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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.
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(a) June 1990 (b) Sep 2011

(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 theThis material is reserved for educational use only, not allowed for commercial use. 
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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.
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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.

Figure 1.8: Groin [5],[6].

(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.
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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
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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.This material is reserved for educational use only, not allowed for commercial use. 
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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.

This material is reserved for educational use only, not allowed for commercial use. 
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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.

This material is reserved for educational use only, not allowed for commercial use. 
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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,

∂y

∂t
=

1

DB +DC

(
−∂Q

∂x

)
, (2.1)

where x is the alongshore coordinate (m); y is the shoreline positions (m) and perpen-
dicular to x-axis; t is time (day); Q is the long-shore sand transport rate (m3/day); DB is
the average berm height (m) and DC 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, Q . This quantity is considered to be generated by the
wave obliquely incident to the shoreline. A general expression for the long-shore
sand transport rate was developed by the US Army Corp [26] :

Q = Q0 sin(2αb), (2.2)

where Q0 is the amplitude of the long-shore sand transport rate. αb 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] :

Q0 =
ρ

16
(H2

b cgb)
K

(ρs − ρ)(1− n)
, (2.3)

where the subscript b denotes value at the point of breaking, cg is the wave group
velocity, H is the wave height, ρs is the density of the sediment (kg/m3), ρ 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 αb is the angle between breaking
wave crest and local shoreline, and may be written as :

αb = α0 − tan−1

(
∂y

∂x

)
, (2.4)
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where α0 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(2αb) ≈ 2αb, (2.5)
and

tan−1

(
∂y

∂x

)
≈ ∂y

∂x
. (2.6)

Substituting Eq (2.4) into the Eq (2.2), and assuming the beach with mild slope yields :

Q = Q0

(
2αb − 2

∂y

∂x

)
, (2.7)

Substituting Eq (2.7) into the Eq (2.1) and neglecting the sources or sinks along the
coast gives :

∂y

∂x
= D

∂2y

∂x2
, (2.8)

for all(x, t) ∈ (L, T ), where
D =

2Q0

DB +DC
. (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.
α0 is the impact angle between breaking wave crests angle with the x-axis.
Q0 is the amplitude of the long-shore sand transport rate.
DB is the average berm height.
DC is the average closure depth.
L is alongshore.
T is time of simulation.

Figure 2.1: Breaking wave crests impact angle

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



11

Figure 2.2: Shoreline physical parameters

2.3 Physical parameters setting techniques
Assuming that the density of the sediment (ρs) [27], the density of sea water (ρ)

[28], the porosity (n) [29], the dimensionless coefficient which is a function of particle
size (K) [30], the averaged berm height (DB) and the closure depth (DC ) are listed
belows.

Table 2.1: Parameters of sand transport rate [27], [28], [29], [30].

The density of the sediment (ρs (kg/m3)) 1700
The density of sea water (ρ (kg/m3)) 1020

The porosity (n) 0.406
The dimensionless coefficient which is a function of particle size (K) 0.375

The averaged berm height (DB (m)) 2
The closure depth (DC (m)) 28

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

This material is reserved for educational use only, not allowed for commercial use. 
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Table 2.2: The wave group velocity and the wave height [31].

Month cg (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 1.5
Sep 13711.68 1.5
Oct 15085.44 2.5
Nov 10877.76 1.5
Dec 11396.16 1.5

The amplitude of the long¬shore transport rates (Q0) 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 Q0 (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].This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



13

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:

∂h

∂t
+

∂(xh)

∂x
+

∂(vh)

∂y
= 0, (2.10)

and the momentum equations are expressed as below:
∂(uh)

∂t
+

∂(u2h+ 1
2gh

2)

∂x
+

∂(uvh)

∂y
= 0,

∂(uh)

∂t
+

∂(uvh)

∂x
+

∂(v2h+ 1
2gh

2)

∂y
= 0, (2.11)

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

ξ(x, y, t) 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, y, t) 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 constant of gravity (9.8m/s2).

