H is the local wave height, h is the local water
depth, and k is the breaking index which is about 0.78 (CERC, 1984).

Based on the Energy flux and by considering the offshore direction positive, for a
given sediment size in terms of the energy conservation, the uniform energy dissipa-
tion per unit volume, D, (d), can be written as:

1dF
—D.(d) = hdy (3.13)

where y is the shore-normal coordinate directed onshore. Eq. (3.13) states that when
the sediment is stable, the average wave energy dissipation per unit volume is equal to
the changes in wave energy flux, F, over a certain distance divided by the water depth.
To simplify Eq. (3.13) it can be assumed that the wave energy dissipation per unit
volume for an equilibrium beach profile is only a function of sediment dimeter, d.

d (gpgi?/gh) (3.14)

Taking the derivative and simplifying, the dissipation per unit volume is solved to be:

5 3 1dh

Eq. (3.15) illustrates that the dissipation per unit volume has a direct relationship with
the square root of the water depth and the beach slope. Moreover, in this equation the
onshore coordinate y has been changed to offshore direction y, leading to the elimina-
tion of the minus sign. In Eq. (3.15) the depth h is the only variable that varies with y,

thus we can integrate for h:
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h(y)—<5pgk2\/g> y3 = A(d)y3 (3.16)

As mentioned before y is oriented in an offshore direction with the origin at the mean
water line. The A in Eq. (3.16) is a dimensional parameter and it is referred to as the
profile scale factor. The profile scale factor is a function of energy dissipation and it is
affected indirectly by the sediment size of the beach.

3.3 Literature review

Generally, in most of the models developed for simulating shoreline changes (Hanson
and Kraus, 1989), equilibrium beach profile is the main concept. Empirically, it has
been tried to validate EBPs. Kaiser and Frihy (2009) have analyzed the main Nile
headlands: Abu-Quir bay, Rosetta promontory and Burullus. The measured profiles
were compared with the exponential beach profile concept, Eq. (3.7). The results
showed that the profiles cannot be described only by an exponential hypothesis. It has
been concluded that the beach profiles along the Nile Delta can be described through
equilibrium expression. However, one equilibrium profile equation is not sufficient to
assess all beach profiles.

Choi et al. (2016) performed laboratory experiments based on wave data measured at
the Haeundae coast during 3 years. The experiments were done with two dominant
waves: a storm wave and a normal wave. They have conducted that the storm and
normal waves did alternately changed the beach profile up to a quasi-equilibrium
beach profile that reasonably agreed to the beach profile of the Haeundae beach.

The morphology of beach profiles is required to solve many coastal engineering prob-
lems. Hence, different researchers have tried to improve the current equations for dif-
ferent uses. For instance, Aragonés et al. (2016) have developed a new methodology

to increase the accuracy of the existing equilibrium beach profile models for Valencia's
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beaches. They have conducted that from models obtained by analysis and testing
through potential, exponential and logarithmic functions, the potential function pro-
vides the best results.

Ludka et al. (2015) tried to give field evidence of beach profile evolution toward equi-
librium. They studied profiles from five beaches (medium grain size sand) in southern
California. Elevations were observed quarterly for 3 to 10 years. They have conducted
that physics-based process models are needed to quantify the complex fluid and sedi-
ment dynamics underlying the observed macroscopic equilibrium behavior, to deter-
mine the role of the neglected alongshore transport, and to explore causes of model

failures.
3.4 Improvement of particle settling velocity

There are a variety of particle settling velocity equations in the literature. Cheng (1997)
developed a simplified equation based on a relationship between the particle Reynolds

number and particle drag coefficient:

“ o (Vsria@-s)” (3.17)

where w is particle settling velocity, v is ambient fluid kinematic viscosity, and d, ,
the dimensionless diameter, that is defined as:
1
S—1)g\3
d =d (M) (3.18)
UZ

where S is the particle specific gravity, and g is gravitational acceleration.
In a similar approach and in order to increase the accuracy of the particle settling ve-

locity estimations, Wu and Wang (2006) proposed an equation based on particle shape:

n

1
My AN _\m
=—1 |o. 3) —o. 3.19
© =5 j025+(3MZd*> 0.5 (3.19)
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where M, N and n are shape dependent coefficients and are defined as:
M = 53.5¢70-655/
N = 5.65e~2>5f (3.20)
n = 0.7 + 0.95;

where St is particle Corey shape factor and it is defined as:

ds

where d,, d,, and d5 are the lengths of longest, intermediate, and shortest axes of the

Sp = (3.21)

particle, respectively.

In this study, a different methodology is used to improve the particle settling velocity
estimations. In this regard, the particle drag coefficient is considered as a function of
particle nominal diameter, gravitational acceleration, the ambient fluid kinematic vis-
cosity, and particle shape defined as Corey shape factor. And the effect of particle

specific gravity is only considered in particle settling velocity.

4(S—1)g 2
wr =G VI3, (3.22)
3G,

Hence, the particle drag coefficient independent of particle specific gravity is defined

as:
Cp = <a4—><v + a5>a2 (3.23)
drll.S X gO.S
where:
a, = 2.023
a, = 96.45 — 74748711 (3.24)

as = 1.129 — 0.4355}1'7

The experimental work of the study was conducted in the hydraulic laboratory of East-

