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Abstract

Beach erosion is a natural process that occurs when conveying sediment away
from the shoreline is not balanced by depositing new material on the shoreline. This is
a problem that is causing beach areas to decline. To avoid beach erosion and flooding,
a sea wall and groin have been built. Shoreline evolution prediction is used to inves-
tigate the beach topography in the future. There are three phenomena give a large
effect to the coastal structure such as the erosion, the accretion and the water level
changes. To investigate of beach erosion and beach deposition is needed qualitative
understanding of idealized shoreline response to the governing process. The first part
of this research we introduce a governing equation of a one-dimensional shoreline
evolution model when a couple of groins is added. The manipulation of physical pa-
rameters for the model is introduced. The setting method of the initial condition and
the boundary conditions techniques when a couple of groin structure effect are also
proposed. The proposed simulation can be used to predict the efficiency of a groin
system construction in a local beach. The second part of this research, we present a
one-dimensional mathematical model of shoreline evolution, and the parameters that
influence this model are described monthly over a period of one year. Consideration
is given to the wave crest impact model for evaluating the impact of the wave crest at
that stage. It focuses on the evolution of the shoreline in environments where groins
are installed on both sides. The initial and boundary conditions setting techniques
are proposed by the groins and their environmental parameters. The non-uniform

influence of the crest of the breaking wave is so often considered.

Keywords : shoreline evolution, groin system, explicit finite method, wave crest im-

pact, mathematical model.
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Chapter 1

Introduction

1.1 Research Motivation

The beach area is an area with potential for development and use in various
fields. whether it is an industrial, tourist, or residential area. It is also important in
the ecosystem and in the natural habitats of various types of animals and plants. In
Thailand, beaches are important to the economy in terms of tourism. And the marine
area is known for being abundant and beautiful, thus generating income and creating
careers in nearby communities. Therefore, if the beach area is lost, it will affect income

and occupation in the community, and it will also affect the economy.

(a) Pattaya beach (b) phuket beach

Figure 1.1: Famous beach in Thailand [3]

Beach deposition and erosion are two major phenomena that have an impact
on beach areas. Beach deposition and beach erosion are natural processes that occur
whenever the transport of material away from the beach is not balanced by new
material being deposited on the beach. Beach deposition, which is the transport of
material away from the beach, is less than new material being deposited onto the
beach. Beach erosion is the transport of material away from the beach, more than

new material being deposited on the beach.



P

"l sep. 2011

(b) Sep 2011

Aug. 2016

(c) Aug 2016 (d) 2022

Figure 1.2: Washaway Beach shoreline [1].

Many countries have lost beach areas due to beach erosion. Beach erosion
affects more than just beaches. Sometimes it affects the buildings along the shore.
And many people have lost their living space as a result of beach erosion. This makes

beach erosion a major problem in many countries.

Figure 1.3: Oahu’s North Shore in March 2022 [2].

Thailand has more than 3,000 kilometers of shoreline covering 23 provinces
and over 800 kilometers of that shoreline are currently suffering from coastal erosion.
The entire coastal area of Thailand has been eroded by 180.8672 square kilometers

in the past 30 years. The rate of coastal erosion on the Gulf of Thailand and the



Andaman average is more than 5.0 meters per year.

(a) 2015 (b) 2017

Figure 1.4: Haad Kaew Resort, Songkhla, Thailand From Google earth

To protect the beach area from beach erosion. As a result, various methods

have been invented, as have many different structures.

Figure 1.5: Breakwater [5],[6].

A breakwater is a permanent structure constructed in a coastal area to create a
safe harbor, marina, or anchorage for fishing vessels, and protect against tides, currents,

waves, and storm surges.

Figure 1.6: Seawall [5],[6].

A seawall is a large barrier built along the shoreline. The purpose of a seawall
is to protect areas of human habitation, conservation, and leisure activities from the

action of tides, waves.



Figure 1.7: Detached Breakwater [5],[6].

A detached Breakwaters are primarily installed near the surf zone to mitigate

swift water currents that scour coastlines.

(a) 1991. (b) 2004.

Figure 1.9: Cape May Point [7].

A groin is a medium-sized artificial structure built on a shoreline or a riverbank

to interrupt water flow and limit sediment movement.



1.2 Literature Review

In [8], they presented realistic cost-benefit scenarios for important stakehold-
ers and policy-makers in order to prioritize and allocate costs and benefits from a
"beach governance” perspective, based on the Integrated Coastal Management (ICM)
framework. The empirical investigation presented here uses the highly touristic coastal
city of Rethymnon on the island of Crete as the study area. In [9], They demonstrated
a novel approach that combines citizen science with low-cost unmanned aerial vehi-
cles to produce survey-grade morphological data that can be used to model sediment
dynamics from event to annual scales. The high-energy wave-dominated coast of Vic-
toria in south-eastern Australia is used as a field laboratory to test the reliability of our
protocol and develop a set of indices to study multi-scale erosional dynamics.

To prevent beach erosion and beach deposition so it has devised a sea wall
and groin. In [11]; they presented a description of the observed behavior and evolu-
tion of beaches with seawalls subjected to raised water levels, investigated the po-
tential influence of wave climate (erosive versus accretionary), and proposed a new
methodology for predicting profile evolution due to sea level rise (SLR) at seawalls.
The experiments were carried out in'a 44 m (L) x 1.2 m (W) x 1.6 m (D) wave flume to
study the effect of coastal armoring in the form of seawalls on coastal response to SLR.
In [12], they presented sediment transport and erosion-deposition patterns near a de-
tached, low-crested breakwater protecting Carey Island’s cohesive shore in Malaysia.
Their study found that the conductivity of the breakwater structure is essential to re-
ducing erosion issues on Carey Island’s cohesive coasts and to the effectiveness of
mangrove rehabilitation initiatives in the area. In [13], they predicted the most likely
total water level scenarios that result in overtopping at Santos Bay beaches and ex-
amined overtopping events in 2016. The prediction shows that the wider and flatter
profiles in the western portion of Santos and Itararé provide greater protection from
storm events, while the steeper eastern stretch of Santos Beach is more vulnerable
to overtopping events. Their research focuses on beaches in Santos and So Vicente
(So Paulo, Brazil). A seawall surrounds the entire 7 kilometer stretch of shoreline.

Many authors have achieved an analytical solution to the evolution of the
shoreline using a basic mathematical method. Many authors have developed one-
line theory, and several contributors include [14], [15], [16], [17], [18], [19], and [20] in
the analytical solution of the evolution of the shoreline. Analytical solutions cannot
be assumed to present quantitatively precise solutions to the problems containing
complex boundary conditions and wave inputs.

A numerical model of shoreline evolution would be more fitting in the actual
case. A general expression for the long-shore sand transport rate was developed

by [21]. The empirical predictive formula for the amplitude of the long-shore sand



transport rate presented by [22]. In [23], they have examined and presented two
numerical schemes of shoreline evolution for simplified configuration beach.

In this research, the governing equation of a one-dimensional shoreline evolu-
tion model is introduced. We will also propose techniques for initial conditions and
boundary conditions when a couple of groins and a couple of T-heads are added.
We will propose a wave crest impact model for a couple of groins. Finite difference

techniques will be used to approximate the model solution.

1.3  Objectives of the study

1) We will introduce a governing equation for a one-dimensional shoreline evolution

when a couple of groins are added to the model.

2) We will introduce a governing equation for a one-dimensional shoreline evolution

when a couple of T-head groins are added to the model.

3) We will introduce the manipulation of physical parameters for the shoreline evo-
lution model.

4) We will propose the setting method for the initial and the boundary conditions

techniques when a couple of groins are added.

5) We will propose the setting method for the initial and the boundary conditions

techniques when a couple of T-head groins are added.

6) We will propose the wave crest impact model for evaluating the impact of the

wave crest when a couple of groins are added.

7) We will propose the wave crest impact model for evaluating the impact of the

wave crest when a couple of T-head groins are added.

8) We will propose the setting method for the initial and the boundary conditions

techniques of the wave crest impact modal when a couple of groins are added.

9) We will propose the setting method for the initial and the boundary conditions
techniques of the wave crest impact modal when a couple of T-head groins are
added.

10) We will propose numerical methods that are employed to approximate the in-

cremental model in each year.

1.4  Scopes of the study

1) Study the shoreline evolution model when a couple of groins are added.

2) Study the shoreline evolution model when a couple of T-head groins are added.



3) Study the influence of wave crest impact models when a couple of groins are

added to shoreline evolution.

4) Study the influence of wave crest impact models when a couple of T-head groins

are added to shoreline evolution.
5) Study the parameters for use in the Gulf of Thailand.
6) Study the comparison of both numerical techniques.

7) The wave crest impact will be considered.

1.5 Methodology

1) Study the wave group velocity and the wave height measurement by GISTDA.

2) Generated the parameters of a mathematical model for use in the Gulf of Thai-
land.

3) Generated a mathematical model of shoreline evolution with groin structure.

4) Generated a mathematical model of shoreline evolution with T-head groin struc-

ture.

5) Generated a mathematical model of non-uniform wave crest impact with groin

structure.

6) Generated a mathematical model of non-uniform wave crest impact with T-head

groin structure.

7) Define the initial condition and boundary condition consistent with the problem
of a mathematical model of non-uniform wave crest impact with groin structure.

8) Define the initial condition and boundary condition consistent with the problem
of a mathematical model of non-uniform wave crest impact with T-head groin

structure.

9) Define the initial condition and boundary condition consistent with the problem

of a mathematical model of shoreline evolution with groin structure.

10) Define the initial condition and boundary condition consistent with the problem

of a mathematical model of shoreline evolution with T-head groin structure.

11) Using numerical methods to approximate the solution problem of shoreline evo-

lution with groin structure.



1.6 Benefits of the study
1) We can forecast the efficiency of groin contraction in a local beach.
2) We can forecast the effect of two groins types on a local beach.

3) We can measure the shoreline evolution for monthly of each year consistency

non-uniform of the wave crest impact.

4) We can forecast the long-term shoreline evolution.



Chapter 2

Governing Equations

2.1 Shoreline evolution model

In the one-line model, the beach profile is assumed to move landward and
seaward while retaining the same shape, implying that all bottom contours are parallel.
Consequently, under this assumption it is sufficient to specify the horizontal location
of the profile with respect to baseline, and one contour line can be used to describe
changes in the beach plan shape and volume as the beach erodes and accretes.
The major assumption of the model is the sand is transported alongshore between
two well-defined limiting elevations on the profile. One contribution to the volume
change results if there is a difference in the alongshore sand transport rate at the
lateral sides of the section and the associated the sand continuity. The principles
of mass conservation must apply to the system at all times. By considering above
definitions, the following differential equation for shoreline evolution is obtained,

1
L e (-%%) | (2.1)
where z is the alongshore coordinate (m); v is the shoreline positions (m) and perpen-
dicular to x-axis; t is time (day); Q is the long-shore sand transport rate (m?/day); Dp is
the average berm height (m) and D¢ is the closure depth(m) as show in Fig 2.2.

In order to solve the Eq (2.1), necessary to specify an expression for the long-
shore sand transport rate, @ . This quantity is considered to be generated by the
wave obliguely incident to the shoreline. A general expression for the long-shore

sand transport rate was developed by the US Army Corp [26] :
Q = Qo sin(2y), (2.2)

where Q, is the amplitude of the long-shore sand transport rate. «, is the angle be-

tween breaking wave crest impact angle and local shoreline. The empirical predictive

formula for the amplitude of the long-shore sand transport rate is [22] :
K

(ps = p)(L—n)’

where the subscript b denotes value at the point of breaking, ¢,is the wave group

Qo = L (Hiey) (2.3)

velocity, H is the wave height, p, is the density of the sediment (kg/m?), p is the
density of the sea water, n is the porosity and K is the dimensionless coefficient
which is a function of particle size. The quantity «; is the angle between breaking

wave crest and local shoreline, and may be written as :

ap = ap —tan™? (gg) , (2.4)
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where ag is the angle between breaking wave crests and the x-axis. For beaches with

mild slope, it can be assumed that breaking wave angle to the shoreline is small.

In this case,
Sin(20) ~ 2as, (2.5)
and
—1(0y\ _ @
tan (m) v (2.6)
Substituting Eq (2.4) into the Eq (2.2), and assuming the beach with mild slope yields :
Q= o (200237 ). @7
xr
Substituting Eq (2.7) into the Eq (2.1) and neglecting the sources or sinks along the
coast gives :
oy 0%
o2 =Da, (2.8)
for all(z,t) € (L, T), where
2Qo
D=—""—. 2.
Dp + D¢ (2.9)

Eq (2.8) is analogous to the one-dimensional heat diffusion equation, it can be solved

analytically for various initial and boundary conditions.

2.2  Physical parameters

Physical parameter of the model can be illustrated as show in Figures 2.1-2.2
that are listed below.
ap is the impact angle between breaking wave crests angle with the x-axis.
Qo is the amplitude of the long-shore sand transport rate.
Dy is the average berm height.
D¢ is the average closure depth.
L is alongshore.

T is time of simulation.

Beach

Figure 2.1: Breaking wave crests impact angle
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Shoreline
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Mean water .-, ", D¢
Level

Figure 2.2: Shoreline physical parameters

2.3  Physical parameters setting techniques

Assuming that the density of the sediment (p,) [27], the density of sea water (p)
[28], the porosity (n) [29], the dimensionless coefficient which is a function of particle
size (K) [30], the averaged berm height (Dg) and the closure depth (D) are listed

belows.
Table 2.1: Parameters of sand transport rate [27], [28], [29], [30].
The density of the sediment (p, (kg/m?)) 1700
The density of sea water (p (kg/m?)) 1020
The porosity (n) 0.406
The dimensionless coefficient which is a function of particle size (k) | 0.375
The averaged berm height (Dg (m)) 2
The closure depth (D¢ (m)) 28

The wave group velocity (c,) and the wave height (H) in each month along
a year is measured by field data at eulf of Thailand such that data are collected by
Geo-Informatics and Space Technology Development Agency (Public Organization)
(GISTDA) [31] as listed belows.
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Table 2.2: The wave group velocity and the wave height [31].

Month | ¢, (m/day) | H (m)
Jan 8951.04 1.5
Feb 6998.4 1.5
Mar 5866.56 0.5
Apr 6920.64 1.5
May 5719.68 0.5
Jun 5546.88 0.5
Jul 8225.28 1.5
Aug 9357.12 15
Sep 13711.68 15
Oct 15085.44 2.5
Nov 10877.76 1.5
Dec 11396.16 1.5

The amplitude of the long—shore transport rates (Qq) are obtained by Eq (2.3)
and the long-shore transport rates (D) are obtained by Eq (2.9) as listed belows.

Table 2.3: The amplitude of the long—shore transport rates and the long—shore transport rates.

Month | Qo (m/day) | D (m/day)
Jan 1191.99 79.4659
Feb 931.96 62.1307

Mar 86.80 5.7869
Apr 921.61 61.4403
May 84.63 5.6420
Jun 82.07 5.4716

Jul 1095.34 73.0227
Aug 1246.07 83.071

Sep 1825.95 121.7301
Oct 5580.26 372.017
Nov 1448.57 96.5710
Dec 1517.60 101.1233

We setting parameters for use in the Gulf of Thailand.

2.4 Wave crest impact model

The hydrodynamic model is introduced to obtain the wave crest impact in the

shoreline evolution model [32].



13

Average
water level

Figure 2.3: Water elevation and bottom topography.

The two-dimensional unstable water flows into and out of the seashore may
be calculated using a system of shallow water equations, taking into consideration the
mass conservation and the momentum conservation. The equations of this method
should be derived from the vertical direction of the depth-averaging of the Navier-
Stokes equations, neglecting the diffusion of momentum due to vibration and dis-
carding the terms representing the effects of friction, surface wind, Coriolis factor, and

shear stress. The equation of continuity is then expressed as follows:

oh i d(zh) \ d(vh)
ot ox oy

and the momentum equations are expressed as below:

=0, (2.10)

A(uh)  O(uh+ 1gh?®)  d(uvh) d(uh) =~ O(uvh)  O(v%h+ Lgh?)
— == 2.1 1
% A R A NR N 22 o e 0, (11

where h(z,y,t) is the depth estimated from the average water surface to the seashore
bed (m)h = H +¢,

&(x,y,t) is the elevation of the water surface from the average water level in the
seashore (m),

H(z,y) is the interpolated bottom topography function of the seashore (m),

u(x,y,t) is the velocity in the direction of x(m/s),

v(z,y,t) is the velocity in the direction of y(m/s),

g is a constant of gravity (9.8m/s?).

Such time (t), and two space coordinates, = and y are the independent vari-
ables. Likewise, the conserved quantities are mass, which is proportional to A, and
momentum, which is proportional to (uh) and (vh). As taken with respect to the same
term, the partial derivatives are grouped into vectors (9z, dy, dt) and then rewritten as

a partial differential hyperbolic equation as follows:
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h uh vh
U= |uh|.FU)=|u?h+igh?|.GU)= uvh , (2.12)
vh uvh v2h + %gh2

the hyperbolic PDE:
U  9F(U) N IG(U)

ot oz oy (213
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2.5 Numerical techniques

As in other mathematical problems, PDEs can be solved either analytically or
numerically. Due to the complex nature of PDEs, various analytical techniques such as
the method of separation of variables and the integral transforms can only be applied
to some simple cases. Table 2.4 shows the nature of the analytical and numerical
solutions.

Table 2.4: A comparison between analytical and numerical solution [34].

Analytical solution Numerical solution

o . . ) Solution can only be obtained at
Solution is continuous, i.e. solution at , . , _
. . discrete grid points. Interpolations are
any values of the independent variables . .
necessary to obtain the solution
can be found. : .
between the grid points.

Approximate numerical errors have to be
Exact or very accurate.

controlled properly for accuracy.

Provide physical insights into the
problems. For instance, frequencies Physical information is more difficult
and mode shapes of vibrations can be to be obtained.

obtained easily.

Can be obtained for complicated

Do not exist for most of today’s problems due to the advance in
practical problems due to their computer technology and the
complexities. availability of more sophisticated

numerical algorithms

The last difference, together with today’s more economical computer tech-
nology, has made numerical methods important and indispensable. There are two
main groups of numerical methods for solving PDEs - namely the finite-difference
method and the finite-element method. The former is for general purpose while the
latter is primarily for structural analysis problems although it was recently extended to
other non-structural applications such as fluid flow problems and electromagnetism
problems.

In our context, the finite-difference methods are mainly considered with the
inclusion of the classical method of characteristics for hyperbolic equations which is

neither a finite-difference method nor a finite-element method.
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2.5.1 Even Grid System

Consider an even grid-spacing system in which Az =constant= h and Ay =constant=

k as shown in Figure 2.4

y

Figure 2.4: An even grid-spacing system.

The Taylor series for a function u(z,y) expanded about z; at (x; +h) and (z; — h)
are respectively,

7] ou(x,y) A2 Pu(z,y)  h3 Bu(z,y)
WS o U R AN N N o T T (2.14)
[ & ooy 0u(@y) B2 Pula,y) kP Pule,y)
u(r = hyy) =u(z,y) — h B SYor ETR + (2.15)

where h, called the erid size, erid spacing or step size, is sufficiently small for the series
to be convergent.

Introducing the double-subscript notation in which the first subscript denotes
the z-position and the second subscript denotes the y-position, the above expressions

can be written as

(o anJ h2 c')zui,j h3 83’&2"]'
Ui+1,j = ui,j —+ h 635 =+ ? 8;132 ? 8,’1)3 =+ ... (216)
- 5ui_j h2 82um- }Lg 83’&1"]'
Uir1,y = Uiy = R ox 91 922 31 O3 (2.17)
From Eq 2.16,
8U,L'7j -y Uit1,5 — WUg,j - ﬁ82um h7283um-
or h 2! 922 31 9a3 (2.18)
81@'7]‘ o Uit-1,5 — WUq,j5
ol = - +O(h) (2.19)
Likewise, from Eq 2.17,
8ui,j _ Uj,5 — Uj—1,5 h 82ui,j h2 83um
oxr h 20 922 3! 923 (2.20)
8ui,j _ um — ui—l,j
5 = 7 + O(h) (2.21)

Hence, if the terms containing the second-order and higher-order derivatives
are truncated in these expressions, we get the forward difference and backward dif-
ference approximations respectively for the first-order derivative. As h must be suffi-

ciently small so that the series converge, the second and other truncated terms are
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much smaller than the first truncated term and all truncated terms are thus written
in terms of the order of magnitude of the first truncated term. Therefore the approxi-
mation errors, hence known as the truncation errors, in Eq 2.19 and Eq 2.21 are of the
order of h and are written as O(h). This implies that the truncation errors are approx-
imately proportional to h because all derivatives are fixed for a given problem. The
truncation errors are thus approximately halved if & is halved. These finite-difference
expressions are said to be first-order accurate. Physically, the truncation error repre-
sents the difference between the exact value of the derivative and its finite-difference
value.

If we take Eq 2.16 - Eq 2.17 and rearrange, we get the central difference

2 93
uij g1y — i1y h” 0

Ox 2h "3l 9ad (2.22)
Ouij _ Wig1j = Uiz1y >
s 5 + O(h?) (2.23)

and the truncation erroris O(h?) and is approximately proportional to h?. The central
difference is second-order accurate. In this case, halving the ¢rid size h would approx-
imately reduce the truncation error to a quarter of the previous error. The central
difference is thus more accurate than the forward or backward differences which may
be seen geometrically in Figure 2.5 in which the central difference is closest to the

actual tangent representing the first-order derivative.
u(,\) L. backward difference

= .- central difference

_ - -~ forward difference

[O) RN Ay

‘ic1 X; X,

Figure 2.5: Direct approximations of derivatives.