Such time (t), and two space coordinates, x and y are the independent vari-
ables. 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, ∂y, ∂t) and then rewritten as
a partial differential hyperbolic equation as follows:
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U =


h

uh

vh

 , F (U) =


uh

u2h+ 1
2gh

2

uvh

 , G(U) =


vh

uvh

v2h+ 1
2gh

2

 , (2.12)

the hyperbolic PDE:
∂U

∂t
+

∂F (U)

∂x
+

∂G(U)

∂y
= 0. (2.13)
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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

Solution is continuous, i.e. solution at
any values of the independent variables
can be found.

Solution can only be obtained at
discrete grid points. Interpolations are
necessary to obtain the solution
between the grid points.

Exact or very accurate. Approximate numerical errors have to be
controlled properly for accuracy.

Provide physical insights into the
problems. For instance, frequencies
and mode shapes of vibrations can be
obtained easily.

Physical information is more difficult
to be obtained.

Do not exist for most of today’s
practical problems due to their
complexities.

Can be obtained for complicated
problems due to the advance in
computer technology and the
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∆x =constant= h and∆y =constant=

k as shown in Figure 2.4

Figure 2.4: An even grid-spacing system.

The Taylor series for a function u(x, y) expanded about xi at (xi+h) and (xi−h)

are respectively,
u(x+ h, y) = u(x, y) + h

∂u(x, y)

∂x
+

h2

2!

∂2u(x, y)

∂x2
+

h3

3!

∂3u(x, y)

∂x3
+ ... (2.14)

u(x− h, y) = u(x, y)− h
∂u(x, y)

∂x
+

h2

2!

∂2u(x, y)

∂x2
− h3

3!

∂3u(x, y)

∂x3
+ ... (2.15)

where h, called the grid size, grid 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 x-position and the second subscript denotes the y-position, the above expressions
can be written as

ui+1,j = ui,j + h
∂ui,j

∂x
+

h2

2!

∂2ui,j

∂x2
+

h3

3!

∂3ui,j

∂x3
+ ... (2.16)

ui−1,j = ui,j − h
∂ui,j

∂x
+

h2

2!

∂2ui,j

∂x2
− h3

3!

∂3ui,j

∂x3
+ ... (2.17)

From Eq 2.16,
∂ui,j

∂x
=

ui+1,j − ui,j

h
− h

2!

∂2ui,j

∂x2
− h2

3!

∂3ui,j

∂x3
+ ... (2.18)

∂ui,j

∂x
=

ui+1,j − ui,j

h
+O(h) (2.19)

Likewise, from Eq 2.17,
∂ui,j

∂x
=

ui,j − ui−1,j

h
− h

2!

∂2ui,j

∂x2
− h2

3!

∂3ui,j

∂x3
+ ... (2.20)

∂ui,j

∂x
=

ui,j − ui−1,j

h
+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 areThis material is reserved for educational use only, not allowed for commercial use. 
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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 h 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
∂ui,j

∂x
=

ui+1,j − ui−1,j

2h
− h2

3!

∂3ui,j

∂x3
+ ... (2.22)

∂ui,j

∂x
=

ui+1,j − ui−1,j

2h
+O(h2) (2.23)

and the truncation error is O(h2) and is approximately proportional to h2. The central
difference is second-order accurate. In this case, halving the grid 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.

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

∂2ui,j

∂x2
=

ui+1,j − 2ui,j + ui−1,j

h2
+

2h2

4!