ern Mediterranean University. The aim was to capture the motion of sedimentation and
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to calculate the settling velocity in order to improve the accuracy of settling velocity
estimations. To calculate the nominal diameter and shape factor the three orthogonal
diameters of each particle was measured through 3 dimensional photography. The set-
tling process was done in a 2000 mm long and 250 mm diameter clear acrylic tube
containing fresh water. The particles were released slightly below the water surface
and allowed to fall for 1000 mm to achieve the terminal velocity. Then the settling
motion was captured in the following 891 mm by the help of Sony NEX-VG900 digital
camcorder. A rechargeable temperature data logger (OMEGA: OM-EL-USB-1-RCG)
with resolution of 0.1°C was placed in the middle of the tube and the temperature of
the ambient fluid was recorded per second. Different temperatures were used to obtain
different ambient fluid kinematic viscosities. The experiments were done in five dif-
ferent temperatures (13.7°C, 14.3°C, 27.4°C, 27.5°C, 28.5°C). The experiment dura-
tions were limited to 10 minutes in order to avoid temperature variation. All the videos
were decoded to frames as a sequence of images to show the motion of the particles
settling in the tube in a single image. As it is shown in Fig. 3.2, during the settlement
process, particles had different wandering behavior with an apparent different wave-
lengths and amplitudes. It was observed that particles settle with their largest projected
area normal to the settling direction. Similar observations is reported in the literature

as well (Smith and Cheung, 2003; Komar and Reimers, 1978).
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Figure 3.2: Videos converted to a sequence of images. The distance from the base
point is given in mm on the left. The velocity measurements were conducted in three
parts: Part I, Part I, and Part I1I.

During each experiment the time necessary for particles to travel through part I and
part Il in Fig. 3.2 were recorded and compared to make sure that in the main measure-
ment interval (part I11) the settling velocity was achieved. Among all the experiments,
the 46 particles settling with zero acceleration are listed in Appendix A. The specific
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gravity of the particles were measured through pycnometer test.

3.4.1 Results and discussion

The proposed drag coefficient, Eq. (3.23), was compared with drag coefficients pro-
posed by Julien (1995), Cheng (1997), She et al. (2005), Wu and Wang (2006), and
Camenen (2007) through MRE. As it is shown in Fig. 3.3, for particle Reynolds num-
ber greater than 30, the drag coefficients proposed in the literature estimate higher
values in comparison with Eq. (3.23). The overestimations of the drag coefficient in
the literature is due to the assumption of spherical particles which is an overestimated
value for natural sediment particles. The drag coefficient values obtained by equations
proposed by Julien (1995) and She et al. (2005) have considerable deviation from Eq.
(3.23). The main reason of this deviation can be attributed to the size and the shape of
the particles used in previous studies. As shown in Fig. 3.3, under the condition of high
Reynolds numbers (Re>1000) the drag coefficients proposed by Julien (1995) and She
et al. (2005) equals to 1.5. However, according to Cheng (1997), for high particle
Reynolds number, the drag coefficient of natural sediment particles (St = 0.7) should

be within the interval of [1.0, 1.2].
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Figure 3.3: The relationship between different drag coefficients and particle Reyn-

olds number for particles with shape factor equal to 0.7

The improvement of drag coefficient increase the accuracy of the settling velocity cal-
culations. In this regard, Eg. (3.22), the settling velocity based on the new drag coef-
ficient defined in this study, is compared with three well-known accurate settling ve-
locity equations proposed by Swamee and Ojha (1991), Wu and Wang (2006), and
Camenen (2007). The comparison is done through mean relative error. As the proposed
settling velocity equation covers the effect of particle shape factor, in order to illustrate
the performance of the equation, the employed dataset was divided into five different
groups based on the particles shape factor. As Table 3.1 illustrates the proposed equa-

tion shows better performance than the mentioned equations in the complete range of

particle shape factor.
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Table 3.1: Comparison of different settling velocity equations against data with shape
factors through MRE.

Shape factor Data Num- Swamee and Wu and Camenen Eq.

range ber Ojha (1991) Wang (2007)* (3.22)
(2006)
Mean relative errors (%)

0<Sr <02 4 11.2% 8.1% 36% 4.7%
02<S <04 45 10.5% 6.2% 21% 6.1%
04<St <0.6 105 12.1% 6.8% 6.8% 6.7%
0.6<S <0.8 186 29.4% 6.4% 9.2% 6.3%
08<5S <1 58 21.5% 5.5% 21% 4.4%
Total 398 21.4% 6.3% 11.8% 6.1%

* Roundness factor was selected 3.5 as it was mentioned by Camenen (2007) for Nat-
ural sands. For the employed dataset, different roundness numbers were tested and the
departure of roundness factor from 3.5 decreases the accuracy of the settling velocity
calculated by the equation proposed by Camenen (2007).

The high accuracy of Wu and Wang (2006) equation describes their logical approach
to settling velocity. As it can be observed from Table 3.1, the highest accuracy of Wu
and Wang (2006) equation is obtained for particles with shape factor within the inter-
val of (0.8, 1]. This high accuracy is in line with the argument that their approach is
based on the assumption of spherical particles. The results obtained through Eq. (3.22)
shows that the presented approach has improved the accuracy of the settling velocity

on the entire range of particle shape factor.
3.5 Effect of particle settling velocity on profile scale factor

Herein, the effect of three different particle settling velocity equations, mentioned in
section 3.4, on profile scale factor is investigated.

In Dean's (1977) analytical approach, the profile scale factor, A, has not been directly
defined. Hence, researches have tried to obtain the value of A through accessible pa-
rameters. Therefore, as it was mentioned earlier, Egs. (3.2) and (3.4) have defined A
in terms of particle settling velocity. Hence, improving the particle settling velocity
can affect the accuracy of beach profile estimations. It seems necessary to verify the

effect of particle settling velocity on profile scale factor.
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As illustrated in Table 3.2 the profile scale factor for a specific particle with diameter

of 0.05cm has been calculated through different approaches presented above.

Table 3.2: Effect of particle settling velocity on profile scale factor, where the parti-
cle diameter is fixed to 0.05 cm, kinematic viscosity has been considered as
0.000001 m?/s and Corey shape factor to be equal to 0.7.

