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Summary

Recently, the erosion problem in our coast zone becomes more and more serious because
of several artificial activities due to the expansion of city function, industrial complex and
harbor facility and so on. To make matter worse, the erosion problem becomes serious more
and more because of picking of sea sand that is used to aggregate resources in construction
sites, which is major factor of income and outgo of sea sand. Also, environmental and

economical importance of the coastal beach zone grows bigger and bigger.

Coastal beach zone is eroded constantly by the waves accompanied with the rising of the
water lever by storm surge and high tide. For this reasons, the concern for the coastal beach
protection increases more and more. Therefore, it is necessary to study on the erosion control

of the coastal beach.

When it comes to the models of the coastal beach erosion, Vellinga (1982, 1983, 1986)
calculated the coastal beach change by the time. But Vellinga(1982, 1983, 1986) model for
the numerical simulation of the coastal beach erosion has restrictions, which is that it will not
timely be able to track the coastal beach change to reappear the sandbar and predicted time is
restricted. Also, Krebel Model can calculate the change of the coastal beach and sandbar, but
can not express the sandbar, timely. So considering the drawbacks of the incident waves of
the Vellinga model, SBEACH model proposed by Larson and Kraus (1989) is applied to
calculation of the formation and the erosion behavior of the coastal beach topography in this
study, for SBEACH model proposed by Larson and Kraus (1989) is more suitable to this

numerical computation.

The calculative order of the two-dimensional SBEACH model is the same with other

normal coastal beach models and can be written as follows:

(1)  Dally (1980), Dally et al. (1985)’s equation is used to calculation of the wave

transformation in this paper.

(2)  About the calculation of the cross-shore sediment transport rate in this study, the
cross-shore sediment transport rate is basically calculated by energy dissipation per unit
day in broken wave zone. And based on the division of the profile applied in near-shore

wave dynamics and the physical characteristic of cross-shore sediment transport under
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various  flow conditions, four different zones of transport were introduced as four
sections. These zones are pre-breaking zone, breaker transition zone, broken wave

zone and swash zone.

(3)  The profile change calculation of the coastal beach by continuity equation of sediment

is based on sediment transport rate of time level of two.

In this study, an artificial reef is applied to exposed non-erodible bottom, and this study is
composed of three sub models. The formation of the coastal cliff and erosion behavior of the
coastal beach has been carried out using SBEACH model proposed by Larson and Kraus
(1989).

First, the numerical analysis of the coastal beach with and without an artificial reef is
carried out in order to investigate erosion control effect by an artificial reef. Form the
numerical results, it is shown that the result is more effective for the case with an artificial

reef than without an artificial reef in controlling the coastal beach erosion.

From the results of the coastal beach erosion analysis due to the offshore distance of the
artificial reef, it is shown that as the offshore distance of the artificial reef is closer to the
shoreline, the erosion control ability of the artificial reef is more effective in controlling the

coastal beach erosion.

When it comes to the coastal beach erosion analysis due to the height of the artificial reef,
it is shown that the higher the height of the artificial reef is, the smaller the coastal beach
erosion occurs. And, it is also shown that the scouring phenomenon is occurred at the outside
of the artificial reef and sandbar is formed. It is considered because higher the height of the

artificial reef is, the weaker the wave force becomes.

From the results of the coastal beach erosion analysis due to the width of the artificial reef,
it is shown that the narrower the width of the artificial reef is, the bigger the scouring depth
and scouring area by the wave is. This reason is considered because the broader the width of

the artificial reef is, the weaker the wave force becomes.

As the optimum conditions of the artificial reef in controlling the coastal beach erosion, it
is shown that as the offshore distance of the artificial reef is close to the shoreline, the
erosion control of the coastal beach is more effective. And, it is shown that as the height of

the artificial reef is high, the erosion control of the coastal beach is more effective. Also, it is
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shown that as the width of the artificial reef is wide, the erosion control of the coastal beach
is more effective than any other condition of the artificial reef. But, the conditions of the
height and the width of the artificial reef are not more effective than the condition of offshore

distance of the artificial reef in controlling the coastal beach erosion.

On the results of the erosion behavior of the coastal beach due to berm location of the
artificial reef, an artificial reef with a left-hand side berm is more effective than any other
condition in controlling the coastal beach erosion. And the scoring area in artificial reef with

a left-hand side berm is greater than other two cases, but the scouring depth is the most small.

From the numerical results of the erosion behavior of the coastal beach due to the incident
wave angle, when the incident wave comes into as 0°, the coastal beach erosion was the
greatest. And, it is shown that the smaller (bigger) the incident wave angle is, the larger
(smaller) the coastal beach erosion occurs. Also, it is shown that the coastal beach erosion is

not seriously affected when the incident wave angle comes into as 45° and 60°.