∂4ui,j

∂x4
− ... (2.24)

∂2ui,j

∂x2
=

ui+1,j − 2ui,j + ui−1,j

h2
+O(h2) (2.25)

and the truncation error is O(h2).This material is reserved for educational use only, not allowed for commercial use. 
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Similarly,for the y-derivatives, we have
∂ui,j

∂y
=

ui,j+1 − ui,j

k
+O(k) (2.26)

∂ui,j

∂y
=

ui,j − ui,j−1

k
+O(k) (2.27)

∂ui,j

∂y
=

ui,j+1 − ui,j−1

2k
+O(k2) (2.28)

∂2ui,j

∂y2
=

ui,j+1 − 2ui,j + ui,j−1

k2
+O(k2) (2.29)

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

finite difference approximation becomes [34]

y ∼= yni , (2.30)
∂y

∂t
∼=

yn+1
i − yni

∆t
, (2.31)

∂y

∂x
∼=

yni+1 − yni−1

2∆x
, (2.32)

∂2y

∂x2
∼=

yni+1 − 2yni + yni−1

(∆x)2
, (2.33)

2.5.3 An unconditionally Saulyev finite difference techniques
The Saulyev scheme is employed. Consequently, the finite difference approx-

imation becomes [35]

y ∼= yni , (2.34)
∂y

∂t
∼=

yn+1
i − yni

∆t
, (2.35)

∂2y

∂x2
∼=

yni+1 − yni − yn+1
i + yn+1

i−1

(∆x)2
, (2.36)

2.5.4 Numerical techniques for the wave crest impact model
The finite difference technique:

Un+1
i,j = Un

i,j −
∆t

∆x

(
F

n+ 1
2

i+ 1
2 ,j

− F
n+ 1

2

i− 1
2 ,j

)
− ∆t

∆y

(
G

n+ 1
2

i,j+ 1
2

−G
n+ 1

2

i,j− 1
2

)
. (2.37)

2.5.5 The wave crest impact
The wave crest impact becomes

α (xi, yj , t) = tan−1

(
v (xi, yj , t)

u (xi, yj , t)

)
, (2.38)

the averaged wave crest impact is assumed by

α0 (t) =

∑NP

i=1 α (xi, 0, t)

NP
, (2.39)

where NP is several wave crest impact sample points along the shoreline.This material is reserved for educational use only, not allowed for commercial use. 
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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 Eqs (2.30)-(2.33) into Eq (2.8), we obtain,

yn+1
i − yni

∆t
= D

(
yni+1 − 2yni + yni−1

(∆x)2

)
, (3.1)

for 1 ≤ i ≤ M − 1 and 0 ≤ n ≤ N − 1. Eq (3.1) can be written in an explicit form of finite
difference as follows,

yn+1
i = Ayni+1 + (1− 2A)yni +Ayni−1, (3.2)

for 1 ≤ i ≤ M − 1 and 0 ≤ n ≤ N − 1.This material is reserved for educational use only, not allowed for commercial use. 
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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 Eqs (2.34)-(2.36) into Eq (2.8), we obtain

yn+1
i − yni

∆t
= D

(
yni+1 − yni − yn+1

i + yn+1
i−1

(∆x)2

)
, (3.3)

for 1 ≤ i ≤ M − 1 and 0 ≤ n ≤ N − 1. Eq (3.3) can be written in an explicit form of finite
difference as follows,

yn+1
i =

1

1 +A
(Ayni+1 + (1−A)yni +Ayn+1

i−1 ), (3.4)

for 1 ≤ i ≤ M − 1 and 0 ≤ n ≤ N − 1.

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 Eqs (2.30)-(2.33) into Eq (2.8), we obtain,

yn+1
i − yni

∆t
= D

(
yni+1 − 2yni + yni−1

(∆x)2

)
, (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

yn−1 = yn1 − 2(∆x)(− tan(α0)), (3.6)

Substituting Eq (3.6) into Eq (3.5), we obtain

yn+1
i = (1− 2A)yni + 2Ayni+1 − 2A(∆x)(− tan(α0)), (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

ynM+1 = ynM−1 + 2(∆x)(− tan(−α0)), (3.8)

Substituting Eq (3.8) into Eq (3.5), we obtain

yn+1
i = 2Ayni−1 + (1− 2A)yni + 2A(∆x)(− tan(−α0)), (3.9)

The Eq (3.7) and Eq (3.9) can be used to calculate the values yni 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 α0 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) = h1(x), (3.10)

boundary conditions are also assumed by
∂y(0, t)

∂x
= − tan(α0), (3.11)This material is reserved for educational use only, not allowed for commercial use. 
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and
∂y(L, t)

∂x
= − tan(−α0), (3.12)

when h1(x) is initial shoreline topography function.