Approach Eq. (3.2) Eq. (3.4) Difference
Cheng (1997) 0.1481 0.1804 0.032
Wu and Wang (2006) 0.1528 0.1890 0.036
Riazi and Turker (2017c) 0.1520 0.1876 0.036
Average 0.1510 0.1857 0.0347

Based on the obtained values for A through different settling velocity equations,

equilibrium beach profiles based on Eq. (3.1) are plotted (Fig 3.4).
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Figure 3.4: Effect of different particle settling velocity on EBP

As it can be observed in Fig. 3.4 different settling velocity equations don’t have sig-
nificant effect on estimating beach profiles. The same procedure has been done for
particles with sizes ranging from 0.1mm up to 10mm and similarly no significant effect
on estimating the beach profiles were observed. However, changing the approach from

Eg. (3.2) to Eq. (3.4) has led to different beach profile. Therefore, although Eq. (3.22)
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has improved the settling velocity estimations, the profile scale factor estimations
through particle settling velocity has not been improved. It seems necessary to verify
that the difference between an actual and an estimated equilibrium beach profile is due
to the limitations in the equilibrium beach profile methodology, or the identified pro-

file is out of equilibrium.
3.6 Best fit profile scale factor

Because of the low accuracy of the proposed profile scale factors, normally researchers
obtain the magnitude of A through best fit process. In the best fit process it is assumed
that the EBP is available. Accepting that Dean’s (1977) approach presents the standard
equilibrium beach profile shape (Wang and Kraus, 2005), in the best fit process, it is
altered to an optimization problem with two unknowns:

h(y) = Ay® (3.25)
where the aim is to find best values for A and b that fits Eq. (3.25) to the EBP with the
lowest error. Normally the values are obtained through a trial and error process. To
improve the optimization process, a novel genetic algorithm was developed by Riazi
and Turker (2017b). The best fit method has been compared with the new optimization
method through five EBPs cited by Bodge (1992). The five EBPs are illustrated in Fig.

3.5.
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Figure 3.5: Five different EBPs from literature (Bodge, 1992).

The accuracy of the methods are compared through Mean Absolute Error (MAE),
where the lower values of MAE indicates higher accuracy.

_ ?=1|h(yi)cal B h(yi)actl (326)
n

MAE

where n is the number of measured points in a profile, hcal is the calculated depth by

Eq. (3.17), and hact is the actual measured depth of the profile at the distance of y.

The results obtained here are compared with the results proposed by Bodge (1992). As
it is illustrated in Table 3.3, for all five profiles, the profile scale factors obtained by
the method proposed by Riazi and Tirker (2017b) have higher degree of accuracy with

a lower mean absolute error.
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Table 3.3: Comparison between the profile scale factor values obtained through the
method proposed by Riazi and Tirker (2017b) with the values obtained by best fit
process that where cited by Bodge (1992).

Bodge (1992) Proposed method
A MAE A MAE
Profile n b b

(ft?) (%) (ft?) (%)

I 191 1.035 0.385  105.3 1.045 0.382 104.8

1 201 0.167 0.706 73.5 0.137 0.735 71.6
i 195 0.036 0.914 85.5 0.024 0.975 83.8
v 160 0.037 0.905 98.1 0.031 0.932 97.8
V 217 0.474 0.419 58.00 0.657 0.363 40.1

Although best fit method can be used to obtain more accurate profile shape estima-
tions, it has three main disadvantages. First, the best fit method for the calculation of
A is based on the assumption that beach profiles are available and are in equilibrium
condition. Second, in most cases the location of depth of closure in beach profiles
obtained based on the best fit A differs from those in actual profiles. As the depth of
closure depends on the wave climate and sediment diameter, the profile obtained
through best fit method refers to a profile with different wave climate and sediment
diameter distribution. Third, in the best fit method the analytical value 2/3 for b is

changed to an empirical value.

There are adequate theoretical and experimental evidences to show that Dean’s (1977)
approach can be improved to estimate accurate EBPs. However, for instance, the errors
obtained in Table 3.3 are not satisfactory. It should be noted that Dean’s (1977) ap-
proach is based on the assumption that the profile is in equilibrium condition. Hence,
the errors can be due to beach profile condition, where the equilibrium condition may
have not been reached yet. Therefore, it seems necessary to propose a model that can

be used to distinguish equilibrium from disequilibrium beach profiles.
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Chapter 4

METHODOLOGY

4.1 Introduction

Thus far, among the methods of estimating the profile scale factor, best fit method has
better accuracy. However, as it is illustrated in Table 3.2, the profiles estimated
through best fit A, have an error ranging between %40 to 105%. Obtained error could
be due to the limitation of the proposed approaches or simply, the specified profile can
be out of equilibrium condition. Accepting Dean’s (1977) theoretical approach, it
seems necessary to be able to check if a profile has reached its equilibrium condition

or not.

To this aim, considering the destructive forces as the main cause of erosion and con-
structive forces as the main cause of accretion, herein, the definition that defines the
EBPs as the balance between the amount of erosion and accretion is employed. Hence,
the amount of erosion and accretion forming a beach profile is used to declare that if a
profile has reached its equilibrium condition. Therefore, as proposed by Riazi and TU-
rker (2017a), first, the initial beach profile is required. The initial beach profile is de-
fined as the primary shape of a profile in absence of destructive forces, mainly waves.
The advantage of having the initial beach profile is that the amount of erosion and
accretion causing the initial profile to transform to its current shape can be calculated.
In order to be able to find the initial beach profile, herein, a boundary based profile

scale factor is introduced. In a normalized coordinate system, the proposed boundary
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based profile scale factor determines a turning point on the profile that demarcates the
erosion from accretion area. It will be analytically shown that permanently the turning
point in all EBPs will be equal to a fixed constant number. Therefore, the value of the
turning point will be a good evidence to distinguish equilibrium from non-equilibrium

beach profiles.