This numerical analysis can be applied to real coastal beach through numerical simulation
model of the coastal beach erosion, including non-erodible and exposed non-erodible bottom.
But this study should be improved in the future. The numerical simulation of the coastal
beach erosion behavior, including erodible bottom, non-erodible bottom and exposed non-
erodible bottom, has carried out in this study. But, it is necessary to study in order to raise

accuracy of the numerical analysis.

The compacted effect of sand dune surface, the covering effect by landing treatment, the
recovering of erodible area by wind-blown sand, the flow effect by the storm waves or
tsunami and the formative factor are should be considered in the future as well as erodible
bottom, non-erodible bottom, exposed non-erodible bottom. Also, the difference of the
coastal beach erosion behavior by porous and non-porous of the artificial reef should be
considered. And, the improvement of the numerical simulation by field surveying is

necessary in the future.
Therefore, this numerical method will be broadly used to prevent erosion and protect eco-

system in the coastal beach zone in the future. And the results obtained by this erosion

analysis will usefully be used to control the erosion process.
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CHAPTER 1: INTRODUCTON

1.1 Background

Recently, the erosion problem in our coast zone becomes seriously more and more
because of several artificial activities due to the expansion of city function, industrial
complex and harbor facility and so on. To make matters worse, the erosion problem becomes
seriously more and more because of picking of sea sand that is sued to aggregate resources in
construction sites, which is major factor of income and outgo of sea sand. Also, the
environmental and economical importance of the coastal beach zone grows bigger and bigger.

The configuration of the shoreline is very different according to the time and zone, and the
shoreline changes variously. The coastal beach zone has many primary roles as the boundary
between land and sea. This coastal beach zone protects land from the erosion caused by wave
motion. Also, this coastal beach zone controls both wind-blown and wind-blown salt. And,
the coastal beach zone has many functions as a source of supply of bottom material sediment
when the coastal beach is eroded by storm, a shock-absorbing zone due to the sea level rising
and the global warming, a hydrophilic space including a campground, water-sport space and
SO on.

Like this, coastal beach zone is constantly eroded by the waves accompanied with the
rising of the water level by storm surge and high tide. Therefore, this erosion motion
accelerates the regression of the coastal cliff as a result of the regression of the dune or the
shoreline. In addition, the regression loses real estate in the hinterland as well as ruins the
shock-absorbing zone between land and sea. So the destruction of the dune may lead to a
loss of the habitat of egg-laying grounds of living creatures. Also, the erosion motion of the
coastal beach zone takes away life sites of inhabitants who live in coastal beach zone, and
the erosion problem has influence on local economy because of decreasing in visitors.

There is a sea cliff in the shore, Horikawa and Sunamura (1967, 1968, 1969, 1970, 1972)
clarified the behavior of sea cliff erosion by air photos and experiments. And, Ven de Graff
(1977) defined the erosion section, based on the data obtained by storm surge in the field.
Vellinga (1982, 1983, 1986) defined the equilibrium profile of the beach formed by the storm
surge, based on experimental results, and performed the computation of the erosion section
using a computer. In addition, the erosion model of sand dune by time was developed by
Kriebel and Dean (1984, 1985), Kriebel (1990) and Larson and Kraus (1989, 1990).

Furthermore, Gonzalez and Medina (2000) compared natural beach with an artificial

_1_



beach and computed changes of the coastal beach profile in the coastal beach erosion
behavior. Hanson and Kraus (2000) studied about the representation of tombolos and
sediment transport by tidal currents using the GENESIS model. Moreover, Larson, Erickson
and Hanson (2004) carried out an analytical model to predict dune erosion due to wave
impact. On top of that, Kim and Kang (2003) computed a numerical simulation of erosion
behavior for the beach cliff with and without a seawall. Donnelly and Larson (2005) studied
about numerical modeling of the beach profile changes caused by over-wash. Also, Kim and
Mun (2007) carried out numerical simulation of the erosion behavior of the coastal beach by
an artificial reef.

Therefore, it is necessary to study on the erosion control and erosion process of the coastal
beach.

1.2 Objectives

Erosion of the coastal beach around the world is serious and complex problem. And, this
erosion of the coastal beach is occurred by waves accompanied with the rising of the water
level by storm surge, high tide, storm, over-wash, hurricanes and winter-storms impact in the
shore.

Recently and globally, Numerical simulation for the erosion behavior and erosion process
in the coastal beach zone including erosion of the coastal beach, sand dune, coastal cliff,
shoreline, cross-shore transport and long-shore transport has been actively studied.