If we take Eq 2.16 + Eq 2.17 and rearrange, we get the central difference for

the second-order derivative

Puij _ Uiprj — 2w+ iy, | 2h% 0w
iJ _ il 2 bt R b _ 2.24
22 h2 + 4! Ox? ( )
Ouij Wity — 2Uij + Ui 2

o2 h? +O(h7) (2.25)

and the truncation error is O(h?).



Similarly,for the y-derivatives, we have

Quij _ Uijp1 = Wij

B ? + O(k)
3;;‘ _ Uiy *k““‘l +O(k)
5‘;; _ Ui,j+12*k“i,j—1 —|—O(k2)

2.5.2 Traditional forward time centered space techniques
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(2.26)
(2.27)
(2.28)

(2.29)

The forward time centered space schemes is employed. Consequently, the

finite difference approximation becomes [34]

y =y

By Ly Aur

9~ A}

Oy o Yt — Yila

ox 20z 012

%y . Ui ~ 2yt A+ YR,
ox? (Az)? ’

2.5.3  An unconditionally Saulyev finite difference techniques

(2.30)
(2.31)
(2.32)

(2.33)

The Saulyev scheme is employed. Consequently, the finite difference approx-

imation becomes [35]

Y=Y

W Lyt =yp

Db 2 At

Py L yba =yt
QRS (Ax)2 '

2.5.4 Numerical techniques for the wave crest impact model

The finite difference technique:

At 1 1 At
71+1 L — nts otz ) _ 2v n+3 At
Vi m =V Az (F”%’j Fi*%J) Ay (Gl Jt+3 G, J**) '

2.5.,5 The wave crest impact

The wave crest impact becomes
_ s t)
o (25, 1) = tan—! (Wya) ’
( y] ) U (:E’L_7 ij t)
the averaged wave crest impact is assumed by

SN a (4,0, 1)

(7)) (t) = Np 5

where Npis several wave crest impact sample points along the shoreline.

(2.34)

(2.35)

(2.36)

(2.37)

(2.38)

(2.39)



Chapter 3

A Shoreline Evolution Model With the Wavelength

Effect of Breaking Waves on Groin Structures

In this chapter, we present a one-dimensional mathematical model of shore-
line evolution, and the parameters that influence this model are described on a
monthly basis over a period of one year. Consideration is given to the wave crest
impact model for evaluating the impact of the wave crest at that stage. It focuses
on the evolution of the shoreline in environments where groins are installed on both
sides. The initial and boundary condition setting techniques are proposed by the
groins and their environmental parameters. The non-uniform influence of the crest of
the breaking wave is so often considered. We then used the traditional forward time
centered space technique and the Saulyev finite difference technique to estimate the
monthly evolution of the shoreline for each year. The investigated area of shoreline
evolution with a pair of groin structures is enlarged in this chapter to include the groin
system and surrounding area. A more realistic shoreline evolution model has been pre-
sented, which takes into account the wavelength influence of breaking waves on groin
constructions. The initial condition setting approach and boundary conditions tech-
niques, as well as various groin structural impacts, are discussed. A wave crest impact
model and five wavelength effects of breaking waves are introduced. Each year, the
coastline evolution is approximated using the classical forward-time centered-space
method and the unconditionally stable Saulyev finite differential methods. The es-
timated impacts of shoreline evolution were consistent with the wave crest impact
model for five case wavelengths. For assessing long coastline evolution, the numerical
models presented enable a reasonable simulation. The efficiency of building a groin

system on a nearby beach might be predicted using the proposed modeling.

3.1 Traditional forward time centered space techniques applied to

shoreline evolution model

Substituting Egs (2.30)-(2.33) into Eq (2.8), we obtain,

n+1 n n n n
Yi Y Yt — 2y +yt
=D 1

At < (Az)? >’ (3.1

fort<i<M-1and0<n<N-1. Eq(3.1) can be written in an explicit form of finite

difference as follows,
it = Ay + (1= 24)y7 + Ayl (3.2)

fori<i<M-—-land0<n<N —1.
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(z’,n—|—1)

02y R—R
(i—l,n) (z’,n) (z’—l—l,n)

Figure 3.1: Stencil diagram of forward central space finite difference technique

3.2 An unconditionally Saulyev finite difference techniques applied

to shoreline evolution model

Substituting Egs (2.34)-(2.36) into Eq (2.8), we obtain

v ARy (Wi T By AN Ry (3.3)
At (Az)? 4 '

fort<i<M-1and0<n<N -1 Eq(3.3) can be written in an explicit form of finite

difference as follows,

1
Y (o Avsr T Uk AyiH), (3.4)

fori<i<M-—-land0<n<N—1.

(i—l,rH—l) (i,n+1)

X

X
(z’,n) (i+1,n]

Figure 3.2: Stencil diagram of Saulyev finite difference technique
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3.3 The employment of traditional forward time centered space
techniques to the left and the right boundary conditions for

Straight Impermeable twin-groin system

By substituting Eqgs (2.30)-(2.33) into Eq (2.8), we obtain,

n+1 n n n n
Yp Y Y — 297 Y

=D 3.5

At ( (Ax)? ) ’ (3.5)

For i = 0, substitution of the approximate unknown value of the left boundary by a tra-
ditional central difference approximation with the known derivative the left boundary

condition gives
Yy =yt — 2(Ax)(=tan(ay)), (3.6)
Substituting Eq (3.6) into Eq (3.5), we obtain
yitl = (1 = 24)y! + 24y7, | — 2A(Az)(— tan(a)), (3.7)

For i = M, substitution of the approximate unknown value of the right boundary
by a traditional central difference approximation with the known derivative the right

boundary condition gives
Ynrer = Yn-1 + 2(Az)(—tan(—ao)), (3.8)
Substituting Eq (3.8) into Eq (3.5), we obtain
Yt = 24y + (L =24)y} + 2A(Az)(~ tan(—a)); (3.9)

The Eq (3.7) and Eq (3.9) can be used to calculate the values y* on grid points of the

solution domain.

3.4 |Initial and boundary conditions setting

The initials shoreline is assumed to be parallel to the x-axis.

3.4.1 Straight Impermeable twin-groin system

Straight Impermeable twin-groin system as show in Figure 3.3. Assuming that
the breaking wave angle ag to the shoreline is symmetric. It follows that the sand
transport rate along the shoreline is uniform. The groin is instantaneously added at as

show in Figure 3.4. These means that the initial condition becomes
y(x,0) = hi(z), (3.10)

boundary conditions are also assumed by

dy(0,1)
ox

= —tan(ao), (3.11)
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and
dy(L,t)
ox

when hy(z) is initial shoreline topography function.

= —tan(-ao), (3.12)

Sea coast Ocean wave

_/ Groin lu,il ]

/W\,/\/\N
LN N NN NN
Ve N B e e g

Shoreline

<

Beach

K«

Figure 3.3: Initial shoreline with configuration straight impermeable twin-groin

Sea coast

/ Groin Groin \_

e 1N

Beach

v

N

Figure 3.4: Initial shoreline

3.4.2 The initial and boundary condition for wave crest impact model with

Straight Impermeable twin-groin system

The initial condition of the reservoir was as follows: the x and y velocity com-
ponents were zero as well as the water elevation: u = 0,0 = 0 and ¢ = 0. Assuming
that the breakwater is not a perfect barrier to water as it is made of an aggregate of
rocks with large gaps.

The boundary condition was as follows:

(1) u=o0, g—; =0,¢ = f(x,y,t) for wave coming,

(2) 9u = 0,0 =0, % =0 for left and right boundary,
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(3) u=0,52 =0, 9¢ — 0 for along the beach,

Ay
(4) u=0, %Z =0, g—g = 0 for top groin structure, and

(5) 9¢ = 0,v =0, 2 = 0 for left and right groin structure. The boundary conditions are

illustrated in Figure 3.5-3.6.

=02 20,6 = f(x.y

. u=0 )

¢¢¢¢¢¢¢l¢¢¢¢¢¢¢

- u=0,v=0,
Groin Groin
&=0

1
uzo,gzo,%zo
oy oy

Figure 3.5: Initial and boundary conditions.

OO P § u=02 0% g
y ! o) oy ! y

=20 v=0 V:0, v=0
ou 614_ ou 8u_
£ N, =0, ik WAy )
ox —> €—0Ox ox —>) €—0Ox
%_0 %:0 85_0 5_520
ox ox ox ox

Figure 3.6: Initial and boundary conditions for groin structure.

3.5 Wavelength setting techniques

The simulation considers alongshore between groin are illustrated in Fig. 3.7.

Table 3.1. shows the consideration of wavelengths. We assumed waves came in a
function of wavelength 0.5sin(t + Az).



|— Consider alongshore —|

Figure 3.7: Consider alongshore.

Table 3.1: Wavelength setting.

Simulation

A

Wavelength

0.01

0.5siN(t +0.01x

0.02

0.5sin(t + 0.02z

0.03

0.04

0.5sin(t + 0.04x

R WIN|-—

0.05

( )
( )
0.5sin(t + 0.03x)
( )
( )

0.5sin(t + 0.05x

24
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We will employ the finite difference techniques to approximate the wave crest
impact model solution for wavelengths 0.5 sin(t+0.01z), 0.5 sin(t+0.02z), 0.5 sin(t+0.03z),
0.5sin(t + 0.04z) and 0.5sin(t + 0.05x). The approximated wave crest impact model
solutions for five case wavelengths are illustrated in Fig.3.8-3.12. The approximated

vector fields of velocities for five case wavelengths are illustrated in Fig. 3.13-3.17.

150
10

100
Alongshore (m)

Figure 3.8: Wave crest impact in 15 years when wavelength 0.5 sin(¢ + 0.01z).

150
10 100
Alongshore (m)

Figure 3.9: Wave crest impact in 15 years when wavelength 0.5 sin(¢ + 0.02z).



Alongshore (m)

Figure 3.10: Wave crest impact in 15 years when wavelength 0.5 sin(¢ + 0.03z).

Alongshore (m)

Figure 3.11: Wave crest impact in 15 years when wavelength 0.5 sin(¢ + 0.04z).

26
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Figure 3.12: Wave crest impact in 15 years when wavelength 0.5sin(¢ + 0.05x).
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Figure 3.13: vector field of velocities between groin when wavelength 0.5 sin(t + 0.01x).
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Figure 3.14: vector field of velocities between groin when wavelength 0.5sin(¢ + 0.02z).
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Table 3.2-3.6 shows the averaged wave crest impact (ag) as obtained by 2.39.

Table 3.2: The averaged wave crest impact 15 years when wavelength 0.5sin(t + 0.01z).

Time Minute
(Years)  0-15 15-30 30-45 45-60 60-75 75-90
1 0.0455 0.0448 0.0440 0.0433 0.0426 0.0419
5 -0.0400  -0.0419 -0.0439 -0.0459 -0.0480 -0.0501
10 -0.0705  -0.0721 -0.0737 -0.0754 -0.0770 -0.0786
15 0.0293 0.0284 0.0274 0.0264 0.0254 0.0244
Time Minute
(Years) 1365-1380 1380-1395 1395-1410 1410-1425 1425-1440
1 -0.0379 -0.0394 -0.0410 -0.0426 -0.0442
5 -0.0496 -0.1140 -0.1158 -0.1178 -0.1830
10 0.1472 0.1363 0.1881 0.1770 0.1658
15 0.1930 0.1961 0.1985 0.2003 0.2018

Table 3.3: The averaged wave crest impact 15 years when wavelength 0.5 sin(¢ + 0.02z).

Time Minute
(Years)  0-15 15-30 30-45 45-60 60-75 75-90
1 0.1817 0.2377 0.2309 0.2241 0.2802 0.2734
5 0.3973 0.4493 0.3794 0.4342 0.4231 0.4109
10 -0.2747  -0.2215 -0.2315 -0.2418 -0.1899 -0.1385
15 -0.0364  -0.0478 0.0037 -0.0077 -0.0191 0.0323
Time Minute
(Years) 1365-1380  1380-1395 = 1395-1410 1410-1425 1425-1440
1 -0.0275 -0.038 -0.0485 0.0037 0.0559
5 0.1168 0.1154 0.1139 0.1124 0.1109
10 -0.1047 -0.1069 -0.1091 -0.1114 -0.1136
15 0.2057 0.2040 0.2024 0.2009 0.1993
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Table 3.4: The averaged wave crest impact 15 years when wavelength 0.5sin(¢ + 0.03z).

Time Minute

(Years) 0-15 15-30 30-45 45-60 60-75 75-90
1 0.3715 0.3653 0.3595 0.3541 0.3489 0.3440
5 0.1662 0.1767 0.1243 0.1347 0.1449 0.1550
10 0.0148 0.0093 0.0039 -0.0015 -0.0070 -0.0123
15 0.1732 0.1821 0.1910 0.2000 0.2091 0.2182

Time Minute

(Years) 1365-1380 1380-1395 1395-1410 1410-1425 1425-1440
1 0.1182 0.0881 0.1162 0.0782 0.0951
5 -0.1423 -0.1392 -0.1361 -0.1330 -0.1300
10 0.1488 0.1398 0.1276 0.1550 0.1307
15 -0.0660 -0.0623 -0.0586 -0.0550 -0.0514

Table 3.5: The averaged wave crest impact 15 years when wavelength 0.5 sin(¢ + 0.04z).

Time Minute
(Years)  0-15 £3-38 30-45 45-60 60-75 75-90
1 -0.0060  -0.0017 0.0026 0.0068 0.0110 0.0151
5 -0.4238  -0.4291 -0.4346 -0.4403 -0.3833 -0.3894
10 0.3286 0.3249 0321 0.3177 0.3142 0.3108
15 -0.4203  -0.4178 -0.4781 -0.4754 -0.4728 -0.4701
Time Minute
(Years) 1365-1380  1380-1395  1395-1410 1410-1425 1425-1440
1 -0.2516 -0.2551 -0.2586 -0.2621 -0.2656
5 -0.0892 -0.0940 -0.0360 -0.0408 -0.0454
10 0.2663 0.2698 0.2104 0.2139 0.2175
15 -0.3283 -0.2725 -0.2801 -0.2880 -0.2960
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Table 3.6: The averaged wave crest impact 15 years when wavelength 0.5sin(¢ + 0.05z).

Time Minute
(Years) 0-15 15-30 30-45 45-60 60-75 75-90
1 -0.1214 -0.1405 -0.1557 -0.1691 -0.1188 -0.1310

5 0.1536 0.1497 0.2085 0.2046 0.2006 0.1966
10 -0.0695  -0.0659 -0.0623 -0.0586 -0.0550 -0.0514
15 0.0316 0.0913 0.0882 0.0850 0.0818 0.0786

Time Minute

(Years) 1365-1380 1380-1395 1395-1410 1410-1425 1425-1440
1 0.2402 0.2359 0.2315 0.2271 0.2856
5 0.3529 0.3504 0.3479 0.4084 0.4060
10 -0.3659 -0.3637 -0.3616 -0.3595 -0.3574
15 0.3791 0.3757 0.3723 0.3690 0.3657

3.6  Numerical Experiment

In this section, the numerical results of the various beach scenarios are con-
sidered and the solution to the idealized problem is introduced. Assuming, during the
experiments, that the length of the shoreline considered is L = 100 m and the aver-
aged wave crest impact (ag) of five case wavelengths. Table 3.7 shows the long-shore

transport rate D . The simulation setting is illustrated in Fig. 3.18.

Sea coast
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Figure 3.18: Initial shoreline.
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Table 3.7: The long—shore transport rates [37].

Month | D (m/day)
Jan 79.4659
Feb 62.1307
Mar 5.7869
Apr 61.4403
May 5.6420
Jun 5.4716
Jul 73.0227
Aug 83.071
Sep 121.7301
Oct 372.017
Nov 96.5710
Dec 101.1233

We are going to employ the traditional forward time centered space techniques
3.2, and the Saulyev finite difference techniques 3.4, to approximate the shoreline
evolution model solution. The approximated solutions in each year are illustrated in
Fig. 3.19-3.28. The approximated solutions in 5, 10 and 15 years are illustrated in Fig.
3.29-3.33. Table 3.8-3.16 shows the approximated solutions.

Time duration 0-7 years
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Figure 3.19: Shoreline evolution in 0-7 years when wavelength 0.5sin(t + 0.01z).
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Figure 3.20: Shoreline evolution in 8-15 years when wavelength 0.5sin(t + 0.01z).
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Figure 3.21: Shoreline evolution in 0-7 years when wavelength 0.5 sin(¢ + 0.02z).
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Figure 3.22: Shoreline evolution in 8-15 years when wavelength 0.5 sin(t + 0.02z).
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Figure 3.23: Shoreline evolution in 0-7 years when wavelength 0.5 sin(¢ + 0.03z).
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Figure 3.24: Shoreline evolution in 8-15 years when wavelength 0.5 sin(t + 0.03z).
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Figure 3.25: Shoreline evolution in 0-7 years when wavelength 0.5 sin(¢ + 0.04x).
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Figure 3.26: Shoreline evolution in 8-15 years when wavelength 0.5 sin(t + 0.04x).
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Figure 3.27: Shoreli

ne evolution in 0-7 years when wavelength 0.5 sin(¢ + 0.05z).
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Figure 3.28: Shoreline evolution in 8-15 years when wavelength 0.5 sin(t + 0.05z).
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Figure 3.29: Shoreline evolution in 5, 10 and 15 years when wavelength 0.5 sin(t + 0.01z).
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Figure 3.30: Shoreline evolution in 5, 10 and 15 years when wavelength 0.5 sin(t + 0.02z).
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Figure 3.31: Shoreline evolution in 5, 10 and 15 years when wavelength 0.5 sin(¢ + 0.03z).
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Figure 3.32: Shoreline evolution in 5, 10 and 15 years when wavelength 0.5 sin(t + 0.04z).
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Figure 3.33: Shoreline evolution in 5, 10 and 15 years when wavelength 0.5 sin(t + 0.05z).
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Table 3.8: Approximated shoreline evolution along 15 years using the traditional forward time

centered space techniques when wavelength 0.5sin(¢ + 0.01z).

Time Distance (m)

(Years) 0 20 40 60 80 100
1 0.8609 0.3967 0.1801 0.1801 0.3967 0.8609
5 2.2665 18264 1.6152 1.6152 1.8264 2.2665
10 3.9788 3.6680 3.4335 3.4335 36680 3.9788
15 6.0537 55284 53113 5.3113 55284 6.0537

Table 3.9: Approximated shoreline evolution along 15 years using the Saulyev finite difference

techniques when wavelength 0.5sin(t + 0.01z).

Time Distance (m)

(Years) 0 20 40 60 80 100
1 0.8613 0.3969 0.1802 0.1800 0.3965 0.8606
5 2.2662 18588 1.6152 1.6152 1.8266 2.2667
10 3.9783 3.6679 34334 34334 3.6679 3.9788
15 6.0529 55280 53113 53113 55285 6.0538

Table 3.10: Approximated shoreline evolution along 15 years using the traditional forward time

centered space techniques when wavelength 0.5sin(¢ + 0.02z).

Time Distance (m)

(Years) 0 20 40 60 80 100
1 1.2300 0.6412 0.2861 0.2861 0.6412 1.2300
5 3.9256 3.0263 26466 2.6466 3.0263 3.9256
10 6.4567 5.8539 55070 5.5070 5.8539 6.4567
15 9.7213 8.7855 8.4059 8.4059 8.7855 9.7213

Table 3.11: Approximated shoreline evolution along 15 years using the Saulyev finite difference

techniques when wavelength 0.5sin(t + 0.02x).

Time Distance (m)

(Years) 0 20 40 60 80 100
1 1.2304 0.6416 0.2863 0.2860 0.6409 1.2296
5 3.9260 3.0264 2.6295 2.6466 3.0262 3.9255
10 6.4566 5.8537 55068 5.5071 5.8540 6.4568
15 9.7219 8.7857 8.4060 8.4058 8.7853 9.7212
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Table 3.12: Approximated shoreline evolution along 15 years using the traditional forward time

centered space techniques when wavelength 0.5 sin(t + 0.03z).

Time Distance (m)

(Years) 0 20 40 60 80 100
1 2.4426 1.0204 0.4643  0.4643 1.0204  2.4426
5 6.0495  4.8087 4.2833 4.2833 4.8087  6.0495
10 9.9512 9.0056  8.4521 8.4521 9.0056  9.9512
15 14.3340 13.0512 125716 125716 13.0512 14.3340

Table 3.13: Approximated shoreline evolution along 15 years using the Saulyev finite difference

techniques when wavelength 0.5sin(t + 0.03z).

Time Distance (m)

(Years) 0 20 40 60 80 100
1 2.4427 1.0205  0.4644  0.4641 1.0201  2.4423
5 6.0495 4.8082  4.2831 4.2833 48088  6.0495
10 9.9518 9.0062 ~ 8.4522  8.4521  9.0054  9.9509
15 14.3339 13.0507 125714 125715 13.0513 14.3341

Table 3.14: Approximated shoreline evolution along 15 years using the traditional forward time

centered space techniques when wavelength 0.5 sin(¢ + 0.04z).

Time Distance (m)

(Years) 0 20 40 60 80 100
1 1.2192 0.6492 0.2962 0.2962 0.6492 1.2192
5 25437 25297 22522 22522 25297 25437
10 55018 4.3970 4.1878 4.1878 4.3970 55018
15 5.8860 6.1114 59015 5.9015 6.1114 5.8860

Table 3.15: Approximated shoreline evolution along 15 years using the Saulyev finite difference

techniques when wavelength 0.5sin(t + 0.04x).