In the interest of the validity of the proposed approach, sixteen different groups of
beach profiles from the literature has been employed. They all have been claimed that
are in equilibrium condition. Asillustrated in Table 4.1 the profiles have been gathered
from three well-known previously published research articles. The groups are ten
EBPs (group I to X) investigated by Dean (1977) and cited by Bodge (1992), three
EBPs (group XI to X111) examined by Romanczyk et al. (2005), and three EBPs (XIV

to XVI) studied by Zenkovich (1967) and cited by Dean (1991).

Table 4.1: Beach profiles as reported in the literature and claimed to be in equilibrium
condition. The best fit A is calculated by the mentioned researchers and fits Eq. (3.1)
to the profiles with the lowest error.

Group Location Country  Sea Best fit A (m*®)
Bodge 1992

I From Montauk Point USA Atlantic ocean 0.107
To Rockaway Beach

I From Sandy Hook To USA Atlantic ocean 0.146
Cape May

I From Fenwick Light USA Atlantic ocean 0.127
To Ocean City Inlet

v From Virginia Beach USA Atlantic ocean 0.122
To Ocracoke

\Y From Folly Beach To USA Atlantic ocean 0.061
Tybee Island

Vi From Nassau Sound To USA Atlantic ocean 0.105
Golden Beach

VII Key West USA Gulf of Mexico 0.038

VI From Caxambas Pass USA Gulf of Mexico 0.084

To Clearwater Beach
IX From St. Andrew Pt. USA Gulf of Mexico 0.063
To Rollover Fish Pass
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Table 4.1: continued.
Group Location Country  Sea Best fit A (m*®)

X From Galveston To USA Gulf of Mexico 0.067
Brazon Santiago

Romanczyk et al. 2005

XI Queensland Australia Coral Sea 0.143

Xl North Carolina USA Atlantic Ocean 0.095

X1 Jerba Island Tunisia  Mediterranean Sea 0.063
Dean 1991

XV Kamchatka Russia Pacific Ocean 0.82

XV Krasnodar Krai Russia Black Sea 0.25

XVI Kamchatka Russia Pacific Ocean 0.07

In Table 4.1 equilibrium beach profiles categorized as Group | to Group X are the
average profile of 35, 43, 38, 29, 15, 234, 10, 35, 38, and 27 measured profiles, respec-
tively. The beach sediment in Group XI is silica sand with diameter within the range
of [0.2mm, 0.3mm]. The largest wave heights are measured 8.5-12m with correspond-
ing wave periods of 14-22 seconds. In Group XII, the beach sediments in the nearshore
zone are well sorted and composed of fine sand with diameters ranging from 0.11 to
0.21 mm. The beach sediment of Group XIII is composed of silica with a mean diam-
eter of 0.2 mm and of carbonates with mean diameters of 0.08 mm. The wave climate,
which is typical for the Southern part of the Mediterranean Sea, is comprised of waves
with periods up to 14 s and corresponding wave heights of 3.5 m. Group XIV is a
boulder coast with average sand diameter from 150 mm to 300 mm. The average sand
diameter in Group XVI is 0.25 mm. The equilibrium beach profiles of the coastal re-

gions mentioned in Table 4.1 are presented in Appendix B.

In this chapter, first the boundary based beach profile scale factor will be defined and

later, the proposed profile scale factor will be used to define the turning point.
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4.2 Boundary based beach profile scale factor

As it was mentioned in section 3.2.1 the profile scale factor expression proposed by
Dean (1977) is a function of particle diameter. In any wave dominant beach, the diam-
eter of sediments on the beach profile varies from shoreline to the offshore (Larson,
1991). Hence, defining the profile scale factor as a function of constant sediment di-
ameter or particle settling velocity is an oversimplification that affects the accuracy of
the profile estimations. In the interest of accuracy, it is essential to define the profile
scale factor as a function of all parameters causing the shape of the profile. However,
defining all parameters affecting the shape of a profile, yet may be impossible. Hence,
a parameter that shows the resultant effect of all variables should be considered. Ana-
lyzing the water depth of sandy beaches over months and years shows considerable
variation in the surf zone up to the point of closure where changes become impercep-
tible (Hallermeier, 1981). The concept of depth of closure is a fundamental cross-shore
boundary condition for morphodynamics, beach nourishment, and sediment transpor-
tation. The location of depth of closure can be considered as the result of natural beach
slope changes, incoming wave magnitudes, and the sediment diameter building the
profile and it can be considered as the limit of the equilibrium beach profile (Dean,
2003). Therefore, herein, the profile scale factor A, is proposed in terms of depth of
closure. Accordingly, in a 2D Cartesian coordinate system, the boundary points are
considered as the shoreline with the coordinate of (0,0) and the depth of closure with
the coordinate (yc,hc), where the water depth variations are negligible. Where, the dis-
tance from the shoreline, positive seaward (y), is considered as the horizontal axis and
the vertical axis is defined as the depth of the water (h), positive downwards. Hence,
in equilibrium condition, one can define the profile scale factor, A, such that Eq. (3.1)

passes through the boundary coordinates.
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2

4, = hey 3 (4.1)

where Ac is boundary based profile scale factor. Fig. 4.1 illustrates the difference be-
tween the estimated EBP for Group | through Eq. (4.1) and the best fit A obtained by

previous researchers.

Distance, y (m)
0 100 200 300 400

EBP :: Group |
----Eq.(4.1)

3N
1 \ ............. Best fit

m), h (m)

Water depth (

6

Figure 4.1: A model of natural EBP based on Dean’s (1977) approach, illustrating
proposed scale factor in contrast to the best fit A. As it can be observed Eq. (4.1) esti-
mates a profile with the same depth of closure as the natural EBP.