Like this, it is necessary to study for the erosion of the coastal beach to control and predict
the erosion of the coastal beach. The main objectives of this study are to control and predict
the coastal beach erosion and cross-shore sediment transport rate and to investigate the
optimum conditions of the artificial reef in controlling the coastal beach. Accordingly,
erosion control and erosion predict of the coastal beach are very important problems in
coastal and ocean engineering, technologically, these problems related in the erosion control
of the coastal beach by an artificial reef has been carried out through numerical simulation

around the world.



1.3 Study Contents

Unlike groin and offshore breakwater, if the coastal beach is controlled by an artificial reef
which not spoils the beauty of coastal beach, artificial reef will used semi-permanently as
well as good for the beauty of coastal beach. Therefore, to investigate the optimum
conditions of the artificial reef in controlling the coastal beach erosion, the numerical
analysis of the coastal beach due to the location of the berm is carried out. And, the
numerical analysis due to the offshore distance of the artificial reef is carried out. Also, the
numerical analysis due to the height of the artificial reef is carried out. And, the numerical
analysis due to the width of the artificial reef is carried out. Moreover, erosion analysis of the

coastal beach due to the incident wave angle is carried out in this study.

1.4 Scope and Organization

First, introduction and development process for the basic equation of the coastal beach
erosion model and the cross-shore sediment transport rate is described in this study. And,
SBEACH model by Larson and Kraus (1989) is used in formation of the coastal cliff and the
calculation of the erosion behavior.

Calculative order of 2-dimensional SBEACH model is the same with normal coastal beach
change model and this is can be written as follows:

(1)  The sediment equation by Dally (1980) and Dally et al. (1985) is used in calculation
of the wave transformation in this study.

(2)  In order to calculate cross-shore sediment transport rate, minutely, the coastal beach
section is divided into 4 sections in this study, based on the division of the profile
applied in near-shore wave dynamics and the physical characteristic of sediment
transport under various flow conditions. And, the cross-shore sediment transport rate is
basically calculated by energy dissipation per unit day in broken wave zone.

(3) The coastal beach profile calculation by the continuity equation of exposed non-
erodible bottom is based on the cross-shore sediment transport rate of time lever of two.

Like this, this study is organized as three sub models. The coastal beach erosion behavior
is studied using SBEACH model, and the numerical analysis of the coastal beach with an
artificial reef which is applied to exposed non-erodible bottom is carried out through

numerical simulation.



CHAPTER 2: MODEL OF THE COASTAL BEACH

EROSION

2.1 Schematization of the Equation of the Coastal Beach Profile

Since coastal beach is specified as particle size of sediment, breaking wave height, water
surface rising height and so on, Dean (1977) proposed following equation (1) of the coastal
beach profile as shown in Fig. 1.

h(x) = Ax*" (1

where /4 is the water depth, 4 is the shape parameter and this shape parameter 4 can be

solved using equation (2).

oy |27l
Ao

where D, denotes the particle size of sediment, ¢, denotes the weight of sediment and &

denotes the non-dimensional breaking number. Generally, this non-dimensional breaking
number has the value of 0.78 in this study. Normally, 4 has the value from 0.079 to

0.398 and this A has the value of next equation (3) including fall velocity in this study.

A=0.067w"* 3)

where w is the fall velocity, and equation (3) is used in this study.
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Fig. 1 Schematization of the equation of the coastal beach profile



2.2 Calculation of the Wave Transformation

On the calculation of the wave transformation, coordinate system used in the calculation
of the wave transformation is defined as shown in Fig. 2.
The basic equation of the wave transformation can be written as following by the sediment

equation by Dally et al. (1980, 1985).
a—i(F-cosH)+a%(F-sin9):S(F—FS) 4)

where F is the wave energy flux, F, is the stable wave energy flux, & is the empirical
wave decay coefficient, d is the total water depth and 6 is the incident wave angle.

It is assumed that the incident wave comes into as 0° to the coastal beach and it is
assumed that the wave conditions to be uniform alongshore and the bottom contours to be
straight and parallel in this study. So, if 6 is applied to 0 in equation (4), equation (4)

may be reduced to

oF k
“&—J(F—Fs) 5

The stable wave energy flux is given by

F,=E, -C (6)

where E, is the wave energy density and C, is the wave group speed. The wave energy
density is written using linear wave theory as
1 2
E = ngH ; (7
where p is the density of water, g is the acceleration of gravity and H,(m) is the stable

wave height. The stable wave energy flux corresponds to a stable wave height that is a

function of the water depth



H, =Th (8)

where # is the water depth and ' is the stable wave height coefficient (empirical). T’

has the value of 0.4 in this study (Larson and Kraus, 1989). The energy flux F, can be

written by substituting the group velocity of the shallow water wave as follows:
1
F, = pe(Th)*gh ©

where p is the density of water, g is the acceleration of gravity, I' is the stable wave

height coefficient (empirical) and % is the water depth.