Time Distance (m)

(Years) 0 20 40 60 80 100
1 1.2190 0.6492 0.2962 0.2961 0.6490 1.2189
5 2.5443 25302 2.2521 2.2522 25295 25434
10 55016 4.3967 4.1881 4.1879 4.3972 55022
15 58859 6.1116 59013 5.9015 6.1115 5.8859




43

Table 3.16: Approximated shoreline evolution along 15 years using the traditional forward time

centered space techniques when wavelength 0.5 sin(t + 0.05z).

Time Distance (m)

(Years) 0 20 40 60 80 100
1 1.1699 0.6231 0.2817 0.2817 0.6231 1.1699
5 22472 17718 15839 1.5839 1.7718 22472
10 25173 24222 23866 23866 2.4222 25173
15 3.4696 3.2305 3.0839 3.0839 3.2305 3.4696

Table 3.17: Approximated shoreline evolution along 15 years using the Saulyev finite difference

techniques when wavelength 0.5sin(t + 0.05z).

Time Distance (m)

(Years) 0 20 40 60 80 100
1 1.1701 0.6235 0.2819 0.2816 0.6226 1.1696
5 22477 1.7722 1.5840 1.5837 1.7713 2.2466
10 25165 24214 23861 23865 24226 25175
o5 3.4704 3.2312 3.0841 3.0837 3.2299 3.4691

We will compare the five wavelengths with time durations of 5, 10, and 15
years, as illustrated in Fig. 3.29-3.31.
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Figure 3.34: Wavelength Comparisons in 5 years.
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Chapter 4

A Combination of A Shoreline Evolution Model and A
Wave Crest Model on T-Head Groin Structures With
the Breaking Wave Effect

In this chapter, we focus on the effects of the T-head groin structure on shore-
line evolution. The average wave crest impact is analyzed for eight sizes of T-head
groin construction. An initial condition setting technique and boundary conditions
techniques, as well as the structural impacts of the T-head groin, are discussed. Each
year, the shoreline evolution is approximated using the traditional forward time cen-
tered space techniques and the unconditionally stable Saulyev finite differential tech-
niques. The calculated impacts of shoreline evolution for eight different T-head groin

sizes were consistent with the wave crest impact model.

4.1 Traditional forward time centered space techniques applied to

shoreline evolution model

Substituting Egs (2.30)-(2.33) into Eq (2.8), we obtain,

n+1 n n n n
Yi = Y Yity1 — 2y Yty

EN) 4.1

At ( (Az)? > ’ @.1)

fort<i<M-1and0<n<N -1 Eq(4.1) can be written in an explicit form of finite

difference as follows,
gt = Ayl + (1-24)y7 + Ayit (4.2)
fori<i<M-land0<n<N -1
4.2 An unconditionally Saulyev finite difference techniques applied
to shoreline evolution model

Substituting Eqgs (2.34)-(2.36) into Eq (2.8), we obtain

N VA /S Uk it Vi /00 (@.3)
N (Bx)? ! '

forit<i<M-1and0<n<N-1. Eq(4.3) can be written in an explicit form of finite

difference as follows,

n 1 n n n
it = m(Ayi+1 + (1= Ayp + Aypth, (4.4)

fori<i<M-—-land0<n<N —1.
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Figure 4.1: Stencil diagram of forward central space finite difference technique
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Figure 4.2: Stencil diagram of Saulyev finite difference technique

4.3 The employment of traditional forward time centered space
techniques to the left and the right boundary conditions for

Straight Impermeable T-head groin system

By substituting Egs (2.30)-(2.33) into Eq (2.8), we obtain,

n+1 n ) n , n
Y Y Vi1 — 2Y7 + Yiq
=D 4.
At ( (Az)2 )’ 4.5)

For i = 0, substitution of the approximate unknown value of the left boundary by a tra-

ditional central difference approximation with the known derivative the left boundary

condition gives
y"1 =yt — 2(Az)(—tan(a)), (4.6)
Substituting Eq (4.6) into Eq (4.5), we obtain
Yyt = (1 - 24)y" + 24y7",, — 2A(Az)(—tan(ap)), (a.7)

For i = M, substitution of the approximate unknown value of the right boundary

by a traditional central difference approximation with the known derivative the right
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boundary condition gives
Y = Y1+ 2(Az)(—tan(—ao)), (4.8)
Substituting Eq (4.8) into Eq (4.5), we obtain
Yt =24y | + (1 - 24)y!" + 2A(Az) (- tan(—ao)), (@.9)
The Eq (4.7) and Eq (4.9) can be used to calculate the values y?* on grid points of the

solution domain.

4.4 Initial and boundary conditions setting

The initials shoreline is assumed to be parallel to the x-axis.

4.4.1 Straight Impermeable T-head groin system

Straight Impermeable twin-groin system as show in Figure 4.3. Assuming that
the breaking wave angle ag to the shoreline is symmetric. It follows that the sand
transport rate along the shoreline is uniform. The groin is instantaneously added at as

show in Figure 4.4. These means that the initial condition becomes
y(z,0) = ha(z), (4.10)

boundary conditions are also assumed by

Q%%—Q = —tan(ap), (4.11)
and

Oy(L,

y(ai » —tan(—ay), (4.12)

when hy(z) is initial shoreline topography function.
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Figure 4.3: Initial shoreline with configuration straight impermeable T-head groins.
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Figure 4.4: Initial shoreline with configuration straight impermeable T-head groins.

4.4.2 The initial and boundary condition for wave crest impact model with

Straight Impermeable T-head groin system

The initial condition of the reservoir was as follows: the x and y velocity com-
ponents were zero as well as the water elevation: u = 0,0 = 0 and ¢ = 0. Assuming
that the breakwater is not a perfect barrier to water as it is made of an aggregate of
rocks with large gaps.

The boundary condition was as follows:

(1) u=0, % =0,& = f(x,y,t) for wave coming,

(2) 9u = 0,0 =0, 2% = 0 for left and right boundary,

(3) u=0,3%= 0,5 =0 for along the beach,

(4) u=0, %; =0, % = 0 for top T-head groin structure,

(5) u=0, % =0, % = 0 for bottom T-head groin structure, and

(6) 8¢ = 0,0 = 0,2 = 0 for left and right T-head groin structure. The boundary
conditions are illustrated in Figure 4.5-4.7.
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Figure 4.5: Initial and boundary conditions.

v=0,
v=0,-> S
’ 6u:0
Lo, ox v=0,
g o0& du
o¢ e ——=00— o o738
8_:0 ox ox
X
9
ox

Figure 4.6: Initial and boundary conditions for T-head groin structure (1).
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Figure 4.7: Initial and boundary conditions for T-head groin structure (2).

4.5

Groin Setting Techniques

We will consider eight lengths of considered T-head groin is 16, 18, 20, 22, 24,
26, 28, and 30 m. The consideration alongshore is illustrated in Fig 4.8.

Ocean wave

Groin Groin
Wi
A O~— TS (/ML Ny 2~
XN, IS A s | SO/

Consider alongshore

Figure 4.8: Initial and boundary conditions for T-head groin structure (2).

For eight lengths of the T-head groin that are being taken into consideration,

the approximate wave crest impact model solution will be approximated using finite
difference methods 2.37 are illustrated in Fig.4.9-4.16.
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Figure 4.9: Wave crest impact in 9 years when T-head groin 16 m.

Alongshore (m)

Figure 4.10: Wave crest impact in 11 years when T-head groin 18 m.
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Figure 4.11: Wave crest impact in 15 years when T-head groin 20 m.

Alongshore (m)

Figure 4.12: Wave crest impact in 13 years when T-head groin 22 m.
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Figure 4.13: Wave crest impact in 20 years when T-head groin 24 m.

Alongshore (m)

Figure 4.14: Wave crest impact in 20 years when T-head groin 26 m.
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Alongshore (m)

Figure 4.15: Wave crest impact in 20 years when T-head groin 28 m.

Alongshore (m)

Figure 4.16: Wave crest impact in 20 years when T-head groin 30 m.

Table 4.1-4.8 shows the averaged wave crest impact ao obtained by 2.39 for

eight lengths of the considered T-head groin.
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Table 4.1: The averaged wave crest impact 9 years when T-head Groin Size 16 m.

Time Minute

(Years) 0-15 15-30 30-45 45-60 60-75 75-90
1 0.2635 0.2054 0.2100 0.2145 0.2189 0.2232
5 0.2645 0.2624 0.2604 0.2584 0.2564 0.2543
9 0.0264 0.0223 0.0181 0.0138 0.0093 0.0046

Time Minute

(Years) 1365-1380 1380-1395 1395-1410 1410-1425 1425-1440
1 -0.6192 -0.5621 -0.5047 -0.5098 -0.3890
5 0.0661 0.0633 0.0604 0.0575 0.0545
9 0.3304 0.3267 0.3859 0.3823 0.3786

Table 4.2: The averaged wave crest impact 11 years when T-head Groin Size 18 m.

Time Minute
(Years)  0-15 15-30 30-45 45-60 60-75 75-90
1 -0.0830  -0.0677 -0.0526 -0.1004 -0.0856 -0.0708
5) 0.1572 0.1530 0.1488 0.1446 0.1404 0.1361
10 2071413.0.120.1425 -0.2584 -0.0550 0.0099 0.1341
11 -0.0119  -0.0652 -0.0557 -0.0462 -0.0994 -0.0896
Time Minute
(Years) 1365-1380 1380-1395  1395-1410 1410-1425 1425-1440
1 -0.4803 -0.4885 -0.4339 -0.3791 -0.3242
5 0.0504 0.0493 0.0483 0.0472 0.0461
10 0.3557 0.3561 0.3564 0.3568 0.3572
11 -0.4077 -0.4091 -0.4107 -0.4123 -0.4769




Table 4.3: The averaged wave crest impact 15 years when T-head Groin Size 20 m.
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Time Minute

(Years)  0-15 15-30 30-45 45-60 60-75 75-90
1 0.3146 0.3102 0.3052 0.2990 0.2906 0.3429
5 0.3369 0.3351 0.3333 0.3311 0.3284 0.3255
10 0.1009 0.1625 0.1610 0.1594 0.1577 0.1559
15 -0.4382  -0.3815 -0.3875 -0.3306 -0.2735 -0.2165

Time Minute

(Years) 1365-1380 1380-1395 1395-1410 1410-1425 1425-1440
1 -0.2437 -0.1238 -0.1295 -0.0096 -0.0154
5 0.1439 0.1422 0.1405 0.1388 0.1370
10 0.0145 0.0125 0.0104 0.0084 0.0062
15 0.2597 0.2581 0.2566 0.2551 0.2536

Table 4.4: The averaged wave crest impact 13 years when T-head Groin Size 22 m.

Time Minute

(Years)  0-15 £3-38 30-45 45-60 60-75 75-90
1 202305 1-0.1621 -0.1569 -0.1521 -0.1476 -0.1436
5 0.1447 0.1365 0.1287 0.1844 0.1782 0.1736
10 -0.0869 0.0900 0.1422 0.2579 0.3114 0.3654
13 0.1755 0.1749 0.1741 0.1733 0.1723 0.2340

Time Minute

(Years) 1365-1380  1380-1395  1395-1410 1410-1425 1425-1440
1 -0.3895 -0.3405 -0.3536 -0.3033 -0.2524
5 0.0922 0.0925 0.0928 0.0931 0.0934
10 0.3630 0.3630 0.3631 0.3631 0.3632
13 0.4394 0.4358 0.4324 0.4291 0.4260




Table 4.5: The averaged wave crest impact 20 years when T-head Groin Size 24 m.

Time Minute
(Years)  0-15 15-30 30-45 45-60 60-75 75-90
1 0.2364 0.2312 0.2260 0.2837 0.2785 0.2734
5 0.6124 0.6008 0.5904 0.5802 0.5703 0.5607
10 -0.3096  -0.3150 -0.2575 -0.2628 -0.2680 -0.1474
15 0.3091 0.2975 0.3488 0.4002 0.3888 0.4403
20 -0.3199  -0.3810 -0.3794 -0.3778 -0.3763 -0.4377

Time Minute

(Years) 1365-1380 1380-1395 1395-1410 1410-1425 1425-1440

1 0.0385 0.0926 0.1468 0.1381 0.1293
5 0.2496 0.2483 0.2470 0.2458 0.2445
10 -0.3180 -0.3202 -0.3224 -0.3246 -0.3268
15 0.3869 0.3849 0.3829 0.3809 0.3790
20 -0.2951 -0.2964 -0.2977 -0.2991 -0.3004

Table 4.6: The averaged wave crest impact 20 years when T-head Groin Size 26 m.

Time Minute
(Years)  0-15 15-30 30-45 45-60 60-75 75-90
1 -0.2234  -0.1599 -0.2219 -0.2211 -0.2201 -0.2190
5 -0.1300  -0.1251 -0.1206 -0.1163 -0y1122 -0.0454
10 -0.2985  -0.2936 -0.2888 -0.2842 -0.2797 -0.2753
15 0.6864 0.7542 0.7602 0.7676 0.7130 0.5957
20 0.3344 0.3335 0.3324 0.3311 0.3926 0.3912
Time Minute
(Years) 1365-1380 1380-1395 1395-1410 1410-1425 1425-1440
1 0.3617 0.2390 0.2425 0.1210 0.1255
5 0.1702 0.1719 0.1736 0.1754 0.1771
10 -0.0298 -0.0289 -0.0280 -0.0272 -0.0263
15 0.1829 0.1846 0.1862 0.1879 0.1896
20 -0.1046 -0.1028 -0.1010 -0.0993 -0.0977




Table 4.7: The averaged wave crest impact 20 years when T-head Groin Size 28 m.
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Time

Minute
(Years)  0-15 15-30 30-45 45-60 60-75 75-90
1 0.2891 0.3499 0.3478 0.3457 0.3436 0.3415
5 0.3573 0.4161 0.4121 0.4080 0.4040 0.4000
10 -0.4099  -0.4122 -0.4145 -0.3541 -0.3567 -0.2965
15 0.2809 0.2764 0.2720 0.3304 0.3260 0.3216
20 -0.5731  -0.5733 -0.5735 -0.5738 -0.5742 -0.6375
Time Minute
(Years) 1365-1380 1380-1395 1395-1410 1410-1425 1425-1440
1 -0.0372 -0.0400 -0.0428 0.0173 0.0146
5 0.2837 0.2812 0.2788 0.2764 0.2740
10 -0.2584 -0.2628 -0.2672 -0.2716 -0.2760
15 0.4681 0.4643 0.4606 0.4570 0.4534
20 -0.1795 -0.1837 -0.1879 -0.1921 -0.1963

Table 4.8: The averaged wave crest impact 20 years when T-head Groin Size 30 m.

Time Minute
(Years) 0-15 15-30 30-45 45-60 60-75 75-90
1 0.0787 0.0682 0.1205 0.1100 0.0995 0.1519
5 0.4851 0.4890 0.4296 0.4322 0.4338 0.4341
10 -0.3801 -0.3713 -0.3625 -0.4168 -0.4086 -0.4013
15 0.4475 0.5016 0.4929 0.4842 0.5385 0.5928
20 -0.1901 -0.1795 -0.1690 -0.2213 -0.2110 -0.2007

Time Minute

(Years) 1365-1380 1380-1395 1395-1410 1410-1425 1425-1440

1 0.5101 0.4583 0.4694 0.4804 0.4283
5 0.4199 0.4210 0.4222 0.4235 0.4248
10 -0.4248 -0.4256 -0.4266 -0.4276 -0.4286
15 0.4115 0.4115 0.4114 0.4115 0.4116
20 -0.4275 -0.4266 -0.4258 -0.4251 -0.4244

4.6 Numerical Experiment

In this section, the numerical results of the various beach scenarios of T-head
groin structure are considered, and the solution to the idealized problem is intro-
duced. Assuming, during the experiments, that the length of the shoreline (L) under

consideration is 100 m and the averaged wave crest impact «q for eight T-head groin
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sizes. Table 4.2-4.10 shows the averaged wave crest impact of eight T-head groin struc-
ture sizes. Table 4.9 shows the long-shore transport rate D . The simulation setting is
illustrated in Fig. 4.17.
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Figure 4.17: Initial shoreline.

Table 4.9: The long—shore transport rates [37].

Month | D (m/day)

Jan 79.4659
Feb 62.1307
Mar 5.7869
Apr 61.4403
May 5.6420
Jun 5.4716
Jul 73.0227
Aug 83.071

Sep 121.7301
Oct 372.017
Nov 96.5710
Dec 101.1233

We are going to employ the traditional forward time centered space tech-
niques (FTCS) 4.2, and the Saulyev finite difference techniques 4.4, to approximate
the shoreline evolution model solution. The approximate solutions in each year are
illustrated in Fig. 4.18-4.36. The approximate solutions in 5, 10, 15 and 20 years are
illustrated in Fig. 4.37-4.44. Table 4.10-4.25 shows the calculated results.
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Figure 4.18: Shoreline evolution in 0-9 years when T-head Groin size 16 m.
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Figure 4.19: Shoreline evolution in 0-5 years when T-head Groin size 18 m.
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Figure 4.20: Shoreline evolution in 6-11 years when T-head Groin size 18 m.
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Figure 4.21: Shoreline evolution in 0-8 years when T-head Groin size 20 m.
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Figure 4.22: Shoreline evolution in 9-15 years when T-head Groin size 20 m.
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Figure 4.23: Shoreline evolution in 0-6 years when T-head Groin size 22 m.
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Figure 4.24: Shoreline evolution in 7-13 years when T-head Groin size 22 m.
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Figure 4.25: Shoreline evolution in 0-7 years when T-head Groin size 24 m
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Figure 4.26: Shoreline evolution in 8-14 years when T-head Groin size 24 m.
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Figure 4.27: Shoreline evolution in 15-20 years when T-head Groin size 24 m.
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Figure 4.28: Shoreline evolution in 0-7 years when T-head Groin size 26 m.
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Figure 4.29: Shoreline evolution in 8-14 years when T-head Groin size 26 m.
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Figure 4.30: Shoreline evolution in 15-20 years when T-head Groin size 26 m.
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Figure 4.31: Shoreline evolution in 0-7 years when T-head Groin size 28 m.
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Figure 4.32: Shoreline evolution in 8-14 years when T-head Groin size 28 m.
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Figure 4.33: Shoreline evolution in 15-20 years when T-head Groin size 28 m.
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Figure 4.34: Shoreline evolution in 0-7 years when T-head Groin size 30 m.

Time duration 8-14 years

8 T T T T T T T T T
: —==Saulyev
: +—FTCS
7_ ......................................................................... . ............ —
& "L AN SN e o424 1P W A N _
11 years : :
. : : ; 10 years 14 years ;
S R Al D B NSRS s ] f ) N T A LA 13 years i N 4
= : : - 9 years ; ; : j |
&= ‘
@ :
a4 >
@ -
£ :
@ , 7:
23 O T Tn o s e T e S M PTG
@ T T
) IR ................................................................................................................................... _
N e e I e ]
0 | ] 1 | i i 1 1 1
0 10 20 30 40 50 60 70 80 90 100
Alongshore(m)

Figure 4.35: Shoreline evolution in 8-14 years when T-head Groin size 30 m.
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Figure 4.36: Shoreline evolution in 15-20 years when T-head Groin size 30 m.
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Figure 4.37: Shoreline evolution in 9 years when T-head Groin size 16 m.
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Figure 4.38: Shoreline evolution in 11 years when T-head Groin size 18 m.
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Figure 4.39: Shoreline evolution in 15 years when T-head Groin size 20 m.
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Figure 4.40: Shoreline evolution in 13 years when T-head Groin size 22 m.
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Figure 4.41: Shoreline evolution in 20 years when T-head Groin size 24 m.
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Figure 4.42: Shoreline evolution in 20 years when T-head Groin size 26 m.

Shoreline Evolution with Groin size 28 m

i 7 } ; : : ;
0 10 20 30 40 50 60 70 80 90 100

9 T T T T I T T T T
B | == -Saulyev ; :

8T e : |+ FICS | ) SR
P ; y ] i :
: # e e et e i = o all :
), SO T S TR Dwesuretéiry || _
i g 20 years !
s i . L
6 ...f.'.'..?-.uﬂ.,,”(.‘..:._...._.-.;‘..-‘ RO ST 1) e PN NS . ,_”.-m-.- ........ poade o o -
. e S e Ly ey T

Alongshore (m)

Figure 4.43: Shoreline evolution in 20 years when T-head Groin size 28 m.
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Shoreline Evolution with Groin size 30 m
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Figure 4.44: Shoreline evolution in 20 years when T-head Groin size 30 m.

Table 4.10: Approximated shoreline evolution along 9 years using the traditional forward time

centered space techniques when T-head Groin Size 16 m.

Time Distance (m)

(Years) 0 20 40 60 80 100
1 2.8710 1.4100 0.6302  0.6302 1.4100  2.8710
& 9.5859 7.7058 6.7258  6.7258  7.7058  9.5859
9 159610 14.0431 13.0345 13.0345 14.0431 15.9610

Table 4.11: Approximated shoreline evolution along 9 years using the Saulyev finite difference

techniques when T-head Groin Size 16 m.

Time Distance (m)

(Years) 0 20 40 60 80 100
1 2.8718 1.4107  0.6305  0.6300 1.4094  2.8701
5 9.5859  7.7059  6.7259  6.7260  7.7059  9.5860
9 159615 14.0435 13.0346 13.0345 14.0429 15.9609
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Table 4.12: Approximated shoreline evolution along 11 years using the traditional forward time

centered space techniques when T-head Groin Size 18 m.

Time Distance (m)
60 80 100

(Years) 0 20 a0
1 2.4433 1.2654 0.5617 0.5617 1.2654 2.4433

5 8.5988  6.9462 6.0354  6.0354 69462  8.5988
10 16.3731 14.2624 13.3619 13.3619 14.2624 16.3731
11 17.2722 15.6527 14.7912 14.7912 15.6527 17.2722

Table 4.13: Approximated shoreline evolution along 11 years using the Saulyev finite difference

techniques when T-head Groin Size 18 m.