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

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, v = 0 and ξ = 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, ∂v

∂y = 0, ξ = f(x, y, t) for wave coming,
(2) ∂u

∂x = 0, v = 0, ∂ξ
∂x = 0 for left and right boundary,

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



23

(3) u = 0, ∂v
∂y = 0, ∂ξ

∂y = 0 for along the beach,
(4) u = 0, ∂v

∂y = 0, ∂ξ
∂y = 0 for top groin structure, and

(5) ∂u
∂x = 0, v = 0, ∂ξ

∂x = 0 for left and right groin structure. The boundary conditions are
illustrated in Figure 3.5-3.6.

Figure 3.5: Initial and boundary conditions.

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 0.5 sin(t+ Λx).
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Figure 3.7: Consider alongshore.

Table 3.1: Wavelength setting.

Simulation Λ Wavelength
1 0.01 0.5 sin(t+ 0.01x)

2 0.02 0.5 sin(t+ 0.02x)

3 0.03 0.5 sin(t+ 0.03x)

4 0.04 0.5 sin(t+ 0.04x)

5 0.05 0.5 sin(t+ 0.05x)
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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+0.01x), 0.5 sin(t+0.02x), 0.5 sin(t+0.03x),
0.5 sin(t + 0.04x) and 0.5 sin(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.

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

Figure 3.9: Wave crest impact in 15 years when wavelength 0.5 sin(t+ 0.02x).
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Figure 3.10: Wave crest impact in 15 years when wavelength 0.5 sin(t+ 0.03x).

Figure 3.11: Wave crest impact in 15 years when wavelength 0.5 sin(t+ 0.04x).
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Figure 3.12: Wave crest impact in 15 years when wavelength 0.5 sin(t+ 0.05x).

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 0.5 sin(t+ 0.02x).

Figure 3.15: vector field of velocities between groin when wavelength 0.5 sin(t+ 0.03x).
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Figure 3.16: vector field of velocities between groin when wavelength 0.5 sin(t+ 0.04x).

Figure 3.17: vector field of velocities between groin when wavelength 0.5 sin(t+ 0.05x).
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Table 3.2-3.6 shows the averaged wave crest impact (α0) as obtained by 2.39.

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

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(t+ 0.02x).

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

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



31

Table 3.4: The averaged wave crest impact 15 years when wavelength 0.5 sin(t+ 0.03x).

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(t+ 0.04x).

Time Minute
(Years) 0-15 15-30 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 0.3213 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

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



32

Table 3.6: The averaged wave crest impact 15 years when wavelength 0.5 sin(t+ 0.05x).

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 (α0) of five case wavelengths. Table 3.7 shows the long-shore
transport rate D . The simulation setting is illustrated in Fig. 3.18.

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.

Figure 3.19: Shoreline evolution in 0-7 years when wavelength 0.5 sin(t+ 0.01x).
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Figure 3.20: Shoreline evolution in 8-15 years when wavelength 0.5 sin(t+ 0.01x).

Figure 3.21: Shoreline evolution in 0-7 years when wavelength 0.5 sin(t+ 0.02x).
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Figure 3.22: Shoreline evolution in 8-15 years when wavelength 0.5 sin(t+ 0.02x).

Figure 3.23: Shoreline evolution in 0-7 years when wavelength 0.5 sin(t+ 0.03x).
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Figure 3.24: Shoreline evolution in 8-15 years when wavelength 0.5 sin(t+ 0.03x).

Figure 3.25: Shoreline evolution in 0-7 years when wavelength 0.5 sin(t+ 0.04x).
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Figure 3.26: Shoreline evolution in 8-15 years when wavelength 0.5 sin(t+ 0.04x).