The radiation stress component S 1is given by linear wave theory for an arbitrary wave

angle of incident as
" 2 7 1 XY
S =["(p+ pu )dz—f,hpodzzF—Epg(hw) (10)

where 7 is the wave setup or setdown, p is the bottom pressure, F is the wave energy
flux, p is the density of the water, ¢ is the acceleration due to gravity and # is the
water depth.

The minus flux of the horizontal momentum by bottom pressure p, that its bottom is not

horizontal is existed.

Equilibrium condition equation of surrounded body of water is given by

J AP Ny YN (11
dx dx

where p, is the average of bottom pressure, in case of that bottom slope is mild, equation

(11) is can be written by using Longuet-Higgins, Stewart (1962) and Euler equation as

follows:

Py = pg(h+1) (12)



Substituting equation (12) for equation (11), next equation is given by
d — dh
—= h+n)— 13
il AU s (13)

As waves propagate toward shore, a flux of momentum (radiation stress) arises and causes
displacement of the mean water elevation if changes in this flux occur due to shoaling or
breaking. Seaward of the break point, shoaling produces an increase in wave height, which
causes a corresponding increase in the momentum flux. This flux increase is balanced by
lowering of the mean water elevation, called setdown (Longuet-Higgins and Stewart, 1962).
Inside the surf zone, as saves continue to break and decrease in height, the momentum flux
decreases, and increase in mean water elevation occurs (setup).

Displacement of the mean water surface (setup of setdown) may be determined from the

momentum equation
(14)

where S is the radiation stress component directed onshore, n is the fluctuation of mean

water level and d(=h+n) is the total water depth.

From the wave properties, it is possible to determine analytically the setdown at the most

seaward point (Longuet-Higgins and Stewart, 1962).

H?

W] (15)

n=——"—F"~
4Lsinh(
L



2,
| s
AR

Fig. 2 Coordination system used in calculation of the wave transformation



2.3 Calculation of the Cross-Shore Sediment Transport Rate

When the wave is occurred, based on wave energy dissipation, the basic equation of the

cross-shore sediment transport rate can be written as follows:

q,=K(D-D,) (16)

where ¢, is the net cross-shore sand transport rate, K is the sand transport rate coefficient,
D is the wave energy dissipation per unit water volume and D,, is the equilibrium wave

energy dissipation per unit water volume.

In order to accurately calculate cross-shore sediment transport rate, based on the division
of the profile applied in near-shore wave dynamics and the physical characteristics of
sediment transport under various flow conditions, four different zones of transport (Fig. 3)
were introduced (Larson, Kraus and Sunamura, 1998; Larson and Kraus, 1989). These zones
are:

a. Zone I: From the seaward depth of effective sand transport to the break point (pre-

breaking zone).

b. Zone II: Form the break point to the plunge point (breaker transition zone).

c. Zone III: From the plunge point to the point of wave reformation or to the swash zone

(broken wave zone).

d. Zone IV: From the shoreward boundary of the surf zone to the shoreward limit of run-

up (swash zone).

The cross-shore sediment transport rate of the pre-breaking zone (zone I) can be written as

follows:

q=q,e " (17

where ¢, denotes the cross-shore sediment transport rate at breakpoint, A, denotes an
empirical coefficient characterizing the rate of decay and x, denotes the location of the

breakpoint.
Empirical expressions for the spatial decay coefficients were derived from large wave tank

data (Larson and Kraus, 1989). The decay coefficient in Zone I was empirically related to

_10_



median grain size ( Dy, ) and breaking wave height (H, ) as (with Dy, in mm and H, in

m)

D 0.47
2 = o.4x(?6°) (18)

where D, is the sand grain size and H, 1is the breaking wave height.

The cross-shore sediment transport rate in breaker transition zone (zone II) becomes:
-, (x-x,)
g=q,e " (19)

where ¢, is the cross-shore sediment transport rate at the plunge point and 2, is an
empirical coefficient. This A, has 0.2 ~0.5 times of decay coefficient A, used in Zone (I).
And, x, is the location of the break point. This x, is defined as x, =x, -3H, (Larson

and Kraus, 1989).
The cross-shore sediment transport rate at broken wave zone (zone III) can be written as

below equation. Larson and Kraus (1989) modified equation (16) to include a slope term:

4=K(D-D, +=2 w0y D, —gahj
K oOx K ox (20)
& Oh
~o0forp<| D, -2

where # is the still-water depth, K is the sand transport rate empirical coefficient and &
is the slope-related transport empirical coefficient. The slope term was introduced to account
for the effect of gravity in limiting the steepness of the beach profile and to improve
numerical stability in the vicinity of the breakpoint bar. The application of equation (16) and
(20) in predicting transport magnitude and direction has varied slightly. In equation (20),
during storm conditions, when D 1is expected to be much greater than D

equation (16)

eq
and (20) will predict similar values of the transport rate. When D is less than D, ,

equation (16) yields a negative transport rate, implying onshore transport of material.