Time Distance (m)
80 100

(Years) 0 20 a0 60
1 2.4436 1.2659 ~ 05619 = 0.5615 1.2649 24427
5 8.5988  6.9463  6.0353  6.0355 69464  8.5989
10 16.3738 14.2626 13.3621 13.3618 14.2622 16.3731

11 17.2720 15.6525 14.7911 147912 15.6530 17.2724

Table 4.14: Approximated shoreline evolution along 15 years using the traditional forward time

centered space techniques when T-head Groin Size 20 m.

Time Distance (m)
60 80 100

(Years) 0 20 40
1 2.2494 1.1606 0.5209 0.5209 1.1606 2.2494

§ 7.4274 58894 5.1479 51479 58894 74274
10 13.2267 11.7631 11.0379 11.0379 11.7631 13.2267
19.2122 17.6409 16.8916 16.8916 17.6409 19.2122

15

Table 4.15: Approximated shoreline evolution along 15 years using the Saulyev finite difference

techniques when T-head Groin Size 20 m.

Time Distance (m)
(Years) 0 20 a0 60 80 100

1 22499  1.1610 0.5211 05207 1.1601  2.2488
5 7.4275 58894 51479 51479 58894  7.4273
10 13.2269 11.7631 11.0378 11.0379 11.7632 13.2268
15 19.2123 17.6410 16.8916 16.8915 17.6408 19.2122
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Table 4.16: Approximated shoreline evolution along 13 years using the traditional forward time

centered space techniques when T-head Groin Size 22 m.

Distance (m)

Time

(Years) 0 20 a0 60 80 100
1 2.4577 1.1767  0.5171 0.5171 1.1767  2.4577
5 8.7941  7.0079  6.0630 6.0630  7.0079  8.7941
10 17.1728 149308 13.9419 139419 149308 17.1728
13 21.5783 19.5870 18.6116 18.6116 19.5870 21.5783

Table 4.17: Approximated shoreline evolution along 13 years using the Saulyev finite difference

techniques when T-head Groin Size 22 m.

Distance (m)

Time

(Years) 0 20 40 60 80 100
1 24578  1.1770 05173 05169 11763 24574
5 8.7940  7.0079  6.0628  6.0629  7.0079  8.7940
10 17.1735 149311 139420 139417 149306 17.1728
13 21.5774 19.5868 18.6117 18.6116 19.5870 21.5786

Table 4.18: Approximated shoreline evolution along 20 years using the traditional forward time

centered space techniques when T-head Groin Size 24 m.

Distance (m)

Time

(Years) 0 20 a0 60 80 100
1 1.0972 0.5544 0.2391 0.2391 0.5544  1.0972
5 3.2598 23726 2.0848 2.0848 2.3729 3.2598
10 4.2850 4.1421 39454 39454 41421 4.2850
15 6.8976  6.0140 5.7506 5.7506 6.0140 6.8976
20 7.8626 7.6623 7.4815 7.4815 7.6623 7.8626




Table 4.19: Approximated shoreline evolution along 20 years using the Saulyev finite difference

techniques when T-head Groin Size 24 m.

Time Distance (m)

(Years) 0 20 40 60 80 100
1 1.0975 0.5547 0.2392 0.2389 0.5540 1.0968
5 3.2607 23731 20852 2.0848 23724 3.2596
10 4.2846 4.1417 39450 3.9455 4.1424 4.2851
15 6.8987 6.0147 57510 5.7506 6.0137 6.8975
20 7.8624 7.6618 7.4811 7.4815 7.6626 7.8627

Table 4.20: Approximated shoreline evolution along 20 years using the traditional forward time

centered space techniques when T-head Groin Size 26 m.

Time Distance (m)

(Years) 0 20 40 60 80 100
1 1.4976 0.5985  0.2596  0.2596  0.5985 1.4976
> 43015 3.3562 29214 29214 33562  4.3015
10 7.6055  6.8702 6.4288 6.4288  6.8702  7.6055
15 11.6917 10.6384 10.1618 10.1618 10.6384 11.6917
20 15.1301 14.3789 13.9220 13.9220 14.3789 15.1301

Table 4.21: Approximated shoreline evolution along 20 years using the Saulyev finite difference

techniques when T-head Groin Size 26 m.

Time Distance (m)

(Years) 0 20 40 60 80 100
1 1.4979 05988 0.2598 0.2595 0.5983 1.4974
5 43016 33563 29215 29213  3.3561 4.3014
10 7.6051 6.8701 6.4288  6.4289  6.8703  7.6056
15 11.6919 10.6386 10.1621 10.1619 10.6382 11.6916
20 15.1297 143787 13.9220 139222 14.3791 15.1303
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Table 4.22: Approximated shoreline evolution along 20 years using the traditional forward time

centered space techniques when T-head Groin Size 28 m.

Time Distance (m)

(Years) 0 20 40 60 80 100
1 0.7186 0.3100 0.0987 0.0987 0.3100 0.7186
5 2.8822 19768 1.7127 1.7127 19768 2.8822
10 4.0363 3.7656 35555 35555 3.7656 4.0363
15 6.8627 58516 55533 55533 58516 6.8627
20 8.1678 7.8000 7.5806 7.5806 7.8000 8.1678

Table 4.23: Approximated shoreline evolution along 20 years using the Saulyev finite difference

techniques when T-head Groin Size 28 m.

Time Distance (m)

(Years) 0 20 40 60 80 100
1 0.7189 0.3103 0.0989 0.0986 0.3095 0.7180
5 2.8834 19772 1.7129 1.7125 19764 2.8819
10 4.0361 3.7650 3.5549 35555 37658 4.0364
15 6.8640 5.8523 55536 55532 5.8513 6.8625
20 8.1674 7.7994 7.5800 7.5805 7.8002 8.1679

Table 4.24: Approximated shoreline evolution along 20 years using the traditional forward time

centered space techniques when T-head Groin Size 30 m.

Time Distance (m)

(Years) 0 20 40 60 80 100
1 1.2549 0.4986 0.2042 0.2042 0.4986 1.2549
5 2.8227  2.0405 1.8249 1.8249 2.0405 2.8227
10 3.0897 3.1776 3.0660 3.0660 3.1776 3.0897
15 5.4009 4.6835 4.4527 4.4527 4.6835 5.4009
20 58824 58600 5.7502 5.7502 5.8600 5.8824
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Table 4.25: Approximated shoreline evolution along 20 years using the Saulyev finite difference

techniques when T-head Groin Size 30 m.

Time Distance (m)

(Years) 0 20 40 60 80 100
1 1.2554 0.4992 0.2044 0.2041 0.4982 1.2546
5 2.8240 2.0415 1.8256 1.8249 2.0401 2.8224
10 3.0883 3.1765 3.0652 3.0660 3.1781 3.0900
15 5.4021 4.6844 4.4533 4.4527 4.6830 5.4006
20 5.8817 58593 57497 57502 5.8604 5.8824




Chapter 5

Discussion and Conclusion

5.1 Discussion

5.1.1 Discussion of A Shoreline Evolution Model With the Wavelength Effect
of Breaking Waves on Groin Structures

We considered the averaged wave crest impact (ag) as obtained by 2.39 for
five case wavelengths as seen in Table 3.2-3.6. The long-shore transport rate for each
month as seen in Table 3.7.

We used the numerical method, the traditional forward time centered space
techniques, and the Saulyev finite difference techniques to predict the shoreline evo-
lution for five case wavelengths with time duration of 5, 10, and 15 years.

The approximated shoreline evolution for wavelength 0.5sin(¢ + 0.01z) with a
time duration of 15 years is seen in Table 3.8, 3.9 and Fig. 3.19, 3.20. The farthest
distance from the shoreline evolution is 6.0537 m. The shortest distance from the
shoreline evolution is 5.2833 m.

The approximated shoreline evolution for wavelength 0.5sin(¢ + 0.02z) with a
time duration of 15 years is seen in Table 3.10, 3.11 and Fig. 3.21, 3.22. The farthest
distance from the shoreline evolution is 9.7219 m. The shortest distance from the
shoreline evolution is 8.3579 m.

The approximated shoreline evolution for wavelength 0.5sin(t + 0.03z) with a
time duration of 15 years is seen in Table 3.12, 3.13 and Fig. 3.23, 3.24. The farthest
distance from the shoreline evolution is 14.3339 m. The shortest distance from the
shoreline evolution is 12.5092 m.

The approximated shoreline evolution for wavelength 0.5sin(t + 0.04z) with a
time duration of 15 years is seen in Table 3.14, 3.15 and Fig. 3.25, 3.26. The farthest
distance from the shoreline evolution is 6.4928 m. The shortest distance from the
shoreline evolution is 5.8776 m.

The approximated shoreline evolution for wavelength 0.5sin(¢ + 0.05z) with a
time duration of 15 years is seen in Table 3.16, 3.17 and Fig. 3.27, 3.28. The farthest
distance from the shoreline evolution is 3.4704 m. The shortest distance from the
shoreline evolution is 3.0672 m.

The approximated shoreline evolution for five case wavelengths with time du-
rations of 5, 10, and 15 years is seen in Fig. 3.29, 3.30, 3.31, 3.32 and 3.33 respectively.

The approximate shoreline evolution of wavelengths 0.5 sin(t+0.01z), 0.5 sin(t+
0.02z) and 0.5sin(t + 0.03z) shows that as the frequency of wavelength increases, the

approximate shoreline area also increases. And in the approximate shoreline evolution
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of wavelengths 0.5sin(t + 0.04z) and 0.5sin(t + 0.05z), the frequency of wavelength
increases, but the approximate shoreline evolution has less area.
The approximated shoreline evolutions of both numerical approaches within

five wavelengths of the considered shoreline are compatible.

5.1.2 Discussion of A Combination of A Shoreline Evolution Model and A
Wave Crest Model on T-Head Groin Structures With the Breaking Wave
Effect

We considered the averaged wave crest impact (ag) as obtained by 2.39 for
eight T-head groin sizes as seen in Table 4.2-4.10. The long-shore transport rate D for
each month as seen in Table 4.10.

We used numerical techniques, the traditional forward time centered space
techniques (FTCS), and the Saulyev finite difference techniques to approximate the
shoreline evolution for eight T-head groin sizes.

The approximated shoreline evolution for T-head groin size 16 m with a time
duration of 9 years is seen in Table 4.10, 4.11, and Fig. 4.18. As a result of shoreline
evolution, the longest distance is 15.9615 meters, and the shortest distance is 12.9092
meters.

The approximated shoreline evolution for T-head groin size 18 m with a time
duration of 11 years is seen in Table 4.12, 4.13, and Fig. 4.19, 4.20. As a result of
shoreline evolution, the longest distance is 17.2724 meters, and the shortest distance
is 14.6822 meters.

The approximated shoreline evolution for T-head groin size 20 m with a time
duration of 15 years is seen in Table 4.14, 4.15, and Fig. 4.21, 4.22. As a result of
shoreline evolution, the longest distance is 19.2123 meters, and the shortest distance
is 16.7981 meters.

The approximated shoreline evolution for T-head groin size 22 m with a time
duration of 13 years is seen in Table 4.16, 4.17, and Fig. 4.23, 4.24. As a result of
shoreline evolution, the longest distance is 21.5786 meters, and the shortest distance
is 18.4889 meters.

The approximated shoreline evolution for T-head groin size 24 m with a time
duration of 20 years is seen in Table 4.18, 4.19, and Fig. 4.25, 4.26, 4.27. As a result of
shoreline evolution, the longest distance is 8.1202 meters, and the shortest distance
is 7.4590 meters.

The approximated shoreline evolution for T-head groin size 26 m with a time
duration of 20 years is seen in Table 4.20, 4.21, and Fig. 4.28, 4.29, 4.30. As a result of
shoreline evolution, the longest distance is 15.2122 meters, and the shortest distance
is 13.8656 meters.

The approximated shoreline evolution for T-head groin size 28 m with a time
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duration of 20 years is seen in Table 4.22, 4.23, and Fig. 4.31, 4.32, 4.33. As a result of
shoreline evolution, the longest distance is 8.3230 meters, and the shortest distance
is 7.5526 meters.

The approximated shoreline evolution for T-head groin size 30 m with a time
duration of 20 years is seen in Table 4.24, 4.25, and Fig. 4.34, 4.35, 4.36. As a result of
shoreline evolution, the longest distance is 6.2741 meters, and the shortest distance
is 5.7362 meters.

Approximate shoreline evolutions of all numerical approaches in eight sizes of
the considered T-head groin are compatible. The approximate shoreline evolution of
T-head groin sizes of 16, 18, 20, and 22 m is used over time durations of 9, 11, 15, and
13 years, respectively, making the approximate shoreline comparable in size to the
T-head groin. Other approximate T-head groin sizes are used over a time duration of
20 years. The approximate shoreline is still in the T-head groin area. The approximate

shoreline tends to decrease with T-head groin sizes of 26, 28, and 30 m.

5.2 Conclusion

5.2.1 A Shoreline Evolution Model With the Wavelength Effect of Breaking

Waves on Groin Structures

A more realistic shoreline evolution model was created in this research to ad-
just for the wavelength influence of breaking waves on groin construction. The initial
condition setting approach and boundary conditions techniques, as well as various
groin structural impacts, are discussed. Each year, the shoreline evolution is approxi-
mated using the conventional forward time centered space method and the uncondi-
tionally stable Saulyev finite differential methods. The estimated impacts of shoreline
evolution were consistent with the wave crest impact model for five case wavelengths.
As a result, the frequency of the wavelength influences the approximated shoreline
evolution rate. In most cases, when the frequency of wavelength increases, the ap-
proximated shoreline evolution that obtains shoreline area also increases, but in some
cases, when the frequency of wavelength increases, the approximated shoreline evo-
lution has shoreline area obtained less. The approximated shoreline evolution is un-
certain at different frequencies of wavelengths. The proposed modelling could be

used to forecast the effectiveness of constructing a groin system on a nearby beach.

5.2.2 A Combination of A Shoreline Evolution Model and A Wave Crest Model
on T-Head Groin Structures With the Breaking Wave Effect

We introduce a shoreline evolution model was created in this research to
adjust for the T-head groin structure. The non-uniform breaking wave crest impact is

estimated using the wave crest impact model. The average wave crest impact for eight
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sizes of T-head groin structures is considered. The shoreline evolution in areas where
T-head groins are installed on both sides. The initial condition setting approach and
boundary conditions techniques, as well as the structural impacts of the T-head groin,
are discussed. The traditional forward time centered space techniques (FTCS) and the
unconditionally stable Saulyev finite differential techniques are used to approximate
shoreline evolution each year. The estimated impacts of shoreline evolution were
consistent with the wave crest impact model for eight different T-head groin sizes.
As a result, the size of T-head groin influences the approximated shoreline evolution.
The time duration of the approximate shoreline comparable in size to the T-head groin
increases as the size of the T-head groin increases. But the size of the T-head groin
is too large, the approximate shoreline evolution rate is lower, and the approximate

shoreline evolution has resulted in a smaller shoreline area.

5.3  Summarize

In this research, we study the wavelength effect of breaking waves and the
T-head groin construction effect on the shoreline evolution model. We introduce a
shoreline evolution model, the initial condition setting approach, boundary condition
techniques, and the wave crest impact model to adjust for two cases of study. The
shoreline evolution is approximated using the traditional forward time centered space
techniques (FTCS) and the unconditionally stable Saulyev finite differential techniques.
In the first case, the wavelength effect of breaking waves, we study the influence of
the breaking waves from the wave crest impact model in five cases of wavelength.
The first case study provides, the frequency of the wavelength influences the approx-
imate shoreline evolution rate. In most cases, when the frequency of the wavelength
increases, the approximated shoreline evolution that obtains shoreline area also in-
creases, but in some cases, when the frequency of the wavelength increases, the
approximated shoreline evolution obtains less shoreline area. In the second case,
The T-head groin construction effect, we study the influence of the size of T-head
groin construction in eight cases of different sizes of T-head groin. The second case
study shows that the size of the T-head groin influences the approximated shoreline
evolution. The duration of the approximate shoreline comparable in size to the T-
head groin increases as the size of the T-head groin increases. But the size of the
T-head groin is too large, the approximate shoreline evolution rate is lower, and the

approximate shoreline evolution has resulted in a smaller shoreline area.

5.4  Further work

1) We will simulate 2D, 3D shoreline evolution model.

2) We will change groin design.
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Abstract: Beach erosion is a natural phenomenon that is not compensated by depositing fresh material
on the shoreline while transporting sand away from the shoreline. There are three phenomena that
have a serious influence on the coastal structure, such as increases in flooding, accretion, and water
levels. In addition, the prediction of coastal evelution is used to investigate the topography of the
beach. In this research, we present a one-dimensional mathematical model of shoreline evolution,
and the parameters that influence this model are described on a monthly basis over a period of one
year. Consideration is given to the wave crest impact model for evaluating the impact of the wave
crest at that stage. It focuses on the evolution of the shoreline in environments where groins are
installed on both sides. The initial and boundary condition setting techniques are proposed by the
groins and their environmental parameters. The non-uniform influence of the crest of the breaking
wave is so often considered. We then used the traditional forward time centered space technique
and the Saulyev finite difference technique to estimate the monthly evolution of the shoreline for
each year.

Keywords: shoreline evolution; groin system; explicit finite difference methods; wave crest impact;

mathematical model

1. Introduction

Beach erosion is a natural process which occurs whenever the transport of material
away from the shoreline is not balanced by new material being deposited onto the shore-
line. This is a problem that causes a decrease in beach areas. In order to prevent beach
erosion and beach deposition which may devise a sea wall and groin, in [1], the design
of the functional groin and a simulation of the action of single and multiple groins using
GENESIS was proposed. Predictions of shoreline changes have been tested at 15 groins in
Westhampton, Long Island, and New York. In [2], changes in the beach profile due to the
construction of a single zigzag type of porous groin, named GROPOZAG, were reported.

Qualitative awareness of the idealized reaction of the shoreline to the governance
process is required to examine beach erosion and beach deposition. The only instrument
which can consider this is an analytical solution based on a mathematical model that
explains fundamental physics. Many authors have developed an analytical solution to
the evolution of the shoreline using a basic mathematical formula. Many authors have
developed a one-line theory, and several contributors have included [3-8] in the analytical
solution of the evolution of the shoreline. It cannot be assumed that the analytical solution
would have quantitatively precise solutions to the problems containing complex boundary
conditions and wave inputs. In the actual case, a numerical model of the evolution of the
shoreline will be more fitting. In [9,10], the authors used conditionally stable explicit finite
difference methods to approximate their model solutions.
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In [11], the authors proposed a numerical model developed for the site conditions,
which was used to measure the impact of lengthening the groin to a depth of 5 m to
position it across the zone of bar migration. The model accurately represents observed
processes, predicting less scour and more deposition at the coastal tip of the extended
groin, as well as an increased probability of a rip current near the structure at Marina
di Ronchi, Italy. In [12], a new numerical scheme for simulating flows around buildings
with sharp-cornered structures was proposed. The proposed numerical model was tested
against a well-known present experiment involving a wave group entering a shoreline and
the presence of a T-head groin design. In [13], the effect of a groin application to erosion at
the shoreline was proposed. The method utilized the bathymetry and topography data of
the north beach of Balongan, West Java. In [14], probabilistic changes to the shoreline were
calculated by using two simulations. The first simulation was the GenCade simulation,
which was used to predict the long-term evolution of the shoreline induced by natural
offshore waves. The second was the Monte Carlo simulation, which was used to simulate
the evolution of the shoreline in response to changes in sea level. In [15], the ONELINE
modeling method was presented, and its capabilities were demonstrated by model testing
of two case studies. The first one has a groin area at Sea Isle City, New Jersey along the East
Coast of the United States. The second is along the Nile Delta Coast in Egypt. In [16], a
comparison between the analytic and numerical solutions in the idealized wave condition
for four different shoreline configurations was proposed.

In this research, we introduce a governing equation of a one-dimensional shoreline
evolution model when a couple of groins is added. We introduce a non-uniform impact
effect of the breaking wave crest. We introduce the initial condition and the boundary
conditions setting. Finite difference techniques will be used to approximate the model solu-
tion. A numerical model is being developed to predict the efficiency of the groin effect on
shoreline evolution. We focus on predicting the efficiency of a straight, impermeable groin.