As the change in the magnitude of the depth of closure exemplifies a new wave climate
and a different sediment diameter distribution over the beach profile, the estimated
profile through best fit A represents EBP with different natural conditions. The ad-
vantage of the proposed Ac, as shown in Fig. 4.1, is that the magnitude of estimated
and natural depth of closure are equal, and therefore, at least it is estimating a profile

with similar natural conditions.
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4.3 Initial profile and the turning point

Without waves, the shape of a sandy beach will have a linear formation (Dean and
Dalrymple, 2002). Considering the linear profile as the initial beach profile, the
amount of erosion and accretion causing the initial linear profile to transform to the
natural EBP can be defined. As illustrated in Fig. 4.2, by considering a local balance
between the amount of erosion and accretion on the profile, a turning point can be
defined that separates the erosion and accretion volume per unit width on the profile

with respect to the initial linear profile.

Shoreline Turning point Closure depth
Segment 1 Segment 2 Offshore
P—— ' — | —
Berm 6_\ i
i Breaking waves : mean water level

o
1

- e e - temssssssssssssss s === -

E B~ h(yc)
- ,
o —
g ——
8 T——3lance ~==<Zlon. )
© — ~<
=
Rigid bottom - T
v 0 Distance offshore (m)

h
Figure 4.2: A sketch of equilibrium beach profile. The still-water depth is defined as
a function of horizontal distance from the shoreline h(y) and local balance between
the erosion and accretion volume per unit width on EBP. In this figure, the breaking
waves are considered as the main cause of erosion

To have an applicable global model, in this study the effect of scale is omitted through
a normalized coordinate system. To this end, to ensure that all beach profiles have
theoretically common scale ranging within [0, 1], the distance from shoreline and the
depth of water is normalized respectively through Eq. (4.2) and Eq. (4.3) by consider-
ing the coordinates of depth of closure as the end limit of EBP (Dean, 2003).

« i
y —_— —_—

" (4.2)

34



hi (4.3)

where yi is the horizontal distance of a point within the profile to the origin of the
profile, positive seawards; and hi is the water depth positive downwards. The main
advantage of normalized coordinate system is that the value of Ac calculated through
Eq. (4.1) will always be equal to 1 and therefore, Eq. (3.1) in a normalized coordinate
system will be independent of profile scale factor, A.
B = ()3 (4.4)

Considering the effect of sediment compression can be negligible, in an analytical ap-
proach, the amount of sediment eroded should be equal to the amount of sediment
accreted. In this regard, in a normalized coordinate system, Eq. (4.4) leads to the def-
inition of an initial linear beach profile and global turning point. To obtain the initial
linear beach profile, the volume of water per unit width («) above the profile is calcu-

lated (Fig. 4.3), bearing in mind that the water above the sand shapes the beach profile.
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Figure 4.3: Representation of EBP through Eq. (4.4). The profile is the lower bound-
ary for the volume of water per unit width above the sand. Given h* as a function of
y*, the volume of water per unit width can be calculated by definite integral of y*
over the interval [0,1].

1
a=f h* dy* (4.5)
0

By solving Eq. (4.5) with respect to Eq. (4.4), the volume of water per unit width in a

m3/m

normalized coordinate system is equal to @ = 0.6 . Considering the absence of

m3/m
wave, the water and the sand in the profile should be linearly equipoised. Therefore,

by keeping the offshore distance constant, the calculated volume of water per unit

3
width (0.6 23%) is reshaped as a right triangle so that the profile will have a linear

shape (Fig. 4.4). The obtained linear line (hypotenuse of the right triangle) that sepa-
rates the water and sand making the beach is considered as the initial linear beach

profile. Since the offshore distance is constant the same amount of volume of water

m

above the beach profile (0.6

mz;Z) can be reached when h* = 1.2. Therefore, the
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equation of the initial linear beach profile can be obtained as:

R =1.2y" (4.6)

In a normalized coordinate system Eq. (4.6) and Eq. (4.4) coincides at y* = 0.58. As
illustrated in Fig. 4.4, the evolution of changes from the initial linear profile, Eq. (4.6),
to the final equilibrium beach profile, Eq. (4.4), can be divided into two parts. One is
from the shoreline up to y* = 0.58 that the destructive forces have caused erosion from
the initial linear profile and the other from y* = 0.58 to depth of closure where the
offshore sediment transport has formed accretion. Therefore, this point is considered
as the turning point. As the EBPs are completely different from beach to beach, the

corresponding value of h* when y* = 0.58 differs for different profiles.

Yy
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0 @
\\\, . Eg.(4.4)
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NI (49
. =,
- J
0.4 «%%
* ~ .
< ~ Tuming point
0.6 .
B ::A‘.."t’
08 . 'r:.'\-,,,‘
1.2

Figure 4.4: Initial linear and analytical representation of natural equilibrium beach
profiles in a normalized coordinate system. The empty space between the initial lin-
ear profile and EBP up to the turning point illustrates the amount of erosion required
so that the initial linear profile transforms into the analytical representation of natural

equilibrium profile.
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The advantage of Figure 4.4 is that the amount of erosion and accretion causing the
initial linear beach profile to transform to the equilibrium condition can be calculated.
Thus, the volume per unit width of the erosion can be defined as:

de =dh* xdy* 4.7
Eq. (4.7) can be used to calculate the exact volume of erosion per unit width in contrast

to the initial linear profile in an analytical equilibrium beach profile:

0.58

Erosion = f

2
<y*§ — 1.2y*) dy*
0
(4.8)

m3/m
= 0.04 /

m3/m
Consequently, with the same concept the volume per unit width of the accretion can

be calculated.