However, it has been shown in LWT data that accretion often occurs when D is greater

_11_



than D, (Larson and Kraus, 1989), making equation (16) unsuitable for predicting such

events. D and D, is defined by Moore (1982).

b LoF

= 2n

where # is the still-water depth and F is the energy flux of the waves.

By the equation (5) and (21), the energy dissipation per unit water volume D is given by
i 22
e ?(F —F)) (22)

where k& isthe empirical wave decay coefficient and d4 is the total water depth.

Substituting equation (9) for equation (21), the equation (22) can be written as follows:

D=ipg3/2 2h1'2%

23
16 AN IS (23)

After substituting the energy dissipation per unit water volume of equilibrium coastal

beach profile (D,,) for equation (23), then integrating equation (23) for x, following

equation (24) is given by

2/3

24D >

h:[ 3/2%2] X (24)
5p8y

By the equation (24) and (1), the energy dissipation per unit water volume of equilibrium

coastal beach profile (D,,) is defined as the shape parameter, which can be written as

follows:

5 3/2 2 43/2
D == A 25
w =g P8 (25)

_12_



where A4 is the shape parameter and y is the ratio between the wave height and the water
depth at breaking zone(= H,/h, ).

About swash limit of swash zone of Zone (IV), the equation (26) that is surf similarity

parameter function is used in this study as follows:

0.79
Z, tan
=147 —=— 26
H, (JHO/LO ] (26)

where Z, is the swash height, tang is the local beach slope seaward of the break point

and H,/L, is the wave steepness of deep water wave. And, assuming the cross-shore

sediment transport rate is straightly decreased from broken wave zone to end of swash zone,
topography is regularly occurred in swash zone. The cross-shore sediment transport rate of

the swash zone is expressed as

q=qz[’“’”j 27)

where ¢, denotes the cross-shore sediment transport rate at the end of the swash zone, x,
denotes the location of the swash zone, y denotes the runup limit, x, denotes the location

of the end of the swash zone and » denotes the undecided coefficient. » has 1.5 from
the numerical analysis result of the Horikawa and Sunamura (1996) in this study.

Since net cross-shore sediment transport rate is only carried out using equation (27),
sediment transport direction should be considered. This sediment transport direction is can

be written by Kraus et al. (1991).

3
%}M [H—;j ,erosion
w
]—[0 e (28)
L—°<M (—;j ,accretion
0 w

in which, M =0.0007 is an empirically determined coefficient, w is the fall velocity of

sediment particle and T is the wave period. If the left side of equation (28) is less (greater)
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than the right side, the profile is predicted to erode (accrete). Wave steepness describes the
wave asymmetry, whereas wave height and period appearing in the fall speed parameter
account for the absolute magnitudes of those quantities. The fall speed accounts for the

settling characteristics of sand particles.

-

P.P. B.P.
s 1 2 Coastal cliff collapse /
‘ i <A T & D

Breaking transition R
Swash zone Broken wave zone Prebreaking zone ™

Fig. 3 Principal zones of the cross-shore transport
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2.4 Calculation of the Continuity Equation of Sediment

When the coastal beach change is considered, the coastal beach volume conservation

equation can be written as follows:

0
Oh _[9q, L9 (29)
ot ox ou

where # is the profile elevation, taken positive below the still water level (S.W.L.); ¢, is
the cross-shore sediment transport rate of x-direction; ¢, is the cross-shore sediment

transport rate of y-direction (per unit hour and volume).
The coastal beach profile changes is consisted of the long-shore sediment transport (y-
direction) and cross-shore sediment transport (x-direction). Considering only incident wave

coming at a right angle to shore, equation (29) becomes as follows:

O il
ot 0Ox

(30)
Therefore, the coastal beach change can be computed by a conservation equation (30). In
order to raise the safety of calculation, cross-shore sediment transport rate is used by two

times step A as following:

k+1 k k+1 k+1 k k
h; h; _ l 9 —4; n 9iv1 — 4i (31)
At 2 Ax Ax

where Az is the unit distance, & is the time lever and i denotes the number of grid.
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2.5 Organization of the Numerical Analysis

The numerical analysis is carried out as shown in Fig. 4. Fig. 4 depicts calculative flow

chart of numerical analysis used in this study.

o e
»_ START )«
v Initial Beach Profile,
Wave Conditions,
Input Data (::I Sand Grain Size,
Beach Slope,

Calculation Time etc.