2. Governing Equation
2.1. Shoreline Evolution Model

In a one-dimensional shoreline evolution model, while maintaining the same shape,
the beach shape is supposed to move towards land and towards the sea, meaning that all
the bottom outlines become parallel. As a result, under this presumption, it is necessary to
define the horizontal position of the shape relative to the baseline, and one outline could
be used to explain changes in the form and volume of the beach plane as the beach erodes
and accretes. The model’s main assumption is that the sand is transported alongshore on
the profile between two well-defined limiting elevations. If there is a disparity in the long-
shore sand transport rate on the side of the segment and the related s and consistency, one
contribution would be to obtain volume adjustment results. The principles of conservation
of mass must be applied to the system at all times. The corresponding differential equation
for the evolution of the shoreline is generated by considering the definitions above.

dy 1 a0
3 = Dt De (’W) @

where x is the co-ordinate on the shores (m), v is the location of the shoreline (m) and is
perpendicular to the x-axis, { is time (day), Q is the long-shore sand transport rate (m® / day),
Dy is the average height of the berm (m), and D¢ is the average depth of closure (m). To
solve Equation (1), it was necessary to define a term for the long-shore sand transport rate
(Q). This quantity is assumed to have been obtained by the oblique wave occurring at
the shoreline. The US Army Corp developed a generalized term for the long-shore sand
transport rate [17]:

Q= Qosin(2ap), @)
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where Q is the long-shore sand transport rate amplitude, and aj, is the angle between
the breaking wave crest impact angle and local shoreline. The general formula for the
long-shore sand transport rate amplitude is as follows [18]:

Qo = {5 (Hiea) ¢ ®

K
PP’
where the b subscription signifies the value at the breaking point, c; is the velocity of
the wave group, H is the wave height, ps is the sediment density (kg/m?), p is the sea
water’s density, it is the porosity, and Kis the non-dimensional coefficient of the particle
size function, and &, can be written as:

[0
&p = ag —tan 1(%), (4)

where «g is the angle between breaking wave crests” impact angle and x-axis. [t can be
assumed for beaches with a mild slope that the angle of the wave breaking to the shoreline
is minimal. Assuming that

sin(2ap) &~ 2y, (5)

2] 0
=CW 2 Py
tan ( a—x) M (6)

replacing the Equation (2) with the Equation (4), and assuming that the beach has a mild
slope:

and

Q:Qo(hb*Z%). (7)

replacing the Equation (1) with the Equation (7) and ignoring the sources or sinks along
the shoreline provides the following;:

dy 9%y
547 Da.7 (8
forall (x,t) € (L, T), where
200
D= ) 9
Dp= Do ()

Equation (8) is similar to a one-dimensional heat diffusion equation, which can be
solved analytically under varying initial and boundary conditions.

2.2. Physical Parameters

The physical parameter of the model can be illustrated as shown in Figures 1 and 2
that are listed below.

ay is the angle between breaking wave crests” impact angle and x-axis.
Qy is the long-shore sand transport rate amplitude.

Dp is the average height of the berm.

D¢ is the average depth of closure.

Lis alongshore.

T is the time of simulation.
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) ap ap ap

Beach

Figure 1. Breaking wave crests’ impact angle.

Level

Mean water ~ +,%," D

Figure 2. Shoreline’s physical parameters.

2.3. The Initial and Boundary Conditions

Straight, impermeable groin system. The initial shoreline is assumed to be parallel
to the x-axis. Assuming that, the sand transport rate along the shoreline is uniform. The
groin is instantaneously added at x = 0, as shown in Figure 3. This means that the initial

condition becomes,
y(x,0) =0,

(10)

the wave crest impact effect to the boundary condition setting. This means that the

boundary condition becomes,

ay(0,t) .
NS G —tan(ag) at x =0,

and
dy(L,t)
dx

= —tan(—ap) at x=L.

(1D

(12)
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Sea coast

Beach

Figure 3. Initial shoreline.

2.4. Wave Crest Impact Model

The hydrodynamic model is introduced to obtain the wave crest impact in the shoreline
evolution model [19].

The two-dimensional unstable water flow into and out of the seashore may be calcu-
lated by the use of a system of shallow water equations, taking into consideration the mass
conservation and the momentum conservation. The equations of this method should be
derived from the vertical direction of the depth-averaging of the Navier-Stokes equations,
neglecting the diffusion of momentum due to vibration and discarding the terms represent-
ing the effects of friction, surface wind, Coriolis factor, and shear stress. The equation of
continuity is then expressed as follows:

ok d(uh) ~d(vh)
at dx dy

=0, (13)

and the momentum equations are expressed as below:

o(uh) a(ictn +.%8"2)  Oloh)

a o ETI o
A(oh) | duoh) 3%+ 1a?) iy -
af o dy A&

where

h(x, Y, t) is the depth estimated from the average water surface to the seashore bed

I = H+ &(m),

&(x, y,t) is the elevation of water surface from the average water level at seashore (m),

H(x,y) is the interpolated bottom topography function of the seashore (m),

u(x,y,t)is velocity in the direction of x (m/s),

v(x,y,t) is velocity in the direction of y (m/s),

g is a constant in gravity (9.8 m/s?).

Such time (t), and two space coordinates, x and y are the independent variables.
Likewise, the conserved quantities are mass, which is proportional to /1, and momentum,
which is proportional to (1/) and (vh). As taken with respect to the same term, the partial
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derivatives are grouped into vectors (dx, dy,dt) and then rewritten as a partial differential
hyperbolic equation, as follows:

h uh vh
U= (uh|,FU)=|uh+igh* |, GU)= uvh . (16)
vh uvh o2+ 1gh?

The hyperbolic PDE:
ou  JdF(U)  oG(U)
T 5% + —_ay =0. (17)

2.5. The Initial and Boundary Condition for Wave Crest Impact Model

The initial conditions of the reservoir were as follows: The x- and y-velocity compo-
nents were zero, as well as the water elevation of u = 0,v = 0,and ¢ = 0.
Assuming that the break-water is not a perfect barrier to water as it is made of an
. s r e
aggregate of rocks with large gaps, the boundary conditions were as follows: (iju = 0,

=
0,¢ = f(x,y,t) for waves coming into the beach, (i) % =0,0v=0, g% = 0 for left and right
groin structures, and (iii)u =0, % = % = 0 for along the beach, as shown in Figure 4.
ov .
ain 11:0_.5:0, &=r(xpr) Grom
‘__UA_AUA,,\/L\H,\L‘LHH// \,
e e
2 e o
ﬂ:()_vzu 5 w=0,v=0, ; @:O’L:UV
o - I o
i £s0 5
4y, % o ec _
i [ 1 —=0
éx ; 5 ox
] ]
11:0‘@:0, 6—5:0
ey

Figure 4. Initial and boundary conditions.

3. Numerical Techniques
3.1. Grid Spacing

We now discretize Equation (8) by dividing the interval [0, L] into M sub-intervals,
such that MAx = L, and the interval [0, T] into N sub-intervals, such that NAt = T. We
then approximate y(x,, #,) by y/, at the point x; = iAx and t, = nAt, where 0 <7 < M
and 0 < n < N in which there are positive integers of M and N.

3.2. Traditional Forward Time-Centered Space Technigue

The forward time-centered space schemes is employed. Consequently, the finite
difference approximation becomes [20]

y=yl (18)
ay N y}Hl _ y:r

AL (19)
dy . ¥ — v

ax ~  2Ax @0

Py a2y
w o i+ (Axl)z i , (21)
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where A = {gf;z .
Replacing the Equation (8) with the Equations (18)-(21), we obtain
N
At . (Ax)? ! @22

for1<i<M-—1and0 < »n < N — 1. Equation (22) can be written in an explicit form of
finite difference as follows,

vt = Ayl + (- 24) + Ay, 23
fortl<i<M-1land0<n<N-1.

3.3. Unconditionally Sanlyev Finite Difference Technigues

The Saulyev scheme is employed. Consequently, the finite difference approximation
becomes [9]

vyl (24)
P n+1 n
ﬁ g yl At y[ v (25)
Ay £ vl < VIS 28
ox (Ax)2 y

where A = %.

Replacing the Equation (8) with the Equations (24)-(26), we obtain

AN NPy 1 S st PRS2
R @2 '

27)

for1<i<M—-1and0 <n < N — 1. Equation (27) can be written in an explicit form of
finite difference as follows,

1
pi= T Gl + (1 A+ Ay, @8
forl<i<M-—-land0<n<N-1
3.4. Numerical Techniques for the Wave Crest Impact Model

The finite difference technique [19]:

At (it n+4 At [tk n+ 3

n+l _gm _ 2F 7 7z » F 2
ul,/ - u’ri Ax (FH%,[ F{*‘i,;) Ay (Gi,j+% G(,j*%) ) (29)

3.5. The Wave Crest Impact
The wave crest impact becomes
o[y t)

alx;, ,t:tanl —p , 30
Gl (u(x,,y,.n 0

and the averaged wave crest impact is assumed by

Ny
Lty «(%:, 0, )

(1) = SELE 61
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where N is a number of wave crest impact sample points along the shoreline.
3.6. The Employment of Traditional Forward Time-Centered Space Technigue to the Left and the
Right Boundary Conditions

The forward time-centered space method is employed. Consequently, the finite
difference approximation becomes

yEyi (©2)
ay - y;l‘f’l - y;t
5 T ATy (33)
W Y~ Y
ot Y1 (34)
. 2A
a;y yrr L ny"er" |

~ it ] i—
92 (Ax)2 ’ 9

where A = %A

Replacing the Equation (8) with the Equations (32)-(35), we obtain

AN G RN -

At (Ax)2
for i = 0, where replacing the uncertain value of the left boundary is approximated by the
method of center difference with the specified left boundary condition

Y2 = 1 —2(Ax) (= tan(ag)), (37)
replacing the Equation (36) with the Equation (37), we obtain
yi ' = (=240 + 24y, —24(a%) (— tan(w)), (38)

for i = M, replacing the uncertain value of the right boundary is approximated by the
method of center difference with the specified right boundary condition

a1 = Vi1 +2(8%) (= tan(—ao)), (39)
replacing the Equation (36) with the Equation (39), we obtain
v =24y (1 - 2A)y; + 2A(Ax) (- tan(~ag)). 40

The Equations (38) and (40) could be used to approximate the y! values on the
solution’s domain grid points.

4. Physical Parameters’ Setting Techniques

Assuming that the sediment density (p5) [21], the sea water’s density (p) [22], the
porosity (1) [23], the non-dimensional coefficient of the particle size function (K) [24], the
average height of the berm (Dg), and the average depth of closure (D) are listed below.

The wave group velocity (cg) and the wave height (H) in each month along a year mea-
sured by field data on the gulf of Thailand are collected by the Geolnformatics and Space
Technology Development Agency (Public Organization) (GISTDA) [25], as listed below.

The long-shore sand transport rate amplitude (Qp) is obtained by Equation (3) and
the long-shore transport rates (D) are obtained by Equation (9), as listed below.

5. Numerical Experiment

To analyze the evolution of the shoreline on a long-term scale, the numerical results of
the beach scenario are considered and the solution to the idealized problem is introduced.
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Assuming, during the simulation, that the length of the shoreline considered is L = 100 m,
we set the physical parameter in Tables 1-3. The simulation setting is illustrated in Figure 3.

We will employ the finite difference techniques Equation (29) to approximate the wave
crest impact model solution, as shown in Figure 5.

808~
Bog

8.044-"

gz

| 150
100

Grain (m) 9 € Alongshaore(m)
Figure 5. Wave crest impact in one year (360 days).
Table 1. Parameters of sand transport rate.
The sediment density (ps (kg/m?)) 1700
The sea water’s density (o (kg/ms)) 1020
The porosity (1) 0.406
The non-dimensional coefficient of the particle size function (K) 0.375
The average height of the berm. (Dp (m)) 2
The average depth of closure. (D¢ (m)) 8

Table 2. The wave group velocity and the wave height.

Month cg (m/day) H (m)
January 2019 8951.04 15
February 2019 6998.4 1.5
March 2019 5866.56 0.5
April 2019 6920.64 1.5
May 2019 5719.68 0.5
June 2019 5546.88 0.5
July 2018 8225.28 1.5
August 2018 9357.12 15
September 2018 13,711.68 1.5
October 2018 15,085.44 25
November 2018 10,877.76 15

December 2018 11,396.16 1.5
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Table 3. The amplitude of the longshore transport rates and the longshore transport rates.

Month Qo (m/day) D (m/day)
January 2019 1191.99 238.3977
February 2019 931.96 186.3921
March 2019 86.80 17.3607
April 2019 921.61 184.3209
May 2019 84.63 16.9260
June 2019 82.07 16.4148
July 2018 1095.34 219.0681
August 2018 1246.07 249.2130
September 2018 1825.95 365.1903
QOctober 2018 5580.26 1116.0520
November 2018 1448.57 289.7130
December 2018 1517.60 303.3699

The averaged wave crest impact (a) is obtained by Equation (31), as shown in Table 4.

Table 4. The averaged wave crest impact in one year (360 days).

Time min
day 0-90 90-180 180-270 270-360 360450 450-540 540630
30 _00186 0018 00184 00182 00181 00180 00179
60 0,002 00052 00051 00051  0.0051 0.0051 0.0050
90 0.0623 00621 00619 00617 00615 0.0614 0.0612
30 01306 01306 01306  0.1306 01306 01306 0.1306
Time min
day 630720  720-810  §10-900 900-990 990-1080 1080-1170  1170-1260
300 00178 00178 00177 00176 00175 - 00175 0.0l
60 0.0049 00048 00047 0.0046 00046  0.0046 0.0046
90 0.0610 00608 00806 00504 00602 00600 0.0598
30 01307 01618 01618 - 01618 01418 01618 0.1619
Time min
day | 12601350  1350-1440
0 om0
60 0.0046 0.0046
90 0.0597 0.0595
30 01619 0.1619

We will employ the traditional forward time-centered space technique (23), and the
Saulyev finite difference techniques (28), to approximate the model solution. The calculated
results L = 100 m are as shown in Figure 6.

The approximated solutions of the traditional forward time-centered space technique
and Saulyev finite difference techniques give approximated solutions in Tables 5 and 6.
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Figure 6. Shoreline evolution in one year.

Table 5. Approximated shoreline evolution along one year by a traditional forward time-centered
space technique.

Time Distance (m)
(y ears) 0 20 40 60 80 100
1 7.3252 51761 4.1060 4.1060 5.1761 7.3252

Table 6. Approximated shoreline evolution along one year by Saulyev finite difference techniques.

Time Distance (m)
(years) 0 20 40 60 80 100
1 7.3260 5.1764 4.1053 41060 5.1756 7.3238

6. Discussion

The effect of the wave crest from Equation (31) as shown in Table 4. The long-shore
transport rates (D) are also measured on a monthly basis during the year. The long-shore
transport rates (D) were obtained by using Equation (9). The amplitude of the long-shore
transport rates (Qo) was obtained by Equation (3), the density of the sediment (ps), the
density of seawater (p), the porosity (1), the non-dimensional coefficient of the particle
size function (K), the averaged berm height (Dg) and the closure depth (D¢), as shown in
Table 1. The wave group velocity (cg) and the wave height (H) for each month are seen
in Table 2.The amplitude of the long-distance transport rate (Qp) and the long-distance
transport rate (D) for each month are simulated as shown in Table 3.

The evolution of the coastline in each year is predicted by the use of a traditional
forward time-centered space technique and Saulyev finite difference techniques, as seen
in Tables 5 and 6 and Figure 3. The distance from the most distant shoreline evolution
is 7.32 m. The shortest distance from the shoreline evolution is 3.96 m. The calculated
shoreline evolution of the two numerical techniques is closed.
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7. Conclusions

In this research, we presented a one-dimensional mathematical model of shoreline
evolution, and the parameters that affect this model are presented monthly over one year.
The wave crest impact model was used to estimate the nonuniform breaking wave crest
impact at the time it was considered. The evolution of the shoreline in areas where groins
are installed on both sides was focused on. The initial and boundary conditions were
defined by the groins on both sides. We then used the traditional forward time-centered
space technique and Saulyev finite difference techniques to estimate the monthly evolution
of the shoreline for each year. The traditional forward time-centered space technique
provides a more accurate measurement than the Saulyev finite difference techniques.
However, if any time increment cases are chosen, the traditional forward time-centered
space technique is not capable of estimating the solution—see also [26]. Fortunately,
the solution can always be estimated by the Saulyev finite difference techniques. The
approximate effects of the shoreline evolution where consistent with the nonuniform
breaking wave crest impact by the wave crest impact model and the installation properties
of the beach groins.
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A Shoreline Evolution Model With the
Wavelength Effect of Breaking Waves on Groin
Structures

Pidok Unyapoti, Nopparat Pochai

Abstract— Local sea level rise, strong wave action, and tidal
currents all wear down or carry away rocks, soil, and sand
along the beaches. The quantity of beach areas has decreased
as a result of this issue. Analyzing the progression of the
shoreline can help us better understand how the beach will
look in the future. A groin structure was built to stop beach
erosion and repair the beach. Beach erosion and beach
deposition research requires a qualitative analysis of the model
shoreline behavior in conmection to the governing process.
Models for shoreline evolution are the subject of some
research. However, they focus on the shoreline evolution in an
area between a couple of groin structures. The investigated
area of shoreline evolution with a pair of groin structures is
enlarged in this research te include the groin system and
surrounding area. A more realistic shoreline evolution model
has been presented, which takes into account the wavelength
influence of breaking waves on groin constructions. The initial
condition setting approach and boundary conditions
techniques, as well as various groin structural impacts, are
discussed. A wave crest impact model and five wavelength
effects of breaking waves are introduced. Each year, the
coastline evolution is approximated using the classical forward-
time centered-space method and the unconditionally stable
Saulyev finite differential methods. The estimated impacts of
shoreline evolution were consistent with the wave crest impact
model for five case wavelengths. For assessing long coastline
evolution, the numerical models presented enable a reasonable
simulation. The efficiency of building a grein system on a
nearby beach might be predicted using the proposed modeling.

Index Terms—shoreline evelution, groin system, explicit
finite method, wave crest impact, mathematical model

I. INTRODUCTION

each erosion is a natural process by which local sea-

level rise, strong wave action, and coastal flooding wear
down or carry away rocks, soils, and sands along the beach.
In many countries, beach erosion is responsible for coastal
property loss, including damage to structures and loss of
land. This is a problem that causes a decrease in beach areas.
A groin structure was invented to prevent beach erosion and
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thus restore the beach. In [1], they proposed a new method
to practical groin modeling, which is explained through the
use of the GENESIS shoreline response model to examine
the effect of single and multiple groins. The study's
predictions are put to test in the replication of the shoreline
modification observed in the groin area of Westhampton,
Long Island, New York. In [2], They presented groynes-
constructed coir geotextiles in the shape of cocologs, as well
as the effects of positioning groynes at various angles to
determine the most capable setting for minimizing erosion.
The results show that a groyne angle of 1350 provides the
best protection.

Many authors have developed one-line theory, and
several contributors to the analytical solution of the
evolution of the shoreline include [3], [4], [5]. [6]. [7]. [8].
and [9]. Analytical solutions are usually useful for providing
qualitative insight and comprehending the characteristics of
long-term shoreline meodification. However, analytical
solutions have limitations. A numerical method of shoreline
evolution may be more relevant for the actual scenario than
an analytical solution because an analytical solution cannot
be anticipated to tackle problems with complicated
boundary conditions and wave inputs.

In [12], they presented a comparison of analytical
solutions and two numerical techniques of shoreline
evolution under idealized wave conditions for two case
shoreline scenarios. The two numerical methods are
Forward Time Centered Space techniques and Backward
Time Centered Space techniques. The results show that
Backward Time Centered Space techniques are more
appropriate than Forward Time Centered Space techniques
for simulating long-term shoreline change. In [13], [14],
[15], [16], [17], and [32], they approximated their model
solutions using conditionally stable explicit finite difference
methods. In [18], [19], [20], [21], [33], and [34], they
approximated their model solution wusing numerical
approaches. In [30], they introduced shoreline evolution
when a couple of groins were added. They use two
numerical methods to develop shoreline evolution. The first
numerical method is the classic forward time-centered space
method. The second numerical method is the
unconditionally stable Saulyev finite difference methods.

In [22], the purpose of this research is to generate a
practical, universal, and replicable chain approach that can
aid in comprehensively understanding the dynamics of a
coastal system, identifying typical and recurring erosion-
accretion processes, and prediction likely future trends
relevant to coastal activity planning. In [23], they proposed a
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one-line model idea, which has been used to achieve long-
term shoreline modeling as well as to aid and generate
stronger coastal engineering techniques for managing
erosion. The model was tested on Portugal's two northwest
coasts, Averro and Figueira da Foz. In [24], they proposed
using a longterm  morphological  dataset to
morphometrically characterize the evolution of the shoreline
along the Holland coast, from Den Helder to Hoek van
Holland, and to relate this to the evolution of the complete
littoral profile (1964-1992). In [25], they proposed that the
research results, in addition to assessing the effects of groins
on shoreline modification. serve as a precursor for initiating
appropriate mitigation measures to prevent future erosion
and instability of the coastline while maintaining the safety
and economic design of offshore, coastal, and port
structures. In [26], they proposed that the evolution of a
beach restoration project in Long Branch, NJ be examined
using the empirical orthogonal functions method (EOF). The
majority of EOF applications on beach fill projects have
been on classic linear fills on generally long, straight,
uninterrupted coastlines. The Long Branch project was
unusual in that it was conceived as a feeder beach and built
within a groin field. In [27], they proposed the comparison
of analytical and numerical solutions in the idealized wave
condition for four different shoreline situations.

In this research, a shoreline evolution model that takes
into consideration the wavelength effect of breaking waves
on groin structures is focused. We introduce a governing
equation for a one-dimensional shoreline evolution model,
initial conditions, and boundary conditions when a couple of
groins are added, a wave crest impact model, and five case
wavelength effects of breaking waves. Finite difference
techniques will be used to approximate the model solition.

II. GOVERNING EQUATION

A. Shoreline evolution model

In a one-dimensional shoreline evolution meodel, while
maintaining the same shape, the beach shape is supposed to
move towards land and towards the sea, meaning that all the
bottom outlines become parallel.

As a result of this assumption, the horizontal direction of
the baseline profile must be defined, and one contour line
should be used to specify changes to the design and volume
of the beach plane as the beach erodes and accumulates. The
model's main assumption is that sand is transported along
the coast on a profile between two well-defined limit
elevations. A contribution to the adjustment in volume
occurs where there is a discrepancy in the rate of longshore
sand transfer on the side of the segment and the related sand
consistency. The principles of conservation of mass must be
always adapted to the system. The following differential
equation for the evolution of the shoreline is generated by
considering the above concepts,

o 1[) O
(4

&t Dy+D. |\ ox

where x is the co-ordinate on the shores (m), y is the

location of the shoreline (m) and perpendicular to the x-axis,
t is time (day), O is the long-shore sand transport rate

(m*/day), Dj is the average height of the berm (m) and D,
1s the average depth of closure (m).