Figure 3.27: Shoreline evolution in 0-7 years when wavelength 0.5 sin(t+ 0.05x).
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Figure 3.28: Shoreline evolution in 8-15 years when wavelength 0.5 sin(t+ 0.05x).

Figure 3.29: Shoreline evolution in 5, 10 and 15 years when wavelength 0.5 sin(t+ 0.01x).
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Figure 3.30: Shoreline evolution in 5, 10 and 15 years when wavelength 0.5 sin(t+ 0.02x).

Figure 3.31: Shoreline evolution in 5, 10 and 15 years when wavelength 0.5 sin(t+ 0.03x).
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Figure 3.32: Shoreline evolution in 5, 10 and 15 years when wavelength 0.5 sin(t+ 0.04x).

Figure 3.33: Shoreline evolution in 5, 10 and 15 years when wavelength 0.5 sin(t+ 0.05x).
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Table 3.8: Approximated shoreline evolution along 15 years using the traditional forward time
centered space techniques when wavelength 0.5 sin(t+ 0.01x).

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 1.8264 1.6152 1.6152 1.8264 2.2665
10 3.9788 3.6680 3.4335 3.4335 3.6680 3.9788
15 6.0537 5.5284 5.3113 5.3113 5.5284 6.0537

Table 3.9: Approximated shoreline evolution along 15 years using the Saulyev finite difference
techniques when wavelength 0.5 sin(t+ 0.01x).

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 1.8588 1.6152 1.6152 1.8266 2.2667
10 3.9783 3.6679 3.4334 3.4334 3.6679 3.9788
15 6.0529 5.5280 5.3113 5.3113 5.5285 6.0538

Table 3.10: Approximated shoreline evolution along 15 years using the traditional forward time
centered space techniques when wavelength 0.5 sin(t+ 0.02x).

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 2.6466 2.6466 3.0263 3.9256
10 6.4567 5.8539 5.5070 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 0.5 sin(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 5.5068 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+ 0.03x).

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 12.5716 12.5716 13.0512 14.3340

Table 3.13: Approximated shoreline evolution along 15 years using the Saulyev finite difference
techniques when wavelength 0.5 sin(t+ 0.03x).

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 4.8088 6.0495
10 9.9518 9.0062 8.4522 8.4521 9.0054 9.9509
15 14.3339 13.0507 12.5714 12.5715 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(t+ 0.04x).

Time Distance (m)
(Years) 0 20 40 60 80 100

1 1.2192 0.6492 0.2962 0.2962 0.6492 1.2192
5 2.5437 2.5297 2.2522 2.2522 2.5297 2.5437
10 5.5018 4.3970 4.1878 4.1878 4.3970 5.5018
15 5.8860 6.1114 5.9015 5.9015 6.1114 5.8860

Table 3.15: Approximated shoreline evolution along 15 years using the Saulyev finite difference
techniques when wavelength 0.5 sin(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 2.5302 2.2521 2.2522 2.5295 2.5434
10 5.5016 4.3967 4.1881 4.1879 4.3972 5.5022
15 5.8859 6.1116 5.9013 5.9015 6.1115 5.8859
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Table 3.16: Approximated shoreline evolution along 15 years using the traditional forward time
centered space techniques when wavelength 0.5 sin(t+ 0.05x).

Time Distance (m)
(Years) 0 20 40 60 80 100

1 1.1699 0.6231 0.2817 0.2817 0.6231 1.1699
5 2.2472 1.7718 1.5839 1.5839 1.7718 2.2472
10 2.5173 2.4222 2.3866 2.3866 2.4222 2.5173
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 0.5 sin(t+ 0.05x).

Time Distance (m)
(Years) 0 20 40 60 80 100

1 1.1701 0.6235 0.2819 0.2816 0.6226 1.1696
5 2.2477 1.7722 1.5840 1.5837 1.7713 2.2466
10 2.5165 2.4214 2.3861 2.3865 2.4226 2.5175
15 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.