Calculation of wave deformation

Interation

NO

Check of the erosion range of the artificial Reef

Application corrected transport rate

A
Calculation of cross—shore sediment transport rate

Calculation of topography by continuity equation in basis of sediment

A

Check of beach slope collapse by a artificial reef

A 4

Beach Profile,
Output of results | <:| Wave Distribution,
Sediment transport rate.

Fig. 4 Flow chart of the numerical simulation
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2.6 Application of the Artificial Reef

In this study, an artificial reef is applied to exposed non-erodible bottom in broken wave
zone as shown in Fig. 5 and Fig. 6. As shown Fig 5, the bottom of the dune-beach profile is
composed of non-erodible bottom, such as rock and erodible bottom, such as sand. First, on
all part of coastal beach sections, if it is assumed that the coastal beach section is constituted
of sand which is eroded, the cross-shore sediment transport rated is calculated without non-
erodible bottom. Then, an artificial reef is applied. The availability of a limited volume of

sand yields the following condition in the change in transport Ag, in Fig. 5.
AV, = Aq At = (hy, — h)Ax (32)

where AV, is the availability of a limited volume of sand, %, is the elevation of non-

erodible profile, taken in a positive direction below the still water level (S.W.L.), i denotes

the number of grid, 4, is the elevation of erodible profile and Ag, is the cross-shore

sediment transport rate.

If a non-erodible bottom is already exposed in a particular cell as shown in Fig. 5, #,, =,
and Ag, =0 at the start and the end location of the non-erodible bottom. Precisely, this

means that there is no change of the cross-shore sediment transport rate in the section of the
exposed bottom because the start and the end location of the non-erodible bottom is same
with the location of the erodible bottom.
The accretion process does no affect a non-erodible bottom. However, a non-erodible
bottom is affected by the erosion process. According to the change of depth by the time lapse,

the erosion and accretion are divided into equation (33):

@)0, erosion

@<0, accretion
ot
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To apply of non-erodible bottom, during erosion process computation, it is important to
know whether or not a non-erodible bottom is exposed. It can be known from the following

equation (34).

{hl." )h,fw, , exposure } (34)

k k
h; < h,,,non—exposure

where 7, is the elevation of erodible bottom, 4, is the elevation of non-erodible bottom,

k 1is the time level and i is the number of grid. Equation (34) implies that a non-erodible

bottom is eroded and that the cross-shore sediment transport rate needs to be corrected.
Therefore, since an artificial reef is considered as exposed non-erodible bottom in this

study, the cross-shore sediment transport rate needs to be modified using the following

equation (35) with a scouring attenuation coefficient ( 4,, ) by Larson and Kraus (1998).

q=4q,+(y—q,)e " (35)

where ¢,, is the cross-shore sediment transport rate at x,,, x,, is the non-erodible bottom
area where an artificial reef is applied and 2,, is the scouring attenuation coefficient. The
bigger value of 1,, is, the larger the hollow is generated. So, this study has 1, =1.0m™".
Equation (35) produces ¢=¢,, if x=x, and g=¢, if x—>o.

Fig. 6 depicts sketch of the artificial reef which is applied to exposed non-erodible bottom

in this study.

where # is the water depth, 4, is the distance between the top of the artificial reef and the
surface of the water, &, is the height of the artificial reef and B is the width of the

artificial reef.
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CHAPTER 3: VERIFICATION OF THE COASTAL

BEACH EROSION MODEL

3.1 Verification of the Erodible Model

For the verification of the erodible numerical model, the results obtained form this
numerical analysis are compared with Larson (1994). Larson (1994) performed a numerical
model in German Large Wave Thank, which is seaward slope of 1:10 (V:H). The experiment
conditions are sand grain size Dy, =0.22mm, H =0.57m and T =3.0sec, during a time of
400 minutes. Fig. 7 compared numerical results with measured data by Larson (1994) and

displays that calculated data is bigger than in measured date by Larson (1994). However, two

graphs show the close tendency and good agreement.