To solve (1), it was necessary to define a term for the
longshore sand transport rate ( Q ). This quantity is assumed

to have been obtained by the oblique wave occurring to the
shoreline. The US Army Corp has created a generalized
term for long-shore sand transport rate [10],

0=0,sin(2a,), @

where @, is the long-shore sand transport rate amplitude.

The general formula for the long-shore sand transport rate
amplitude is as follows [11],

K

Py K
% =16 )

16 @)

The angle between breaking wave crest impact angle and
local shoreline (e, ) can be written as,

a, :a‘,fnan’l{?], )
&x
where ¢, is the angle between breaking wave crests impact

angle and x-axis. In the case of shoreline with a slight slope,
it can be concluded that the angle of the wave breaking to
the shoreline is minimal.

Assuming that, sin(2e, ) ~ 2@, and tan™ [ﬂ} = (ﬁ] .
ox ox
By substituting (4), in (2), and assuming a shoreline with
a slight slope, we obtain,
Q:QO{za,,—zf’l’J. (35)
ax

by substituting (5), in (1), and ignoring the sources or
sinks along the shoreline provides the following:

=D+, (6)
ox”

forall (x.1)e(L,T) , where D= L2
Dy +D,

B. Physical parameters

The physical parameters of the model are illustrated in
Fig. 1-2. which are listed below.
a, is the angle between breaking wave crests impact angle
and x-axis.
0, is the long-shore sand transport rate amplitude.
D, is the averaged berm height.
D, is the averaged closure depth.
L is Alongshore.

T is the Time of simulation.
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Ay gy i) y
Beach

Fig. 1. Breaking wave crests impact angle

Shoreline

Mean water ++","."
Level

Fig. 2. Shoreline physical parameters

C. The initial and boundary conditions

Straight Impermeable groin system.

The initial shoreline is assumed to be parallel to the x-axis.

Assuming that, the angle between breaking wave crests
impact angle to the shoreline is @, as shown i Fig. 3. It
follows that the sand transport rate along the shoreline is
uniform. The groin i1s added instantly at x=0 are illustrated
in Fig. 3. These means that the initial condition becomes,

¥(x,0)=0, (7
boundary conditions are also assumed by,
M =—tan(a,) at x=0, (8)
ox
and
ay(L.1)

— —— =—tan(—¢,) at

dx

x=L, ©)]

Sea coast
Ocean wave

Wil

Groin

Shoreline

Fig. 3. Initial shoreline with configuration straight impermeable groins.

D. Wave crest impact model

Average
water level

(B3]

A

—H(xy)

Fig. 4. Water elevation and bottom topography.

The hydrodynamic model is introduced to obtain the
wave crest impact in the shoreline evolution model [28].

The two-dimensional unstable water flows into and out of
the seashore can be predicted using a system of shallow
water equations that account for mass and momentum
conservation. The equations of this method should be
derived from the vertical direction of the depth-averaging of
the Navier-Stokes equations, ignoring momentum diffusion
owing to vibration and excluding terms indicating the
effects of friction, surface wind, Coriolis factor, and shear
stress. The equation of continuity is then expressed as
follows:

o) A
ot ox ay

and the momentum equations are expressed as below:

- 2 1 L
o(uh) ”(”’“Eg”] a(mh)

Hrre— =l —— =0, (11)
ot ox oy
8 1’2h+lg}iz
a(uh)  &(wh) 2
et ——==0, (12)
ot ax av

where

h(x. y.t) is the depth estimated from the average water
surface to the seashore bed (m) h=H+&,

&(x,v.1)is the elevation of the water surface from the
average water level in the seashore (m),

H (x.y)is the interpolated bottom topography function of
the seashore (m),

u(x,v,t)1s the velocity in the direction of x (m/s),

v(x,1.7) is the velocity in the direction of v (m/s),

2 is a constant of gravity (9.8 m/s*).

Such tmme (f) , and two space coordinates, xand y are

the independent variables. Likewise, the conserved
quantities are mass, which is proportional to h, and
momentum, which is proportional to (#h) and (vh). The

partial derivatives are grouped into vectors (&x,0v.6f) and
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then rewritten as a partial differential hyperbolic equation
concerning the same term as follows:

s uh
U=|uh |, F(U)= u1h+%gh3 . (13)
Vi wh
vh
G(U)= uvh s (14)
vh+ Lgh}
2
the hyperbolic PDE:

oU OF(U) 8G(U)
—+ +
o ox o

=0. (15)

E. The initial and boundary condition for wave crest

impact model

The mitial condition of the reservoir was as follows: the
xand y velocity components were zero as well as the
water elevation: #=0,v=0and & =0.

Assuming that the breakwater is not a perfect barrier to
water as it is made of an aggregate of rocks with large gaps.

The  boundary  condition  was  as  follows:
wave

(Hu= O,% =0,&=f(x, 1) for coming,

(if) 2 2 Oy = O‘Oi =0 for left and right boundary,
ax ox
oy 0&

(i u=0—= O.O—' £ for along the  beach,
oy

(v)u= 0‘E =0, %5_0 for top groin structure, and
ov oy

() % =0,v= 0.0;' =0 for left and right groin structure.
21 x

The boundary conditions are illustrated in Fig. 5-6.

RO

Groi u=0v=0,
Groin
n E=0
T
4,:0,51:0,25:0
& 2

Fig 5. Initial and boundary conditions

Fig. 6. Imtial and boundary conditions for groin structure.

III. NUMERICAL TECHNIQUES

A Grid Spacing

We are discretizing (6) by splitting the interval [O,L into
M subintervals such as MAx =L and the interval |0,T ]
into N subintervals such as NAr=T7. We then
approximate V(¥,.7,) byy/. at the point X, =iAv and
t,=nAt, where 0<i<M and 0<n <N in which there
are positive integers of M and N .

B Traditional forward time centered space techniques

The forward time centered space techniques will also be
used. Consequently, the finite difference approximation
becomes [29],

Y=l (16)
[N s a7
o/ A, ¥ S—
& _ Yia — Vi (18)
ox 2A¢ 7
O3y Vi 2W + 30 as
o’ (Ax)’

where A= D—At, i
(Ax)’

By substituting (16) — (19), in (6), we obtain,

A D[J’,’L, - } (20)

i (Ax)’
for 1<i<M-land 0<n<N-1.From (20), we get an
explicit form of finite difference as follows:
P = Ayl (1-24) 3+ AV, (@3))
for 1<i<M-land 0<n<N-1.

C. An unconditionally Saulvev finite difference

techniques

The Saulyev finite difference techniques will also be
used. We can obtain that the finite difference approximation
is

y=y, (22)
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_ -y 23)
o At
Oy _ vy -yt 24)
o, 2
ox” (Ax)
where 4= DA": .
(Axy

By substituting (22) — (24), in (6), we obtain,
B A B Ve
At (Ax)’
for 1<i<M—land 0<n<N-1. From (25), we get an
explicit form of finite difference as follows:

(25)

, 1 . .
A ror AR PR T N

for 1€i<M-land 0<n<N-1.
D. Numerical technigues for the wave crest impact model
The finite difference technique:

U"“ ), A Fll+% 7Fn+12 At Gm% 7Gm§ @
4 i o L
3 3

Ax H%J sy Ay

E. The wave crest impact
The wave crest impact becomes

vix,y,.t
a(x,,yj,z) =tan” ('7%) X (28)
u(x,,yl,r)
the averaged wave crest lmpact is assumed by
Za(x”() f)

N,

a (t) = 29)

where N, is several wave crest impact sample points
along the shoreline.

F. The employinent of traditional forward time centered

space rechniquies to the left and the vight boundary

conditions

The forward time centered space techniques will also be
used. Consequently, the finite difference approximation
becomes,

Y=y, (30)
n+l
iy At G1)
or At
o = Vi = Wiy (32)
leas 2Ax
where 4= DA{ .
Ax)

By substituting (30) - (32), in (6), we obtain,

B n
:D[yHl 2Y Vg i (33)
(

Ax )2

n+l n

Vi ¥
At

For 1= 0, the substitution of the uncertain value of the left
boundary is approximated by the method of center
difference with the specified left boundary condition. We
obtain,

Moo= 2(Ax)(-tan (), G9)
by substituting (34), in (33), we obtain,
VT = (=243 + 24y, 24 (Av)(~tan(ap)).  (39)

For i = M. the substitution of the uncertain value of the
right boundary is approximated by the method of center
difference with the specified right boundary condition. We
obtain,

View = Vi +2(A%)(~tan (-, ). (36)
by substituting (36), in (33), we obtain,
W =24, +(1-24)y +24(Ar)(—tan(-a,)).  (37)

(33), and (37), could be used to approximate the values
y," of the solution domain grid points.

IV. WAVELENGTH SETTING TECHNIQUES
The simulation considers alongshore between groin are
illustrated in Fig. 7. Table 1 shows the consideration of
wavelengths. We assumed waves came in a function of
wavelength 0.5sin(f+Ax) .

S i L= ol 8BS
1 e — -
—_—  Groin

MR W
Groin —

(L e = 7 e~
——— PN
e e

|— Consider alongshore —|

Fig 7. Consider alongshore.

TABLEI
“WAVELENGTH SETTING

Simulation A Wavelength
1 0.01 0.5sm(r+0.01x)
2 0.02 0.5sm(r +0.02x)
3 0.03 0.5sm(f +0.03x)
4 004 0.5sm(r+0.04x)
5 005 0.5sm(r+0.05x)

We will employ the finite difference techniques to
approximate the wave crest impact model solution for
O.55in(.f+0.01x), 0.55ir1(.r+0.02x),

0.5sin(r+0.03x), 0.5sin (7 +0.04x) and
0.5sin(f+0.05x) .

model solutions for five case wavelengths are illustrated m
Fig.8-12. The approximated vector fields of velocities for
five case wavelengths are illustrated in Fig. 13-17.

wavelengths

The approximated wave crest impact
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i
— 150 I T ]
— 10 s0
Alongshore (m)
Alengshore (m} Fig. 12. Wave crest unpact in 15 years when wavelength
Fig 8. Wave crest impact i 15 years when wavelength 0.5sin(r+0.01x). 0.5sin(7+0.05x) .
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0.5sin(+ 0.03x) Fig. 14. vector field of velocities between groin when wavelength
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Fig. 15. vector field of velocities between groin when wavelength
0.5sin(r+0.03x) .
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TABLEIV
THE AVERAGED WAVE CREST IMPACT 15 YEARS WHEN WAVELENGTH 3
Time Min
(Years) 0-15 15-30 3045 45-60 60-75 75-90
1 03715 03653 03395 03541 03489  0.3440
5 0.1662 0.1767 0.1243 0.1347 0.1449 0.1550
10 0.0148 0.0093 00039 -00015 -00070 -0.0123
15 0.1732 0.1821 0.1910 0.2000 0.2091 0.2182
Time Distance(m)
(Years) 1365- 1380- 1395- 1410- 1425-
1380 1395 1410 1425 1440
1 0.1182 0.0881 0.1162 0.0782 0.0951
S, -0.1423  -0.1392  -0.1361 -0.1330 -0.1300
10 0.1488 0.1398 0.1276 0.1550 0.1307
15 -0.0660 -0.0623 -0.0586 -0.0550 -0.0514
TABLEV
THE AVERAGED WAVE CREST IMPACT 15 YEARS WHEN WAVELENGTH 4
Time Min

1207 S 1 11T ARAIANY (Years)  0-15 1530 3045 4560 60-75 7590
TR AN LN R
10} - R T ZR SRR ARASAN 1 00060  -0.0017 00026 00068 00110 00151
TR L (U e 5 04238 04291 04346 04403 -03833 -0.3894
P I PR PR R
RS Yl VY, 10 03286 03249 03213 03177 03142 03108
YNV RN 15 04203 -04178  -04781 04754 -04728 -0.4701
i R TNy Y o Distance(m)
L R R R E R RS E SRR (Years) 1365- 1380- 1395- 1410- 1425-
PomSSNANNNNSNN SRS AL 1380 1395 1410 1425 1440
e R R A R AR R AN 1 -02516 02551 02586 -0.2621 -0.2656
60 65 0 75 80 85 90 95 100
5 00892 -D0940 00360 -0.0408 -0.0454
Fig 17. vector field of velocities between grom when wavelength 10 02663 02698 02104 = 02139 = 02175
0 5sin(t+005v) . 15 -03283 02725 02801 -0,2880 -0.2960
Table 2-6 shows the averaged wave crest impact (a,) as —
obtained by (29). THE AVERAGED WAVE CREST IMPACT 15 VEARS WHEN WAVELENGTH §
TABLE IT Time Min
THE AVERAGED WAVE CREST IMPACT 15 YEARS WHEN WAVELENGTH 1 ARy ¢ e e b oo Bseo
Tirhee N, 1 01214 -0.1405 -0.1557 -0.1691 ~-0.1188 -0.1310
(ews) 015 B el I EL Ry S i) s 01536 01497 02085 02046 02006  0.1966
: 00ReS 4 004" 1977 e O ) Ty pq -l 2. 10 -00695 -00659 -00623 -00586 -00550 -00514
5 004007 TN A7 ° 0 ORAAREY -0.g01 15 00316 00913 00882 00850 00815 00786
10 00705 -00721  -0.0737  -00754  -0.0770 -00786 Distanca(m)
Time
15 00293 00284 00274 00264 00254 00244
i (Years) 1365-  1380-  1395- 1410 1425
%3 Distance(m) 1330 1395 1410 1425 1440
(Years) 1365-  1380- 1395 1410- 1425 1 02402 02359 02315 02271 02856
1380 1395 1410 1425 1440 5 03529 03504 03479 04084 04060
! 00379 3% OIEL dIP26 -0.0442 10 03659 -03637 03616 -03595 -03574
B 00496 -0.Ra0T TN 53 OIS 1830 15 03791 03757 03723 03690 03657
10 01472 01363 01881 01770 01658
15 01930 01961 01985 02003 02018 .
V. NUMERICAL EXPERIMENT
TABLE III In this section, the numerical results of the various beach
THE AVERAGED WAVE CRESTIMPACT 15 YEARS WHEN WAVELENGTH 2 scenarios are considered and the solution to the idealized
Time Min problem is introduced. Assuming, during the experiments,
(Yeas)  0-15 1530 3045 4560  60-75 7590  that the length of the shoreline considered is L = 100 m and
! 01817 02377 02309 02241 02802 02734 the averaged wave crest impact (@,) of five case
5 03973 04493 03794 04342 04231 04109 lengths. Table 2.6 sh @
ravi - i a1 a7 .
10 02747 02215 -02315 02418 01800 o13g5 vaveiengths. Table 2-6 shows the average wave crest
15 00364 00478 00037 -00077 00191 00323  impact of five case wavelengths. Table 7 shows the long-
e Distance(m) shore transport rate (D) [30]. The simulation setting is
(Vears) 1365 1380- 1395 1410- 1425 jllustrated in Fig. 18.
2 . . .
. 012525 0132;0 01:;::5 01;;357 013229 ‘We are going to employ the traditional forward time
e - i centered space techniques (15), and the Saulyev finite
> 01168 01154 01139 01124 01109 g o v techniques (20), to approximate the shoreline
10 01047 -0.1069 -0.1091 01114 -0.1136 i del a i :l'h pprox ted soluti
1s 02057 02040 03024 02000 01903  volution model solution. The approximated solutions are
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illustrated in Fig. 19-23. Table 8-17 shows the approximated Shoreline Evolution when Wavelength 2
i T
solutions.
8358
Sea coast 8358
Groin Groin E
= 8358
£ a5 -
E
J J J \lkk T 83579 4
2
Ea
8.3579)
57 ]
A _N 83579
Beach 49.9994 49.9996 49.9998 50 50.0002 50.0004 S0.0006
Alongshore(m)
L Shoreline Evol mi.’l \Ilen Wavelength 2
.
Fig. 18. Initial shoreline. : H\'"" ———
8 1
TABLE VI P 15 years
THE LONG-SHORE TRANSPORT RATE E 6—\"-.,___
Month D (m/day) g T
.
Tan 79,4659 3
Feb 62.1307 5
Mar 5.7869
Apr 61.4403 o
vears
May 5.6420 1 °
Jun 54716 H
1020 30 40 S0 60 70 80 90 100
Jul (o Alongshore(m)
Aug 83.071
Sep 121.7301 Fig 20. Shoreline evolution in 15 years when wavelength
Oct 372017 0.5sin(1+0.02x) .
Nov 96.5710
Shoreline Evolution when Wavelength 3
Dec 101.1233 o ;
Shoreline Evolution when Wavelength 1 12.5098
52803 - — - s - - = 7 = - r: o=
".:.S,,"YH, 12.5096,
- FICS B
£ 125094
5
- = 12500
£
£ 1250
! 5 12.5088
‘ i
12,5086, | 1
- 12,5084
12.5082 It i 1 it i
49994 49.996 49.998 50 50.002 50,004 50.006
g Alnng.sknn-[m)
S5 7 .91 996 B8 50 5007 5000 50.06 5008 501 ¥ Tharbio Bralutief Reom ot
Alongshore(m)
Shoreline Evolutiogf\vhen Wavelength 1
T — - - —— -
e, W ) 15 years
\‘“u--... o emeet
oy e | 2 LR
2 Z f
z B
=4 - 10 years ot
: g 5\_‘__‘_" '-—"/—r--)
w R 2 e T S
2, S years
1 F I R I I R T
Alongshore(m)
T S A R A i N I AT Fig. 21. Shoreline evolution in 15 years when wavelength
Alougshore(n) 0.55i(r+0.03x)

Fig. 19. Shorehine evolution m 15 years when wavelength
0.5sin(t+0.01x)
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Shoreline Evolution when Wavelength 4

i aulyev
5879, ; FTCS

. 5.8785 : 1

5878 : -

58775

5.877|

Shoreline Position (m

58765 -

49.98 49.985 49.99 49995 50 S0.005 50,01 50.015 50.02
Alongshore (m}

TABLE VIII
APPROXIMATED SHORELINE EVOLUTION ALONG 15 YEARS USING THE
TRADITIONAL FORWARD TIME CENTERED SPACE TECHNIQUES WHEN
WAVELENGTH 1

Time Distance(m)
(Years) 0 20 40 60 80 100
1 08609 03967 01801 01801 03967 08609
5 22665 18264 16152 16152 18264 22665
10 39788 36680 34335 34335 36680 39788
15 60537 55284 53113 53113 5584 60537
TABLEIX

APPROXIMATED SHORELINE EVOLUTION ALONG 15 YEARS USING THE

SAULYEV FINITE DIFFERENCE TECHNIQUES WHEN WAVELENGTH 1

Shoreline Evolutigh Yhen Wavelength 4 Time Distance (m)
7 T s T (Years) 0 20 40 60 80 100
. ¥FIC 1 08613 03969 01802 01800 03965  0.8606
- = umemes g S
} 5 22662 18588 16152 16152 18266 22667
5 15 years H 10 39783  3.6679 34334 34334 36679 39788
2N Smain
] I S U By g, I 15 60529 55280 53113 53113 55285 60538
=4
g
2 10 years TABLEX
53 y ey N
- B APPROXIMATED SHORELINE EVOLUTION ALONG 1 5 YEARS USING THE
£, — & 71 1 TRADITIONAL FORWARD TIME CENTERED SPACE TECHNIQUES WHEN
I WAVELENGTH 2
S years
1 T Time. Distance(m)
| (Years) 0 20 40 60 80 100
pUsitgy 0 J4d B0 R giegfl . o8 /100 1 12300 06412 02861 02861 06412 12300
Alongshore (m)
TR W 1Yo T % T 5 39256 30263 26466 26466 30263 39256
L el - S 10 64567 58539 55070 55070 58539 64567
S 28 15 97213 87855 84059 84059 87855 97213
Shoreline Evolution when Wavelength 5
TABLEXI

. R — == "
aulyey

3.0672 7 rroe 4‘

3.0672 | E— — I 3

-3.0672
a

tio)

|
.
£ 3.0672 4
|
.