1

Accretion = f

2
(1.2y* — y*§) dy*
0.58

(4.9)
m3/m

= 0.04
0.04

Since the normalized volume per unit width of erosion and accretion are equal, results
of Eq. (4.8) and Eq. (4.9) provide evidence that the beach is in equilibrium condition.
This process can be applied to beach profiles to validate if the profiles are in an equi-

librium state.
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Chapter 5

RESULTS AND DISCUSSIONS

This chapter presents the results and discussion of the methods, that is, the boundary
based profile scale factor and the turning point as presented in Chapter 4. In order to
assess the applicability of the model, the model is exposed to different wave climates
and mean morphologies. First, the proposed boundary based profile scale factor, Eq.
(4.1), is validated in section 5.1. Next, the reliability of the proposed turning point is

discussed in section 5.2.
5.1 Validity of the boundary based profile scale factor

The proposed boundary based profile scale factor, is validated through the previously
confirmed equilibrium beach profiles defined in Table 4.1. As it is illustrated in Table
5.1 the relative error among the “Best fit A” obtained by other researchers and pro-

posed boundary based A is calculated.

As it can be seen in Table 5.1, Eq. (4.1) is able to calculate the value of A with an
average relative error of 8.14%. The proposed boundary based profile scale factor is
based on the fact that the estimated and natural EBPs should have the same depth of
closure. It can, therefore, be seen that in profiles such as Group X1V where the best fit
A obeys the same rule (Fig. 5.1: Group XIV), the error of calculated A decreases enor-
mously. However, when the beach profile plotted based on best fit A takes a different
depth of closure (Fig. 5.1: Group XVI), the error of A calculated through Eq. (4.1)
increases. Accepting that the depth of closure defines the offshore limits of EBPs, the

relative error obtained in Table 5.1 shows the vertical deviation of depth of closure
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plotted by the help of best fit A. As depth of closure variation depends on changes in
wave climate and different sediment diameter distribution, the relative error illustrates

the inaccuracy of best fit A.

Table 5.1: Relative error of the proposed profile scale factor. Lower relative errors
indicate that the predictions of A by Eq. (4.1) are close to the values obtained through
best fit process.

Group Best fit A Boundary Relative error (%) Comment

Based A
I 0.107 0.096 10.28 Underestimation
I 0.146 0.143 2.05 Underestimation
Il 0.127 0.132 3.94 Overestimation
v 0.122 0.130 6.56 Overestimation
\Y 0.061 0.049 19.67 Underestimation
VI 0.105 0.106 0.95 Overestimation
VII 0.038 0.041 7.89 Overestimation
VI 0.084 0.072 14.29 Underestimation
IX 0.063 0.057 9.52 Underestimation
X 0.067 0.065 2.99 Underestimation
Xl 0.143 0.159 11.19 Overestimation
Xl 0.095 0.091 4.21 Underestimation
X1 0.063 0.069 9.52 Overestimation
XV 0.82 0.821 0.12 Overestimation
XV 0.25 0.236 5.60 Underestimation
XVI 0.07 0.085 21.43 Overestimation
Minimum 0.12
Average 8.14
Maximum 21.43
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Figure 5.1: Equilibrium beach profiles XIV and XVI with predicted profiles in previ-
ous studies with lowest and highest diverse to depth of closure, respectively.

The profile scale factor related to equilibrium profile XIV with the magnitude of
0.8m*” falls beyond the average value of profile scale factors mentioned in Table 4.1.
The main reason for this observation is that the depth of closure with the magnitude of
9.9 meter happens at 41.6 meter away from the shoreline. The high slope of the profile

causes the profile scale factor to be enormously large.

5.2 Reliability of the proposed turning point

By applying the proposed model to all the 16 beach profiles mentioned in Table 4.1
the reliability of the turning point is obtained. For all the beach profiles the depth of
closure is considered based on the one presented in the literature and as it is illustrated

in Fig. 5.2 to 5.17, the profiles are normalized through Egs. (4.2) and (4.3).
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Figure 5.2: Coincide of the natural equilibrium beach profile, Group I, and its initial
linear profile in a normalized coordinate system.
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Figure 5.3: Coincide of the natural equilibrium beach profile, Group I1, and its initial
linear profile in a normalized coordinate system.
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Figure 5.4: Coincide of the natural equilibrium beach profile, Group I11, and its ini-
tial linear profile in a normalized coordinate system.
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Figure 5.5: Coincide of the natural equilibrium beach profile, Group 1V, and its ini-
tial linear profile in a normalized coordinate system.
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Figure 5.6: Coincide of the natural equilibrium beach profile, Group V, and its initial
linear profile in a normalized coordinate system.
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Figure 5.7: Coincide of the natural equilibrium beach profile, Group VI, and its ini-
tial linear profile in a normalized coordinate system.
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Figure 5.8: Coincide of the natural equilibrium beach profile, Group VII, and its ini-
tial linear profile in a normalized coordinate system.
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Figure 5.9: Coincide of the natural equilibrium beach profile, Group VIII, and its ini-
tial linear profile in a normalized coordinate system.
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Figure 5.10: Coincide of the natural equilibrium beach profile, Group IX, and its ini-
tial linear profile in a normalized coordinate system.
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Figure 5.11: Coincide of the natural equilibrium beach profile, Group X, and its ini-
tial linear profile in a normalized coordinate system.
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Figure 5.12: Coincide of the natural equilibrium beach profile, Group XI, and its ini-
tial linear profile in a normalized coordinate system.
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Figure 5.13: Coincide of the natural equilibrium beach profile, Group XII, and its ini-
tial linear profile in a normalized coordinate system.
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Figure 5.14: Coincide of the natural equilibrium beach profile, Group XIlII, and its
initial linear profile in a normalized coordinate system.
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Figure 5.15: Coincide of the natural equilibrium beach profile, Group XIV, and its
initial linear profile in a normalized coordinate system.
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Figure 5.16: Coincide of the natural equilibrium beach profile, Group XV, and its in-
itial linear profile in a normalized coordinate system.
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Figure 5.17: Coincide of the natural equilibrium beach profile, Group XVI, and its
initial linear profile in a normalized coordinate system.