Figure 3.34: Wavelength Comparisons in 5 years.
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Figure 3.35: Wavelength Comparisons in 10 years.

Figure 3.36: Wavelength Comparisons in 15 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 Eqs (2.30)-(2.33) into Eq (2.8), we obtain,

yn+1
i − yni

∆t
= D

(
yni+1 − 2yni + yni−1

(∆x)2

)
, (4.1)

for 1 ≤ i ≤ M − 1 and 0 ≤ n ≤ N − 1. Eq (4.1) can be written in an explicit form of finite
difference as follows,

yn+1
i = Ayni+1 + (1− 2A)yni +Ayni−1, (4.2)

for 1 ≤ i ≤ M − 1 and 0 ≤ n ≤ N − 1.

4.2 An unconditionally Saulyev finite difference techniques applied
to shoreline evolution model
Substituting Eqs (2.34)-(2.36) into Eq (2.8), we obtain

yn+1
i − yni

∆t
= D

(
yni+1 − yni − yn+1

i + yn+1
i−1

(∆x)2

)
, (4.3)

for 1 ≤ i ≤ M − 1 and 0 ≤ n ≤ N − 1. Eq (4.3) can be written in an explicit form of finite
difference as follows,

yn+1
i =

1

1 +A
(Ayni+1 + (1−A)yni +Ayn+1

i−1 ), (4.4)
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Figure 4.1: Stencil diagram of forward central space finite difference technique

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 Eqs (2.30)-(2.33) into Eq (2.8), we obtain,

yn+1
i − yni

∆t
= D

(
yni+1 − 2yni + yni−1

(∆x)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

yn−1 = yn1 − 2(∆x)(− tan(α0)), (4.6)

Substituting Eq (4.6) into Eq (4.5), we obtain

yn+1
i = (1− 2A)yni + 2Ayni+1 − 2A(∆x)(− tan(α0)), (4.7)

For i = M , substitution of the approximate unknown value of the right boundary
by a traditional central difference approximation with the known derivative the rightThis material is reserved for educational use only, not allowed for commercial use. 
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boundary condition gives

ynM+1 = ynM−1 + 2(∆x)(− tan(−α0)), (4.8)

Substituting Eq (4.8) into Eq (4.5), we obtain

yn+1
i = 2Ayni−1 + (1− 2A)yni + 2A(∆x)(− tan(−α0)), (4.9)

The Eq (4.7) and Eq (4.9) can be used to calculate the values yni 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 α0 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(x, 0) = h2(x), (4.10)

boundary conditions are also assumed by
∂y(0, t)

∂x
= − tan(α0), (4.11)

and
∂y(L, t)

∂x
= − tan(−α0), (4.12)

when h2(x) is initial shoreline topography function.

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, v = 0 and ξ = 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, ∂v

∂y = 0, ξ = f(x, y, t) for wave coming,
(2) ∂u

∂x = 0, v = 0, ∂ξ
∂x = 0 for left and right boundary,

(3) u = 0, ∂v
∂y = 0, ∂ξ

∂y = 0 for along the beach,
(4) u = 0, ∂v

∂y = 0, ∂ξ
∂y = 0 for top T-head groin structure,

(5) u = 0, ∂v
∂y = 0, ∂ξ

∂y = 0 for bottom T-head groin structure, and
(6) ∂u

∂x = 0, v = 0, ∂ξ
∂x = 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.

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.

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.

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.

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.

Figure 4.14: Wave crest impact in 20 years when T-head groin 26 m.
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Figure 4.15: Wave crest impact in 20 years when T-head groin 28 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 α0 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 -0.1413 -0.1425 -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
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Table 4.3: The averaged wave crest impact 15 years when T-head Groin Size 20 m.

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 15-30 30-45 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 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
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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 -0.1122 -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
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Table 4.7: The averaged wave crest impact 20 years when T-head Groin Size 28 m.

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
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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.

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.

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.

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.

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.

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.

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.

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.

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.