Z 2.0672
& ] . |
£3.067 T
T s.00m 4
“ 30671 ey e - -

3.0671

30671 i

" , i H
9.9985 49.999 49.9995 50 50.0005 50,001 50,0015
Alongspre (m)

-

APPROXIMATED SHORELINE EVOLUTION ALONG 15 YEARS USING THE
SAULYEV FINITE DIFFERENCE TECHNIQUES WHEN WAVELENGTH 2

Shoreline Evolutign wWhen Wavelength §

4
i
v F—

15 years ! -

5 years

M ek
10 20 30 40 50 60 0 B0 90 100
Alongshore (m)

Time Distance (m)
(Years) 0 20 40 60 80 100
1 12304 06416 02863 02860 06409 12296
5 39260 30264 26295 26466 30262 39255
10 64566 58537 55068  5.5071 58540 64368
15 97219  §.7857 84060 84058 87853  9.7212
TABLE XIl

APPROXIMATED SHORELINE EVOLUTION ALONG 15 YEARS USING THE
TRADITIONAL FORWARD TIME CENTERED SPACE TECHNIQUES WHEN

WAVELENGTH 3
Time Distance(m)
(Years) 0 20 40 60 80 100
1 24426 10204 04643 04643 10204 24426
5 60495 48087 42833 42833 48087 60495
10 99512 90056 84521 84521 90056 99512
15 143340 130512 125716 125716 130512 143340
TABLE XIIT

APPROXIMATED SHORELINE EVOLUTION ALONG 15 YEARS USING THE
SAULYEV FINITE DIFFERENCE TECHNIQUES WHEN WAVELENGTH 3

Fig. 23. Shoreline evolution m 15 years when wavelength
0.5sin(t+0.05x)

Time Distance(m)
(Vears) 0 20 40 60 80 100
1 24427 10205 04644 04641 10201 24423
S 60495 48082 42831 42833 48088 60495
10 99518  9.0062 84522 84521  9.0054  9.9509

15 14.3339 130507 125714 125715 13.0513 143341
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TABLEXIV

Time Duration 5 years

Time Duration § years

e —Faniye]

APPROXIMATED SHORELINE EVOLUTION ALONG 15 YEARS USING THE
TRADITIONAL FORWARD TIME CENTERED SPACE TECHNIQUES WHEN 168}
WAVELENGTH 4 1.66
Time Distance(m) Ejm
(Years) 0 20 40 60 30 100 e Wavelenth 1
1 12192 06492 02962 02962 06492 12192 g Lo
5 25437 25297 22522 22522 25297 25437 158
10 55018 43970 41878 41878 43970 55018 I
15 58360 61114 59015 59015 61114 58860 Z154
Wavelength §
1.5
TABLE XV 15
APPROXTMATED SHORELINE EVOLUTION ALONG 15 YEARS USING THE i ;
SAULYEV FINITE DIFFERENCE TECHNIQUES WHEN WAVELENGTH 4 Tas 4 495 50 5 515
— — — Alongshore (m)
Time Distance (m)
(vears) 0 20 40 60 80 100 Fig. 25. Enlarge Between Wavelength 1 and Wavelength 5 at 50 m.
1 12190 06492 02962 02961  0.6490 12189
3 2.5443 25302 22521 22522 25295 | 25434 Time Duration 10 years
10 55016 43967 41881 41879 43972 55022 ST ‘
15 5.8859 61116 59013 59015  6.1115 58859
TABLE XVI g7
APPROXIMATED SHORELINE EVOLUTION ALONG 15 YEARS USING THE B
TRADITIONAL FORWARD TIME CENTERED SPACE TECHNIQUES WHEN 3 N B e et %
WAVELENGTH S S5ty Wavelength 4
£
Time Distance(m) H
g
(Years) 0 20 40 60 80 100 &3 Wavelengih 1 ]
1 11699 06231 02817 02817 06231 11699 2 ; 1
Wavelength 5
5 22472 17718 . 15839 | 15839 17718/ (22472 1 1
10 25173 24222 23866 23866 24222 25173 0
0 1w 20 30 40 50 [ 70 B0 90 100
15 34696 32305 30839 30839 32305 34696 Alongshore (m)
TABLEXVII Fig 26. Wavelength Comparisonsin 10 years.
APPROXIMATED SHORELINE EVOLUTION ALONG 15 YEARS USING THE
SAULYEV FINITE DIFFERENCE TECHNIQUES WHEN WAVELENGTH 3 Time Duration 15 years
Time Distance(m) Y ' Wavelength 3 i
(Years) 0 20 40 60 80 100 wANLY
1 11701 06235 02819 02816 06226 11696
5 22477 17722 15840 15837 17713 22466 Eol
e B2 4]
10 25165 24214 23861 2.3865 24226 25175 ] b
15 34704 32312 30841 30837 32299  3.4691 & Wavelength 4
A
£ - m———
We will compare the five wavelengths with time e Wavelength 1
d \ 114 — —
durations of 3, 10, and 15 years, as illustrated in Fig. 24-27. ¥
Wavelength 5

0 10 20 30 40 S0 60 70 B0 %0 100
Alangshore (m)

Wavelength 4

Wavelength 2

J
|

10 20 30 40 50 60 0 B0 90 100
Alongshore (m}

Wavelength 5

Fig. 24. Wavelength Compansons m 5 years.

Fig 27. Wavelength Comparisons in 15 years.

VI. DISCUSSION
In this paper, we considered the averaged wave crest
impact (a,) as obtained by (29) for five case wavelengths
as seen in Table 2-6. The long-shore transport rate (D) for
each month as seen in Table 7.

We used the numerical method, the traditional forward
time centered space techniques, and the Saulyev finite
difference techniques to predict the shoreline evolution for
five case wavelengths with time duration of 5, 10, and 15
years.

The approximated shoreline evolution for wavelength
0.5sin(f+0.01x) with a time duration of 15 years is seen in
Table 8, 9, and Fig. 19. The farthest distance from the
shoreline evolution is 6.0537 m. The shortest distance from
the shoreline evolution is 5.2833 m.

Volume 49, Issue 3: September 2022

110



TAENG International Journal of Computer Science, 49:3, IJCS 49 3 07

The approximated shoreline evolution for wavelength
0.5sin(#+0.02x) with a time duration of 15 years is seen in
Table 10, 11, and Fig. 20. The farthest distance from the
shoreline evolution is 9.7219 m. The shortest distance from
the shoreline evolution is 8.3579 m.

The approximated shoreline evolution for wavelength
0.5sin(#+0.03x) with a time duration of 15 years is seen in
Table 12, 13, and Fig. 21. The farthest distance from the
shoreline evolution is 14.3339 m. The shortest distance from
the shoreline evolution is 12.5092 m.

The approximated shoreline evolution for wavelength
0.5sin(7+0.04x) with a time duration of 15 years is seen in
Table 14, 15, and Fig. 22. The farthest distance from the
shoreline evolution is 6.4928 m. The shortest distance from
the shoreline evolution is 5.8776 m.

The approximated shoreline evolution for wavelength
0.5sin (¢ +0.05x) with a time duration of 15 years is seen in
Table 16, 17, and Fig. 23. The farthest distance from the
shoreline evolution is 3.4704 m. The shortest distance from
the shoreline evolution is 3.0672 m.

The approximated shoreline evolution for five case
wavelengths with time durations of 5, 10, and 15 years is
seen in Fig 24, 25, 26, and 27 respectively.

The approximated shoreline evolutions of both numerical
approaches within five wavelengths of the considered
shoreline are compatible.

VII. CONCLUSION

A more realistic shoreline evolution model was created in
this research to adjust for the wavelength influence of
breaking waves on groin construction. The initial condition
setting approach and boundary conditions techniques, as
well as various groin structural impacts, are discussed. Each
year, the shoreline evolution is approximated using the
conventional forward time centered space method and the
unconditionally stable Saulyev finite differential methods.
The estimated impacts of shoreline evolution were
consistent with the wave crest impact model for five case
wavelengths. As a result, the frequency of the wavelength
influences the approximated shoreline evolution rate. In
most cases, when the frequency of wavelength increases, the
approximated shoreline evolution that obtains shoreline area
also increases, but in some cases, when the frequency of
wavelength increases, the approximated shoreline evolution
has shoreline area obtained less. The approximated shoreline
evolution is uncertain at different frequencies of
wavelengths. The proposed modeling could be used to
forecast the effectiveness of constructing a groin system on
anearby beach.
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A Combination of A Shoreline Evolution Model
and A Wave Crest Model on T-Head Groin
Structures With the Breaking Wave Effect

Pidok Unyapoti, Nopparat Pochai

Abstract—Beach  erosion is a naturally occurring
phenomenon that occurs when the transfer of material away
from the beach is not balanced by the deposit of new material
on the shoreline. Beach erosion have always existed and have
influenced the shoreline shape. This is a problem that
contributes to the loss of shorelines. Structures invented to
prevent beach erosion, such as seawalls, groins, and
breakwaters. To avoid coastal erosion and sedimentation, a
groin and a sea wall were constructed. Shoreline evolution
analysis is being used to research the future topography of the
beach. Beach erosion and beach deposition research requires a
qualitative analysis of the model shoreline behavior with
respect to the driving process. In this research, we focus on the
effects of the T-head groin structure on shoreline evolution.
The average wave crest impact is analyzed for eight sizes of T-
head groin construction. An initial condition setting technique
and boundary conditions techniques, as well as the structural
impacts of the T-head groin, are discussed. Each year, the
shoreline evolution is approximated using the traditional
forward time centered space techniques and the
uncenditionally stable Saulyev finite differential techniques.
The calculated impacts of shoreline evolution for eight
different T-head groin sizes were consistent with the wave crest
impact model.

Index Terms— shoreline evolution, T- head groin system,
explicit finite method, wave crest impact, mathematical model

I. INTRODUCTION

Beach erosion is a naturally occurring phenomenon by
which local sea-level rise, strong wave action, and
coastal flooding wear down or carry away rocks, soils, and
sands along the beach. Beach erosion and aceretion have
always existed and have influenced the cwrent shoreline's
shape. In many countries, beach erosion is responsible for
coastal property loss, including damage to structures and
loss of land. This is a problem that contributes to the loss of
shorelines.

Nowadays, various construction structures are being
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invented to prevent beach erosion, such as seawalls, groins,
breakwaters, etc. In this paper, we focused on the groin
structure in the shape of the T-head groin.  They
demonstrated a novel approach in [1] that combines citizen
science with low-cost unmanned aerial vehicles to generate
swrvey-grade morphological data that can be used to model
sediment dynamics at event to annual scales. The high-
energy wavedominated coast of Victoria in south-eastern
Australia serves as a field laboratory for testing the
reliability of our protocol and developing a set of indices for
studying multi-scale erosional dynamics. In [2], they
presented sediment transport and erosion-deposition patterns
near a detached, low-crested breakwater protecting Carey
Island's cohesive shore in Malaysia. Their study found that
the conductivity of the breakwater structure is essential to
reducing erosion issues on Carey Island's cohesive coasts
and to the effectiveness of mangrove rehabilitation
nitiatives in the area. In [3], they predicted the most likely
total water level scenarios that result in overtopping at
Santos Bay beaches and examined overtopping events in
2016. The prediction shows that the wider and flatter
profiles in the western portion of Santos and Itararé provide
greater protection from storm events, while the steeper
eastern stretch of Santos Beach is more vulnerable to
overtopping events. Their research focuses on beaches in
Santos and So Vicente (So Paulo, Brazil). A seawall
surrounds the entire 7 kilometer stretch of shoreline. In [4],
they presented a study on the effect of groin application on
shoreline erosion. Bathymetry and topography data from the
north beach of Balongan, West Java, were used in the
procedure. GENESIS software was used to model the
coastline change caused by groin installation. They
concluded that in the research area of west Java's north
beach, an I-groin with a length of 70 meters and a T-head
groin with a length of 60 meters efficiently overcomes
erosion and advances the shoreline by 6,3 meters.

Many authors have developed one-lime theory, and
several contributors to the analytical solution of the
shoreline evolution include [5], [6], [7], [8], [9]. [10], and
[11]. Analytical solutions cannot be expected to provide
quantitatively = precise solutions to situations with
complicated boundary conditions and wave inputs. In the
case of complicated boundary conditions and wave inputs, a
numerical model of shoreline evolution would be more
fitting than analytical solutions. A numerical model of
shoreline evolution would be more fitting in the actual case.

In [12], [13], they have examined and presented two
numerical schemes of shoreline evolution for simplified
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configuration beach. In [14], [15], [16], [17], [18], they have
used the conditionally stable explicit finite difference
methods to approximate their model solutions. In [19], [20],
[21], they have used the numerical methods to approximate
their model solution.

In [22], they proposed the Equilibrium energy function
(EEF) analytical method and the shoreline evolution model.
Testing of the proposed model at Nova Icaria reveals the
same capabilities with only one measurement parameter as
state-of-the-art models with more than 4 free parameters. In
[23], a basic coastline profile model behavioral template was
proposed to be calibrated and tested against a 6-year
coastline location time series derived from a shoreline
imaging system on the Gold Coast, Australia. Monitoring
the model on unknown data shows that it can reproduce the
dominant different seasons coastline transition observed at
this site and up to 77% of the degraded coastline variability.

In this paper, we introduce a one-dimensional shoreline
evolution model, wave crest impact model to obtain the
breaking wave crest, the initial condition, and boundary
conditions setting when T-head groins structure is added,
eight lengths of considered T-head groins. The model
solution will be approximated using finite difference
techniques. We are focused on predicting the efficiency of
T-head groin structure on shoreline evolution.

II. GOVERNING EQUATION

A. Shoreline evolution model

In a one-dimensional shoreline evolution model. all of the
bottom outlines should become parallel while the beach
form remains constant and moves toward the land and the
sea. Consequently, as the beach reduces and increases, so
should be doing the design and volume of the beach level.
Sand is moved along the shore on a profile between two
clearly specified lunit heights, which is the medel's core
idea. Where there is a difference between the rate of
longshore sand transfer on the side of the segment and the
associated sand condition, the adjustment in volume is
affected. The laws of mass conservation must regularly be
modified for the system [24]:

2

& _ 0y
= =5 (1
ét o )
forall (x,t)e(L.T) . where D = & .
Dy +D.
where x is the alongshore coordinate (m), y is the

shoreline positions (m) and perpendicular to the x-axis, f is
time (day), @, is the long-shore sand transport rate
amplitude (m*/day), D; is the average berm height (m) and
D, is the average closure depth (m).

B. Shoreline evolution parameters

The physical parameters of the shoreline evolution model
are illustrated in Fig. 1-2. which are listed below.
a, is the angle between breaking wave crests impact angle
and x-axis.
0, is the long-shore sand transport rate amplitude.

D, is the average berm height.
D is the average closure depth.

L is the length of alongshore.
T is the Time of simulation.

ag ag Qy )
Beach

Fig. 1 Breaking wave crests impact angle when the beach 1s parallel to the
X-axis

Mean water ++,",
Level

Fig. 2. Shoreline evolution parameters

C. The initial and boundary conditions for the shoreline
evolution model
We assumed the initial beach to be parallel to the x-axis.
Assuming that, the angle between breaking wave crests
impact angle and the shoreline is &, . It follows that the sand
transport rate along shoreline is consistent. The T-head groin
is added on both side at x=0 and x=L are illustrated in
Fig. 3. Under this assumption, the initial condition becomes

»(x,t)=0, at r=0, @)

boundary conditions are also assumed by,

ov(x.t
M =—tan(a,) at x=0, 3)
ox
and
oy(x.1
UCUN o 2V 0 S o
Sea Coast Ocean wave
Groin Groin
¥ W v
T~ T —_~—
T~ — T — —~—_~
—~_ —~— T T~ ™~
Q B —
Shoreline Beach

Fig. 3. Initial shoreline with configuration T-head groins.
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D. Wave crest impact model

Average
water level

Seashore
bed

Fig 4. Water elevation and bottom topography.

To achieve the wave crest impact in the shoreline
evolution model, the hydrodynamic model 1s introduced
[25].

A system of shallow water equations that takes into
account momentum and mass conservation can be used to
determine the two-dimensionally unstable water flows into
and out of the coastline. The equations for this method
should be derived from the depth-averaged Navier-Stokes
equations in the vertical direction, omitting out the variables
for the effects of friction, surface wind, Coriolis factor, and
shear stress as well as the momentum diffusion caused by
vibration. The equation of continuity is then expressed as
follows:

ot éx ay
and the momentum equations are expressed as below:

Ntor® Skt
&(uh) D(rth+fgh) a(uvh)

0, %)

= P L R 6
&t 1 &x { ay ()
AN
o[ v2h 4= e
AN 0(1 h+—g )
oty 2w NG ) o
ot &x &y

where
h(x,3,1) is the estimated depth from the average water
surface to the seashore bed (m) h=H +&,
;E(x,yJ) is the elevation of the water surface above the
average seashore water level (m).
H(x,y)is the seashore's interpolated bottom topography
function (m).
u(x,v,1)is the velocity in the direction of x (m/s),
v(x,y.t) is the velocity in the direction of y (m/s),
g is a gravity constant (9.8 mfs* )

Such time (¢), and two space coordinates, xand y are

the independent variables. Likewise, the conserved
quantities are mass, which is proportional to h, and
momentum, which is proportional to (uh) and (vh). As

taken with respect to the same term, the partial derivatives

are grouped into vectors (&x,8v,0t) and then rewritten as a

partial differential hyperbolic equation as follows:

i uh
U=|uh|.F(U)= u1h+%gh1 , @
v wvh
vh
G(U)= uvh . 9
‘\’2]P+%gh:
the hyperbolic PDE:
%) or(U) oG(U
oU 2E(D), 26W) (10)
or ox oy

E. Theinitial and boundary condition for wave crest

impact model

The initial condition of the shoreline was as follows: the
xand y velocity components, as well as the water
elevation, were all zero: =0,y =0and £=0

Assume that the T-head groin is not a perfect water
barrier because of its rock composition, which has large
gaps. Under this assumption, the boundary condition was as

follows: (Du= 0.? =0.£= f(x.y.t) for wave coming,

ov
(if) % =0,v= O,O—; =0 for left and right boundary,
ax ox
(i) u=0, (:l = 0‘0—; =0 for along the beach,
oy oy
- av o0& .
()u=0,—=0,—==0 for top T-head groin structure,
& o
(Mu=0, ?‘— = 0‘6—; =0 for bottom T-head groin structure,
O
ou fo) ’ .
and (vi) —=0,v=0,—=0 for left and right T-head groin
ax ox

structure. The boundary conditions are illustrated in Fig. 5-
A

w=0,2-0.£=f(x5)
GV

l

Groin Groin

Fig. 5. Initial and boundary condition.
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Fig. 6. Initial and boundary condition for T-head groin structure (1).

Fig 7. Initial and boundary condition for T-head groin structure (2).

ITI. NUMERICAL TECHNIQUES

A, Grid Spacing

We are discretizing (1) by splitting the interval [0,L] into
I subintervals such as JAx= L and the interval [0,T] into
N subintervals such as NAr=7. Then we approximate
¥(x.,t,) by»", at the points x, =iAv and 7, = nAr, where
0<i<] and 0<n <N arepositive integers of 7 and N .

B. Traditional forward time centered space techniquies

The forward time centered space techniques will also be
used. We can obtain that the finite difference approximation
is [26],

YEY. 1)
@:y:‘“_yvn (17)
o, W Vi
- by W)

2 = J’Hlo Yia . (13)
ox 2Av
&y _ v+l
e (14)
ox (Ax)
where 4= DA!, .
(Axy

Substituting (11)—(14), in (1), we are obtaining,

n ey
:D[yﬁ'l y{ +y{—1 }‘ (15)

(ax)’

for 1<i</—land 0<n< N-1.(15), can be written in
an explicit form of finite difference as follows,
VP = Ayl (1= 24) 5 v, (16)
for 1<i</-land 0<n<N-1.
C. An unconditionally Saulvev finite difference
techniques

The Saulyev finite difference techniques will also be
used. We can obtain that the finite difference approximation
is

yers 17
v _yr-w 8)
o A
R P Vi P Y
I 5 (19)
ox (A‘c)
where 4 = DA{ .
(&)
Substituting (17) - (19),1n (1), we are obtaining,
n4l el o o n+l n+l
YW Lp|YmE *J’,1 ¥ | (20)
at (ax)

for 1<i<I—land 0<n< N-1. (20), can be written in
an explicit form of finite difference as follows,

n+l 1

<= m("i o+ (I=A)y + ),

@n

for 1<i</-land 0<m<N-I.
D.  Numerical method for the wave crest impact model
The finite difference technique is
1 1 i 1
gt Lyt 280 g | LA 67 £6™ | a2y
4 gy *3d =5
E. The averaged wave crest impact
‘We can determine that the wave crest impact is

v(x, v .t
af(x,,y",.r) :tan’l[u} (23)
u(x.v.1)
We assume that the averaged wave crest impact is
assumed by
Ne
> a(x,.0.1)

a, (1) =2 24)

NP
where NV, is several sample points along the shoreline for
wave crest impact.
F. The application of finite difference techniques to the
left and right boundary conditions

The forward time centered space techniques will also be
used. We can obtain that the finite difference approximation
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is,
Y=y, (25)
ntl _ on
LU Sl (26)
ot At
24 = Y " Vi . @n
ox 2Ax
where 4= LA

= .

(Ax)
Substituting (25) - (27), in (1), we are obtaining,
L I P S T
At (Axf "

(28)

We approximated the substitution of the uncertain value
of the left and right boundaries by using the center
difference with the specified left and right boundary
conditions.

For the left boundary i = 0, we are obtaining,

¥y =37 —2(Ax)(~tan (). (29)
substituting (29), in (28), we are obtaining,
W= (1-24)3] + 247, - 24(Ax) (< tan(a, ). (30)
For the right boundary i =1, we are obtaining,
Vi =¥ 2(A) (- ten (). 61
substituting (31), in (28), we are obtaining,
W =24yl +(1-24)y] +24(Ax)(—tan (), (32)

(30), and (32), could be used to approximate the values
y!" of the solution domain grid points.

IV. GROIN SETTING TECHNIQUES
We will consider eight lengths of considered T-head groin
is 16, 18, 20, 22, 24, 26, 28, and 30 m. The consideration
alongshore is illustrated in Fig 8.

Ocean wave

GII]in u u J' Grfiu

T} [~ |~
T~ |~ |
f*\_//\/_\_/—\_/

Consider alongshore

Fig. 8. Consider alongshore.

For eight lengths of the T-head groin that are being taken
into consideration, the approximate wave crest impact
model solution will be approximated using finite difference
methods (22) are illustrated in Fig.9-16.

Alongshore (m)

Fig. 9. Wave crest impact 1n 9 yvears when T-head gromn 16 m.

- o i . "1

i X — 0
e e
PRy

Alongshare (m)

Fig. 10. Wave crest impact in 11 years when T-head groin 18 m.

Alongshore (m)

Fig. 11. Wave crest impact in 15 years when T-head groin 20 m.