Based on Figs. 5.2 to 5.17 the amount of normalized erosion and accretion of all 16

beach profiles were calculated (Table 5.2).
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Table 5.2: Results of the proposed model applied on the beach profiles employed from
literature.

Group Normalized Normalized Normalized Normalized vol-
volume of water turning point volume of erosion ume of accretion
per unit width per unit width per unit width

I 0.7001 0.59 0.1001 0.1024

I 0.6052 0.66 0.0309 0.0335

Il 0.5498 0.2,0.48,0.84 0.0147 0.0154

vV 0.5427 0.28,0.66,0.84 0.0199 0.0194

\% 0.7799 0.61 0.1018 0.1030

VI 0.5976 0.54 0.0428 0.0434

VI 0.5462 0.28 0.0324 0.0238

VI 0.7377 0.6 0.1901 0.1816

IX 0.6583 0.7 0.0436 0.0447

X 0.6313 0.6 0.0248 0.0255

Xl 0.5558 0.64 0.0247 0.0191

XIl 0.6215 0.56 0.0490 0.0433

Xl 0.6724 0.62 0.0671 0.0592

XV 0.5818 0.73 0.0284 0.0210

XV 0.6201 0.56 0.0590 0.0497

XVI  0.4672 0.205, 0.28, 0.0302 0.0218

0.42,0.76

In section 4.3, it was analytically shown that in a beach profile when the value of the
turning point is equal to 0.58 the amount of erosion and accretion will be equal to each
other. As it can be observed in Table 5.2, practically, in all the beach profiles, when
the turning point approaches to the analytical value of y*= 0.58, the erosion and accre-
tion values balance each other. Among all the profiles mentioned in Table 5.2, the
highest error between the amount of erosion and accretion belongs to profiles VII,
X1V, and XVI1 where the turning point has the highest variation. Furthermore, it ap-
pears that beach profiles 11, 1V, and XVI are more tended to possess multiple low-
amplitude bars that usually occur on wide, flat, and low wave energy beaches (Short,
1991) where the formations are enforced by cross-shore standing long waves
(Wijnberg and Kroon, 2002). By eliminating these three multiple bar profiles that cut
the initial linear profile in more than one point, the average normalized turning point

is equal to 0.59 with standard deviation of 0.104 and standard error (SE) equal to 0.029.
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Based on the obtained SE and the average turning point, the lower and upper endpoints
of the 95% confidence interval of the turning point is calculated through Eqg. (5.1) and

Eq. (5.2).

Lower endpoint = 0.59 —1.96 X SE = 0.53 (5.1)

0.59 + 1.96 X SE = 0.65 (5.2)

Upper endpoint

For the mentioned 13 beach profiles, the analytical value for the turning point
(y'=0.58) is covered by the 95% confidence interval ([0.53, 0.65]). This means that
the desired value for the turning point will occur in the confidence interval stated at
the 95% confidence level of another group of equilibrium beach profiles and provides

evidence for reliability of the proposed model.
5.3 Practical use of the model for two Cyprus beaches

Moreover, the proposed model is applied to beach profiles gathered form two different
locations in Cyprus. One located at the north coast with coordinates of 35°26’N
33°58’E (site A), and the other one located at the east coast of the island with the
coordinates of 35°15’N 33°54’E (site B). The timewise average changes of beach pro-
files were not available. Therefore, only the beach profiles which were measured for
different construction purposes are employed. The aim is to validate if the measured
profiles have reached the equilibrium condition. The Google Earth pictures of the re-

gions are given Fig. 5.18.
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In region A and B the profiles have been measured up to the distances of 580 meter

and 64 meters from the shoreline, respectively. The profiles are illustrated in been Fig.

5.19 and 5.20.
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Figure 5.20: Site B, Iskele: measured profile

The presented model is applied to the measured beach profiles to check if the profiles
are equilibrium condition. As it can be observed in Fig 5.21 and Fig. 5.22 the turning
point in beach profile region A is equal to 0.5 and in beach profile region B is equal to
0.4. The amount of Normalized volume of erosion and accretion per unit width is given

in Table 5.3.
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Figure 5.21: Site A, Kaplica: normalized beach profile and its linear initial profile.
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Figure 5.22: Site B, iskele: normalized beach profile and its linear initial profile.

Table 5.3: Three different beach profiles measured and tested at coasts of Cyprus.

Site Region  Turning point  Normalized volume of ~ Normalized volume of
erosion per unit width  accretion per unit width

A Kaplica 0.5 0.071 0.088
B Iskele 0.4 0.024 0.138

As it can be seen in Table 5.3 when the value of turning point is close to the analyti-

cal value of 0.58, the amount of erosion and accretion balance each other. Between
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the two profiles from site A and B, clearly the profile in site B is out of equilibrium

and the profile in site A can roughly be considered to be in equilibrium.
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Chapter 6