Figure 4.33: Shoreline evolution in 15-20 years when T-head Groin size 28 m.

This material is reserved for educational use only, not allowed for commercial use. 

Forbidden to modify the content, and cite the document when use. 



68

Figure 4.34: Shoreline evolution in 0-7 years when T-head Groin size 30 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.

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.

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.

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.

Figure 4.43: Shoreline evolution in 20 years when T-head Groin size 28 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
5 9.5859 7.7058 6.7258 6.7258 7.7058 9.5859
9 15.9610 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 15.9615 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)
(Years) 0 20 40 60 80 100

1 2.4433 1.2654 0.5617 0.5617 1.2654 2.4433
5 8.5988 6.9462 6.0354 6.0354 6.9462 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)
(Years) 0 20 40 60 80 100

1 2.4436 1.2659 0.5619 0.5615 1.2649 2.4427
5 8.5988 6.9463 6.0353 6.0355 6.9464 8.5989
10 16.3738 14.2626 13.3621 13.3618 14.2622 16.3731
11 17.2720 15.6525 14.7911 14.7912 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)
(Years) 0 20 40 60 80 100

1 2.2494 1.1606 0.5209 0.5209 1.1606 2.2494
5 7.4274 5.8894 5.1479 5.1479 5.8894 7.4274
10 13.2267 11.7631 11.0379 11.0379 11.7631 13.2267
15 19.2122 17.6409 16.8916 16.8916 17.6409 19.2122

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 40 60 80 100

1 2.2499 1.1610 0.5211 0.5207 1.1601 2.2488
5 7.4275 5.8894 5.1479 5.1479 5.8894 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.

Time Distance (m)
(Years) 0 20 40 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 14.9308 13.9419 13.9419 14.9308 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.

Time Distance (m)
(Years) 0 20 40 60 80 100

1 2.4578 1.1770 0.5173 0.5169 1.1763 2.4574
5 8.7940 7.0079 6.0628 6.0629 7.0079 8.7940
10 17.1735 14.9311 13.9420 13.9417 14.9306 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.

Time Distance (m)
(Years) 0 20 40 60 80 100

1 1.0972 0.5544 0.2391 0.2391 0.5544 1.0972
5 3.2598 2.3726 2.0848 2.0848 2.3729 3.2598
10 4.2850 4.1421 3.9454 3.9454 4.1421 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
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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 2.3731 2.0852 2.0848 2.3724 3.2596
10 4.2846 4.1417 3.9450 3.9455 4.1424 4.2851
15 6.8987 6.0147 5.7510 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
5 4.3015 3.3562 2.9214 2.9214 3.3562 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 0.5988 0.2598 0.2595 0.5983 1.4974
5 4.3016 3.3563 2.9215 2.9213 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 14.3787 13.9220 13.9222 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 1.9768 1.7127 1.7127 1.9768 2.8822
10 4.0363 3.7656 3.5555 3.5555 3.7656 4.0363
15 6.8627 5.8516 5.5533 5.5533 5.8516 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 1.9772 1.7129 1.7125 1.9764 2.8819
10 4.0361 3.7650 3.5549 3.5555 3.7658 4.0364
15 6.8640 5.8523 5.5536 5.5532 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 5.8824 5.8600 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 5.8593 5.7497 5.7502 5.8604 5.8824
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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 (α0) 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 0.5 sin(t + 0.01x) 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 0.5 sin(t + 0.02x) 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 0.5 sin(t + 0.03x) 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 0.5 sin(t + 0.04x) 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 0.5 sin(t + 0.05x) 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+0.01x), 0.5 sin(t+
0.02x) and 0.5 sin(t + 0.03x) shows that as the frequency of wavelength increases, the
approximate shoreline area also increases. And in the approximate shoreline evolutionThis material is reserved for educational use only, not allowed for commercial use. 
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of wavelengths 0.5 sin(t + 0.04x) and 0.5 sin(t + 0.05x), 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 (α0) 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.This material is reserved for educational use only, not allowed for commercial use. 
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