Alongshore (m)

Fig. 12. Wave crest impact in 13 years when T-head grom 22 m.
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Table 1-8 shows the averaged wave crest impact (&)
obtained by (24) for eight lengths of the considered T-head

groin.
TABLEI
THE AVERAGED WAVE CREST IMPACT 9 YEARS WHEN T-HEAD GROIN SIZE
16M
Time Minute
(Years) 0-15 15-30 3045 45-60 60-75 75-90
1 0.2635 02054 0.2100 02145 02189 0.2232
. P 5 02645 02624 02604 02584 02564  0.2543
e r Ry 150
0 e 100 9 0.0264 0.0223 0.0181 0.0138 0.0093 0.0046
5 0 : Minute
Time
AIONZIOCe (N 1365- 1380- 1395- 1410- 1425-
(Years)
1380 1395 1410 1425 1440
Fig 13. Wave crest impact m 20 years when T-head groin 24 m. 1 06192 -05621 -05047 -05098 -0.3890
5 0.0661 0.0633 0.0604 0.0575 0.0545
9 0.3304 03267 0.3859 0.3823 0.3786
TABLEII
THE AVERAGED WAVE CREST IMPACT 11 YEARS WHEN T-HEAD GROIN SIZE
18M
Time Minute
(Years) 0-15 1530 3045 4560 6075 75-90
1 -0.0830  -0.0677 -0.0526 -0.1004 -0.0856 -0.0708
5 0.1572 0.1530 0.1488 0.1446 0.1404 0.1361
10 -0.1413 -0.1425 -02584 -0.0550  0.0099 0.1341
11 -0.0119  -0.0652 -0.0557 -0.0462 -0.0994 -0.0896
Minute
Time 5
(Years) 1365~ 1380-  1395- 1410  1425-
1380 1395 1410 1425 1440
Alongshore (m)
1 ¢} -0.4803  -04885 -04339 03791 -03242
5 5
Fig 14. Wave crest impact in 20 years when T-head groin 26 m. 90500 9 0088 \ 0053 (047 R0.0461
1o 03557 03561 03564 03568 03572
11 i -0.4077 -04091 -04107 -04123 -04769
TABLE IIT
THE AVERAGED WAVE CREST IMPACT 15 YEARS WHEN T-HEAD GROIN SIZE
20M
Time Minute
(Years) 015 1530 3045 4560 6075  75-90
1 03146 0.3102 0.3052 0.2990 0.2906 0.3429
5 03369 03351 0.3333 03311 03284 0.3255
10 0.1009 0.1625 01610 0.1594 0.1577 0.1559
15 -0.4382 -03815  -0.3875 03306 02735 -02165
/{z-/)fsﬂ Time Mimte 5
- 100 (Years) 1365- 1380- 1395- 1410- 1425-
1380 1395 1410 1425 1440
Alongshore (m) 1 -0.2437  -0.1238 -0.1295 -0.0096 -0.0154
5 0.1439 0.1422 0.1405 0.1388 0.1370
Fig 15. Wave crest impact in 20 years when T-head groin 28 m. 10 00145 0.0125 00104 00084  0.0062
15 0.2597 0.2581 0.2566 02551 0.2536
TABLETV
THE AVER&ED WAVE CREST IMPACT 13 YEARS V\_’I{EN T-HEAD GROIN 22 M
Time Minute
(Years) 0-15 15-30 3045 45-60 60-75 75-90
1 -0.2305 -0.1621  -0.1569 -0.1521 -0.1476 -0.1436
5 0.1447 0.1365 0.1287 0.1844 01782 0.1736
10 -0.0869 0.0900 0.1422 0.2579 03114 0.3654
13 0.1755 0.1749 0.1741 0.1733 0.1723 0.2340
Minute
Time %
(Years) 1365- 1380- 1395- 1410- 1425-
1380 1395 1410 1425 1440
1 s -0.3895  -0.3405 -0.3536 03033 -02524
Alongshore (m) 5 RS 00922 00925 00928 00931 00934
10 03630 0.3630 03631 03631 03632
Fig. 16. Wave crest impact m 20 years when T-head gromn 30 m. 13 i 04394 04358 04324 04291 04260
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TABLEV

THE AVERAGED WAVE CREST IMPACT 20 YEARS WHEN T-HEAD GROIN SIZE Time 1365. 133$ ﬁmmﬁpsi 1410- 1205.
24 M (Years) - 1380 1395 1410 1425 1440
Time Minute 1 05101 04583 04694 04804 04283
Qexrs) 015 U L e o B o CR e 5 04199 04210 04222 04235 04248
1 02364 02312 0.2260 0.2837 0.2785 02734 10 04248 -04256 -04266 04276 -04286
5 06124 0.6008 0.5904 0.5802 0.5703 0.5607 15 04115 04115 04114 04115 04116
10 -0.3096 03150 -0.2575 -02628 02680 -0.1474 20 04275  -04266 -04258 04251 -04244
15 03091 02975 03488 04002 03888 04403
20 03199 03810 03794 -03778 013763 -04377 V. NUMERICAL EXPERIMENT
&1&1:2) 1365, 13501\71111.!.\&13957 Ta10. 1495 In t]_1is section, the nu_mcrical results of ‘rh; various beach
1380 1395 1410 1425 1440 scenarios of T-head groin structure are considered, and the
1 00385 00926 01468 01381 012903  solution fo the idealized problem is introduced. Assuming,
5 02496 02483 02470 02458 02445  during the experiments, that the length of the shoreline (L)
10 03180 -0.3202 03224 03246 -03268 under consideration is 100 m and the averaged wave crest
15 03869 03849 03829 03809 03790 = jmpact (@,) for eight T-head groin sizes. Table 1-8 shows
20 02951 -02964 -02977 02991 -03004 : . .
the averaged wave crest impact of eight T-head groin
TABLEVI structure sizes. Table 9 shows the long-shore transport rate
"THE AVERAGED WAVE CREST M"Af: i? YEARS WHEN T-HEAD GROINSIZE () [27]. The simulation setting is illustrated in Fig. 17.
Time Minute
(Years) 015 1530 30:45 4560 | 6075 7590 4 Occan wave
1 02234 01599 02219 -02211  -02201 02190 G'f“’ WA Groin
5 201300 -01251 01206 -0.1163  -0.1122 -0.0454
10 02985 -02936 -02888 -02842 -02797 -02753
15 06864 07542 07602 07676 07130 05957
20 03344 03335 03324 03311 03926 03912
QK
(Vears) 1365-"-—1380-; | 1395  [410- - 1475 A 2\
1380 1395 1410 1425 1440 o
1 03617 02390 02425 01210 01255 Beac
5 01702 01719 01736 01754 01771 L
10 -0.0298  -0.0289  -0.0280 -0.0272  -0.0263
15 01829 01846 01862 0.1879  0.1896
20 101046 -0.1028  -0.1010  -0.0993  -0.0977 Fig. 17 Iuitial shoreline.
TABLEIX
THE AVERAGED WAVE CREST m-[l;‘i]gTL]ZEO\\_(I;ZARS WHEN T-HEAD GROIN SIZE T SONE PHOREIRANSPORT BATE
ol Month D (m/day)
Time __ Minute :
(Yeawrs) 015 1530 3045  45-60  60-75  75-90 Ja 794659
Feb 621307
1 02891 03499 03478 03457 03436 03415 Mar 57869
E 03573 04161 04121 04080 ~ 04040 04000 Apr 614403
10 04099 04122 -04145 -03541 03567 -02965 1:[&9’ gj‘ﬁg
15 02809 02764 02720 03304 03260 03216 J‘l‘u“ by &
20 05731 -05733 05735 05738 05742 06375 A8 33.071
Time Minute Sep 1217301
(vears) 1365  1380-  1395- 1410 1425- Oct 372.017
1380 1395 1410 1425 1440 Nov 96.5710
1 00372 -0.0400 -00428 00173 00146 Dec 101 1533
5 02837 02812 02788 02764 02740
10 102584 02628 -02672 02716 -0.2760 We are going to employ the traditional forward time
15 04681 04643 04606 04570 04534  centered space techniques (FTCS) (16). and the Saulyev
20 _0.1795 -0.1837 -0.1879 -0.1921  -0.1963 finite difference techniques (21), to approximate the
TARLE T shoreline evolution model solution are illustrated in Fig. 18-
THE AVERAGED WAVE CREST IMPACT 20 YEARS WHEN T.HEADGRODvSizE 25~ 1able 10-25 shows the calculated results.
30M
Time Minute
(Years)  0-15 1530 3045  45-60 6075 75-90
1 00787 00682 01205 01100 00995 01519
5 04851 04890 04296 04322 04338 04341
10 03801 -03713 -03625 -04168 04086 -04013
15 04475 05016 04929 04842 05385 05928
20 01901 -01795 -01690 -02213 02110 _-02007
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Shoreline Evolution with Groin size 16 m

Shoreline Evelution with Groin size 20 m
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Fig. 18_ Shoreline evolution in 9 years when T-head Groin size 16 m.

Fig. 20. Shoreline evolution in 15 years when T-head Groin size 20 m.
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Fig 19. Shoreline evolution in 11 years when T-head Groin size 18 m.

Fig. 21. Shoreline evolution 1n 13 years when T-head Groin size 22 m.
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Shoreline Evolution with Groin size 24 m

Shoreline Evolution with Groin size 18 m
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Fig 22. Shoreline evolution in 20 years when T-head Groin size 24 m.

Fig. 24 Shorehne evolution in 20 years when T-head Groin size 28 m
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Fig. 23. Shoreline evolution in 20 years when T-head Gron size 26 m.

Fig. 25. Shoreline evolution in 20 years when T-head Groin size 30 m
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TABLEX
APPROXIMATED SHORELINE EVOLUTION ALONG 9 YEARS USING THE
TRADITIONAL FORWARD TIME CENTERED SPACE TECHNIQUES WHEN T-
HEAD GROIN SIZE 16 M

Tune Distance(m)
(Years) 0 20 40 60 50 100
1 28710 14100 06302 06302 14100 28710
5 95859 77058 67258 67258 77058 95859
9 159610 140431 130345 130345 140431 159610
TABLEXI

APPROXIMATED SHORELINE EVOLUTION ALONG 9 YEARS USING THE

SAULYEV FINITE DIFFERENCE TECHNIQUES WHEN T-HEAD GROIN SIZE 16 M

TABLEXVII
APPROXIMATED SHORELINE EVOLUTION ALONG 13 YEARS USING THE

SAULYEV FINITE DIFFERENCE TECHNIQUES WHEN T-HEAD GROIN SIZE 22 M

Time Distance(m)
(Years) 0 20 40 60 80 100
1 24578 11770 05173 05169 11763 24574
5 §7940 70079 60628 60629 70079  §7940
10 171735 149311 13942 139417 149306 171728
13 215774 195868 186117 186116 195870 215786
TABLE XVIII

APPROXIMATED SHORELINE EVOLUTION ALONG 20 YEARS USING THE

Time Distance (m) TRADITIONAL FORWARD TIME CENTERED SPACE TECHNIQUES WHEN T-
(vears) o 20 40 60 80 100 HEAD GROIN SIZE 24M
1 28718 14107 06305 06300 14094 28701 ‘T{““ Distance(m)
5 95850 77059 67259 67260 77050 95860 L oA 0 b 40 60 80 100
9 159615 140435 130346 130345 140429 159609 } 10972 05544 02391 02391 05544 10972
5 32598 23726 20848 20848 23729  3.2598
TABLE XTI 10 4285 41421 39454 39454 41421 4285
APPROXIMATED SHORELINE EVOLUTION ALONG 11 YEARS USING THE “
TRADITIONAL FORWARD TIME CENTERED SPACE TECHNIQUES WHEN T- SE9T6 6014 S57300R N6 6014 68976
HEAD GROIN SIZE 18 M 20 78626 76623 74815 74815 76623 78626
T Disacolly TABLE XIX
ears, 2
(reay ° 20 40 o a0 104 APPROXIMATED SHORELINE EVOLUTION ALONG 20 YEARS USING THE
1 2443312654 | 05617  0.5617 (12654 24433 SAULYEV FINITE DIFFERENCE TECHNIQUES WHEN T-HEAD GROIN SIZE 24 M
5 85988 69462 60354 60354 69462 835988 Time Distance(tm)
10 163731 142624 133619 133619 142624 163731 (Years) 0 20 40 60 80 100
11 172722 156527 147912 147912 156527 172722 1 10975 05547 02392 02389 0554 10968
TABLE XTI & 32607 23731 20852 20848 23724 32596
APPROXIMATED SHORELINE EVOLUTION ALONG 11 YEARS USING THE 10 42846 41417 3945 39455 41424 42851
SAULYEV FINITE DIFFERENCE TECHNIQUES WHEN T-HEAD GROIN SIZE 1§ M 15 63987 60147 5751 57506 60137 63975
Time Distance (m) 20 78674 76618 74811 74815 76626 78627
(Years) 0 20 40 60 80 100
1 24436 12659 05619 05615 12649 24427 pu TABLEXX .
ROXIMATED SHORELINE EVOLUTION ALONG 20 YEARS USING THE
5
SgRsg o6l 16.0333 1 16.0358, B £ 346) RO, TRADITIONAL FORWARD TIME CENTERED SPACE TECHNIQUES WHEN T-
10 163738 142626 133621 133618 142622 16371 HEAD GROIN SIZE 26M
11 172720 156525 147911147912 15653 17274 FY Distance(m)
L X (Years) 0 20 40 60 50 100
APPROXIMATED SHORELINE EVOLUTION ALONG 15 YEARS USING THE
TRADITIONAL FORWARD TIME CENTERED SPACE TECHNIQUES WHEN T- 1 14976 0.5985 02596 02596 05985 = 14976
HEAD GROIN SIZE 20 M 5 43015 33562 29214 29214 33562 43015
Time Distance (m) 10 76055 68702 64288 64288 68702  7.6055
(Years) 0 20 40 60 30 100 15 116917 106384 101618 101618 106384 116917
% 22494 11606 05209 05209 11606 20494 20 151301 143789 13922 13922 143789 151301
5 74274 58894 51479 51479 58894 74274 - A
10 XX
132267 117631 110379 110379 117631 132267 bl o8 e oL ToiaLonG e USING THE
15 192122 176409 168916 168916 176409 192132 = SAULYEV FINITE DIFFERENCE TECHNIQUES WHEN T-HEAD GROIN SIZE 26 M
TABLE XV Time Distance(m)
APPROXTMATED SHORELINE EVOLUTION ALONG 15 YEARS USING THE (Vears) 0 20 40 60 30 100
SAULYEV FINTTE DIFFERENCE TECHNIQUES WHEN T-HEAD GROIN SIZE 20 M i Tio70 03t VooadP dbeos 05953 14974
Time Distance(m) 5 43016 33563 29215 29213 33561 43014
(Years) 0 i 0, g0 80 100 10 76051 65701 64283 64289 68703  7.6056
L 22499 11610 05211 05207 11601 22488 15 116919 106386 10.1621 10.1619 10.6382 11.6916
5 74275 58894 51479 51479 58894 74273 20 151297 143787 13922 139222 143791 151303
10 132269 117631 110378 110379 117632 132268
15 192123 17641 168916 168915 176408 192122 TABLE XXII
APPROXIMATED SHORELINE EVOLUTION ALONG 20 YEARS USING THE
TABLEXVI TRADITIONAL FORWARD TIME CENTERED SPACE TECHNIQUES WHEN T-

APPROXIMATED SHORELINE EVOLUTION ALONG 13 YEARS USING THE
TRADITIONAL FORWARD TIME CENTERED SPACE TECHNIQUES WHEN T-

HEAD GROIN SIZE 22 M
Time Distance(m)
(Years) 0 20 40 60 50 100
1 24577 11767 05171 05171 11767 24577
5 87941 70079 6063 6063  7.0079 8794
10 171728 149308 139419 139419 149308 171728
13 215783  19.5870 18.6116 186116 19.5870 21.5783

HEAD GROIN SIZE 28 M

Time Distance{m)
(Years) 0 20 40 60 80 100
1 0718 03100 00987 00987 03100 07186
5 28822 19768 17127 17127 19768 28822
10 40363 37656  3.5555 35555 37656  4.0363
15 68627 58516 55533 55533 58516  6.8627
20 51678 7.800 75806 _ 7.5806 _ 7.800 _ §.1678
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TABLE XXIII
APPROXIMATED SHORELINE EVOLUTION ALONG 20 YEARS USING THE

SAULYEV FINITE DIFFERENCE TECHNIQUES WHEN T-HEAD GROIN SIZE 28 M

Time Distance(m)

(Years) 0 20 40 60 50 100
1 07189 03103 00989 00986 03095 0718
5 28834 19772 17129 17125 19764 28819
10 40361 37650 35549 35555 37658 40364
15 68640 58523 55536 55532 58513 68625
20 81674 77994 75800 75805 758002 81679

TABLE XXIV

APPROXIMATED SHORELINE EVOLUTION ALONG 20 YEARS USING THE
TRADITIONAL FORWARD TIME CENTERED SPACE TECHNIQUES WHEN T-

HEAD GROIN SIZE 30 M
Time Distance(m)

(Years) 0 20 40 60 50 100

1 12549 04986 02042 02042 04986  1.2549

5 2.8227 20405 18249 18249 20405 28227

10 30897 31776 30660 30660 31776 30897

15 54009 46835 44527 44527 46835 54009

20 58824 58600 57502 57502 58600 58824

TABLE XXV

APPROXIMATED SHORELINE EVOLUTION ALONG 20 YEARS USING THE
SAULYEV FINITE DIFFERENCE TECHNIQUES WHEN T-HEAD GROIN SIZE30 M

Time Distance(m)

(Years) 0 20 40 60 50 100
1 12554 04992 02044 02041 04982 12546
5 28240 . 20415 18256 18249 20401 28224
10 30883 31765 30652 30660 31781  3.0900
15 54021 46844 44533 44527 46830 54006
20 58317 58593 57497 57502 58604 58824

VI. DIScuUSSION

In this paper, we considered the averaged wave crest
impact (e,) as obtained by (29) for eight T-head groin
sizes as seen in Table 1-8. The long-shore transport rate
(D) for each month as seen in Table 9.

We used numerical techniques, the traditional forward
time centered space techniques (FTCS), and the Saulyev
finite difference techniques to approximate the shoreline
evolution for eight T-head groin sizes.

The approximated shoreline evolution for T-head groin
size 16 m with a time duration of eight years is seen in Table
10, 11, and Fig 18. As a result of shoreline evolution, the
longest distance is 15.9615 meters, and the shortest distance
is 12.9092 meters.

The approximated shoreline evolution for T-head groin
size 18 m with a time duration of 11 years is seen in Table
12, 13, and Fig 19. As a result of shoreline evolution, the
longest distance is 14.6822 meters, and the shortest distance
is 17.2724 meters.

The approximated shoreline evolution for T-head groin
size 20 m with a time duration of 15 years is seen in Table
14, 15, and Fig 20. As a result of shoreline evolution, the
longest distance is 19.2123 meters. and the shortest distance
is 16.7981 meters.

The approximated shoreline evolution for T-head groin
size 22 m with a time duration of 13 years is seen in Table
16, 17, and Fig 21. As a result of shoreline evolution, the
longest distance is 21.5786 meters, and the shortest distance
is 18.4889 meters.

The approximated shoreline evolution for T-head groin
size 24 m with a time duration of 20 years is seen in Table
18, 19, and Fig 22. As a result of shoreline evolution, the
longest distance is 7.8627 meters, and the shortest distance
is 7.4590 meters.

The approximated shoreline evolution for T-head groin
size 26 m with a time duration of 20 years is seen in Table
20, 21, and Fig 23. As a result of shoreline evolution, the
longest distance is 15.1303 meters, and the shortest distance
is 13.8656 meters.

The approximated shoreline evolution for T-head groin
size 28 m with a time duration of 20 years is seen in Table
22, 23 and Fig 24. As a result of shoreline evolution, the
longest distance is 8.1679 meters, and the shortest distance
is 7.5526 meters.

The approximated shoreline evolution for T-head groin
size 30 m with a time duration of 9 years is seen in Table 24,
25, and Fig 25. As a result of shoreline evolution, the
longest distance is 5.8824 meters, and the shortest distance
is 5.7362 meters.

Approximate shoreline evolutions of all numerical
approaches in eight sizes of the considered T-head groin are
compatible.

The approximate shoreline evolution of T-head groin
sizes of 16, 18, 20, and 22 m is used over time durations of
9, 11, 15, and 13 years, respectively, making the
approximate shoreline comparable in size to the T-head
groin. Other approximate T-head groin sizes are used over a
time duration of 20 years. The approximate shoreline is still
in the T-head groin area. The approximate shoreline tends to
decrease with T-head groin sizes of 26, 28, and 30 m.

VII. CoNCLUSION

In this paper, we mtroduce a shoreline evolution model
was created in this research to adjust for the T-head groin
structure. The nonuniform breaking wave crest impact is
estimated using the wave crest impact model. The average
wave crest impact for eight sizes of T-head groin structures
is considered. The shoreline evolution in areas where T-head
groins are installed on both sides. The initial condition
setting approach and boundary conditions techniques, as
well as the structural impacts of the T-head groin, are
discussed. The ftraditional forward time centered space
techniques (FTCS) and the unconditionally stable Saulyev
finite differential techniques are wused to approximate
shoreline evolution each year. The estimated impacts of
shoreline evolution were consistent with the wave crest
impact model for eight different T-head groin sizes. As a
result, the size of T-head groin mfluences the approximated
shoreline evolution. The time duration of the approximate
shoreline comparable in size to the T-head groin increases as
the size of the T-head groin increases. But the size of the T-
head groin is too large. the approximate shoreline evolution
rate is lower, and the approximate shoreline evolution has
resulted in a smaller shoreline area.
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