CONCLUSION

6.1 Conclusions

Estimating the profile scale factor, A, that is a function of wave energy dissipation is a
complex task. Therefore, researchers have tried to estimate the value of A, through
easily accessible parameters such as particle settling velocity. Hence, in this study, first
the particle settling velocity was investigated comprehensively. It was realized that a
new and novel approach can be proposed that will lead to better estimations of particle
settling velocity. In this process, an optimizing method was required. To this aim,
through genetic algorithm, a new model has been proposed that can optimize engineer-
ing problems with higher degree of accuracy. The new optimization model was applied
to the novel settling velocity approach and a new equation for the estimation of the
particle settling velocity was developed and proposed. The new settling velocity equa-
tion was employed and compared with other settling velocities presented in the litera-
ture and it was observed that it can be used to improve the estimations of profile scale
factor. However, the amount of improvement was not satisfactory. As it is stated in
literature, the magnitude of A can be estimated with the highest accuracy through a
best fit process. However, the main disadvantage of the best fit process is that the as-
sumption which the beach profile is in equilibrium condition is not verified. To over-
come the mentioned disadvantage, a boundary based A was proposed. Through the
proposed A, in a normalized coordinate system a global unique solution for EBPs was

obtained. Then the unique solution was used to define a turning point that separates
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the erosion from accretion area. The balance between the amount of erosion and ac-
cretion was employed to check if a certain profile is in equilibrium condition or not.
In order to assess the applicability of the model, it was applied to different wave cli-
mates and mean morphologies. The results provided evidence for the validity and ac-
curacy of the proposed profile scale factor. In addition, using a 95% confidence inter-
val, it was shown that the proposed turning point is reliable as well.

6.2 Recommendations for future studies

This study was conducted to improve the definition of equilibrium beach profiles.
Hence, it is recommended to recheck previous studies that involve EBPs to validate if
all the employed profiles were in equilibrium condition and if not, to check and see if
removing the non-equilibrium profiles will affect the obtained results. Moreover, the
model was applied on a distance from shoreline to offshore. It is recommended to test
the model for the portion before the shoreline. Furthermore, in regards to profile shape
factor, available equations for estimating the depth of closure can be employed and

combined with the proposed boundary based profile shape factor.
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Appendix A: Settling velocity results conducted in hydraulic laboratory of East-

ern Mediterranean University

Nominal ~ Shape Specific Kinematic  Settling  Particle Reynolds

diameter, factor, gravity, viscosity, velocity, number,
dn (M) St S v(m%s?h)  w(ms?) w X dy
Rep = T

5.20x10*  1.00 4.45 8.27x107  0.13274 83
5.80x10*  1.00 4.00 8.27x107  0.13756 96
6.35x10*  1.00 4.00 8.27x107  0.14545 112
6.30x10*  1.00 4.60 8.27x107  0.16194 123
7.20x10*  1.00 4.45 8.27x107  0.18924 165
7.50x10*  1.00 4.60 8.27x107  0.19313 175
1.76x10°  0.77 4.43 1.16x10°  0.25901 392
2.28x10°  0.59 2.30 8.47x107  0.15153 408
3.21x10°  0.44 2.10 8.46x107  0.14054 534
2.33x10°  0.28 4.43 8.47x107  0.20625 567
3.67x10°  0.32 2.30 8.47x107  0.16685 723
4.90x1073 0.73 1.56 1.18x10® 0.17892 745
4.47x10°  0.86 1.70 1.18x10°%  0.22500 854
4.40x10°  0.46 2.90 1.16x10°  0.23083 873
3.97x10°  0.61 2.10 8.46x107  0.19120 898
3.15x10°  0.59 2.90 8.46x107  0.24478 912
3.65x10°  0.37 3.30 8.47x107  0.21418 923
5.78x10° 057 1.70  1.18x10°  0.19539 960
5.05x10°  0.50 2.34 1.18x10°%  0.22730 975
5.40x10°  0.56 2.10 1.18x10°%  0.23203 1065
4.00x10°  0.54 2.50 8.47x107  0.23952 1131
5.05x10°  0.89 1.70 1.16x10°  0.26361 1145
4.91x10°  0.87 1.70 1.18x10°  0.28019 1169
5.45x10°  0.68 2.10 1.18x10°  0.25457 1179
5.48x10°  0.45 2.10 8.46x107  0.19626 1272
5.85x10°  0.70 2.10 1.18x10°%  0.26206 1302
5.05x10°  0.76 2.25 1.18x10°  0.31373 1346
5.73x10°  0.72 2.25 1.18x10°%  0.29309 1427
4.23x10°  0.45 3.30 8.47x107  0.28929 1445
4.49x10°  0.39 3.30 8.47x107  0.27331 1449
6.44x1073 0.75 1.70 1.16x10® 0.26518 1467
5.48x10°  0.59 2.00 8.47x107  0.23083 1493
4.97x1073 0.81 1.70 8.47x1077 0.25457 1494
5.51x10°  0.56 2.00 8.46x107  0.23083 1504
5.58x1073 0.77 1.75 8.47x1077 0.23447 1545
6.00x10°  0.93 1.70 1.18x10°%  0.30938 1577
5.13x10°  0.53 2.50 8.47x107  0.26053 1578
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Continued.

Nominal ~ Shape Specific Kinematic  Settling  Particle Reynolds

diameter, factor, gravity, viscosity, velocity, number,
dn (M) St S v(m*s?1) o (ms?h) w X dy
Re, = »
5.38x10°  0.55 2.25 8.47x107  0.25169 1599
5.06x10°  0.64 2.50 8.46x107  0.27844 1666
6.46x10°  0.70 2.40 1.16x10°  0.31596 1755
6.95x10°  0.74 2.10 1.16x10°  0.29899 1786
5.64x10°  0.88 1.75 8.47x107  0.26837 1787
5.35x10°  0.64 2.60 8.46x107  0.28742 1819
6.23x10°  0.89 1.70  8.47x107  0.26837 1974
6.02x10°  0.87 1.70 8.46x107  0.28929 2060
5.58x10°  0.80 2.50 8.47x107  0.33750 2224
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Appendix B: Beach profiles
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