1.5 Initial profile
1R\ J S\ Sz s Measured (Larson, 1994)
1.0 — — — — This study
05- Initi.al profile
’g ) This study
— 0- 47 . Measured SW.L. v
C D —_—_————
9 . ‘ SO\ —
c>U 'O.5*q 4 ” < T
Q 1° < 4 ’ B 4 \\\ \//\\\
T sand "4 T\
il 4 4 q ’ < \\\
< 4 4 =
-1.5- ! ) -
4 . 7 A g
4 4 A ) < 5
20— \ ] - \ \ R !
0 ) 10 15 20 25 30 35 40 45 50
Cross-Shore Distance (m)

Fig. 7 Comparison and verification of the numerical model with erodible
bottom
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3.2 Verification of the Non-Erodible Model

For the verification of the non-erodible numerical model, Dette and Uliczka (1986)
performed a numerical analysis with non-erodible bottom in a German Large Wave Tank,
which is seaward slope of 1:4 (V:H) from a height at 2m above the S.W.L. to the bottom of

the tank, located 5m below S.W.L.. The sand grain size is D, = 0.33mm . About 2m were

nourished for initial profile and the experiment was performed using waves with height at
1.5m and period of 6.0sec, during a time of 176 minutes. Fig. 8 compared numerical
results with measured data by Dette and Uliczka (1986). Fig. 8 depicts that the head of a
sandbar is bigger in calculated data than in measured data. However, on the whole, two
graphs show the same tendency and close agreement. Furthermore, the value of this
numerical simulation is shown to be closer to the measured data than that of the numerical

simulation, performed by Larson and Kraus (1998).

Hard bottom

Initial profile

This study

S=a - Dette & Uliczka (1986) Mea.
ffffffffff Larson and Kraus (1998) Cal.

S.W.L. v

Larson and Kraus (1998) Cal. -

This study
o Dette & Uliczka (1986) Mea.

\\ 9
\ Initial profile
\\

Elevation (m)

D
] "L o ol oy
10 20 30 40 50 60 70 80
Cross-Shore Distance (m)

|
o
o

Fig. 8 Comparison and verification of the numerical method with non-erodible
bottom
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3.3 Verification of the Model with an Artificial Reef

For the verification of the numerical model with an artificial reef, the results obtained
form this numerical analysis are compared whit experimental results by Uda el al. (1984).
This numerical computation is carried out under the same experimental conditions that Uda
et al. (1984). The incident wave condition used in this numerical computation is H = 6.0cm
and 7 =1.13sec.

The computation result after 104rs is compared with experimental results by Uda et al.
(1984) as shown in Fig. 9. Form this comparison, there is a small different, but the tendency
shows very close agreement. Therefore, this model can be applied to the numerical erosion

analysis in the coastal beach.

—— Initial profile
———— Udaet al. (1984)
| -—— This study
S S.W.L
0= i

Initial profile
This study
Uda et al. (1984)

-10 - :

Elevation (m)

Cross-Shore Distance (m) ~

Fig. 9 Comparison and verification of the numerical model with an artificial
reef
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CHAPTER 4: RESULTS AND REMARKS OF EROSION

ANALYSIS OF THE COASTAL BEACH

4.1 Erosion Analysis of the Coastal Beach with and without an
Artificial Reef

The numerical analysis of the coastal beach with and without an artificial reef is carried
out in order to investigate erosion control effect of the coastal beach by an artificial reef.

First, the numerical computation results of the erosion behavior for the coastal beach
without an artificial reef are depicted in Fig. 10(a) and (b). As shown in Fig. 10(a) and (b),
the coastal beach profile, described by Kim and Mun (2007), is used in this study. And this
coastal beach profile has slope of 1:81.20. As shown in Fig. 10(a) and (b), the numerical
computation is carried out with for each H =0.3m, 1m, 3.0m and 5.0m,respectively. The
wave condition used in this numerical analysis is the wave period of 6.0sec, during 304rs .

As shown in Fig. 10(a) and (b), the computation results show that the erosion of the
coastal beach is greater than other conditions of the wave height when the wave height is
5.0m . Also, form the Fig. 10(a) and (b), it is shown that the higher the wave height is, the
bigger the coastal beach erosion occurs.

Next, in order to investigate about erosion control effect of the coastal beach by an
artificial reef, the computation results of the erosion behavior for the coastal beach by an
artificial reef are presented in Fig. 11. As shown in Fig. 11, an artificial reef is established at
18m distance from the shoreline in broken wave zone. The conditions of the artificial reef
are the height of the artificial reef H =0.5m and the width of the artificial reef B =10m,
which is non-porous artificial reef. And the numerical computations of the erosion behavior
for the coastal beach with an artificial reef are carried out with same calculative conditions of
Fig. 10.

From the Fig. 10 and 11, the computation results show that it is more effective for the case
with an artificial reef than without an artificial reef in controlling the coastal beach erosion.

But the amount of erodible coastal beach can be discerned by naked eye with the Fig. 10

and 11, in order to minutely know about erosion control effect with accurate numerical value,
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the erosion height and the regression velocity of the coastal cliff due to the existence and
nonexistence of the artificial reef are given as shown in Fig. 12(a) and (b) and Table 1 and
Table 2.

Fig. 12(a) provides the erosion height of the coastal cliff for each height H =0.3m, 1.0m,
3.0mand 5.0m with and without an artificial reef. And, Fig. 11(b) presents the regression
velocity of the coastal cliff for each height.

As shown form Fig. 12(a) and (b), it is shown that the erosion control for the case with an
artificial reef is more effective than the results of the erosion behavior without an artificial
reef in controlling the coastal beach erosion. It is also shown that the erosion height of the
coastal cliff with an artificial reef is lower than the results of the erosion behavior without an
artificial reef, and the regression velocity of the coastal cliff with an artificial reef is slower
than the results of the erosion behavior without an artificial reef. This reason is considered
because the erosion of the coastal beach is controlled by an artificial reef established in
broken wave zone, and the wave force is weakened by an artificial reef.

Next, Table 1 and Table 2 give the numerical value of the erosion height and the
regression velocity of the coastal cliff for each wave height of Fig. 10 and Fig. 11. The
numerical analysis both with and without an artificial reef results show that the higher the
wave height is, the smaller the difference of the erosion height of the coastal cliff becomes,
as shown in Table 1.

And it is shown that the higher the wave height is, the larger the coastal beach erosion
occurs. Also, it is shown that the erosion height of the coastal cliff for the case with an
artificial reef is lower than for the case without an artificial reef, and the regression velocity
of the coastal cliff for the case with an artificial reef is slower than for the case without an

artificial reef as shown in Table 2.
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Table 1 Change of the erosion height of the coastal cliff due to the waves

(Unit: m)
Height of Cliff Without an ‘ With an
Wave Height Artificial Reef Artificial Reef
- 0.30 468816 | 0.70800
1.00 | 4.90534 | 0.48765
F RN o N
5.00 4.92497 | 1.65138

Table 2 Regression velocity of the coastal cliff due to the waves

(Unit: m)
Height of Cliff Without an With an
Wave Height Artificial Reef Artificial Reef
0.30 8.000 4.00
1.00 19.90 4.00
3.00 21.50 4.00
5.00 22.50 4.50
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4.2 Erosion Analysis of the Coastal Beach Due to the Offshore
Distance of the Artificial Reef

The numerical analysis of the coastal beach due to the offshore distance of the artificial
reef is carried out to investigate erosion control effect due to the offshore distance of the
artificial reef.

The numerical computation results of the coastal beach erosion behavior for each offshore
distance 18m, 68m and 118m are displayed in Fig. 13. The numerical computation of the
Fig. 13 carried out with H =3.0m and 7 =6.0sec. And, an artificial reef is established at
18m from the shoreline in broken wave zone because erosion control effect of the coastal
beach due to the offshore distance of the artificial reef when an artificial reef is established in
broken wave zone is the greatest. This artificial reef has conditions of the height #, =0.5m
and the width B=10m as shown in Fig. 6.

The erosion height and the regression velocity of the coastal cliff due to the offshore
distance of the artificial reef are presented in Fig. 14(a) and (b). And, the numerical value of
the erosion height and the regression velocity of Fig. 14(a) and (b) are given in Table 3.

As shown in Fig. 13, the computation results show that the farther the offshore distance of
the artificial reef form the shoreline is, the deeper the scouring depth at the inside of the
artificial reef becomes. And the computation results also show that the farther the offshore
distance of the artificial reef from the shoreline is, the greater the coastal beach erosion
occurs. And, it is shown that the farther the offshore distance of the artificial reef form the
shoreline is, the broader the eroded area at the outside of the artificial reef occurs. Also, it is
appeared the sandbar is formed at the 170m from the shoreline when the offshore distance
of the artificial reef is 18m, and it is also appeared that the closer the artificial reef from the
shoreline is, the more effective the erosion control of the coastal beach is.

From the numerical results of the erosion behavior for the coastal beach due to the
offshore distance of the artificial reef, it is shown that offshore distance 18m is more

effective than any other case in controlling the coastal beach erosion.
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Table 3 Change of the erosion height and the regression velocity of the

coastal cliff due to the offshore distance of the artificial reef

(Unit: m)
Offshore Distance of the Height of Velocity of the
Artificial Reef the CIiff Regression
100 4.00 16.50
150 5.00 17.00
200 5.50 17.50
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4.3 Erosion Analysis of the Coastal Beach Due to the Height of the
Artificial Reef

The numerical analysis of the coastal beach due to the height of the artificial reef is carried
out to investigate erosion control effect of the coastal beach due to the height of the artificial
reef. The numerical computation results of the erosion behavior of the coastal beach for the
each height of the artificial reef 7, =03m, 0.5m and 0.7m are shown in Fig. 15. The
numerical computation of the Fig. 15 is carried out with H =3.0m and 7 =6.0sec. An
artificial reef is established at 18m from the shoreline in broken wave zone, and this
artificial reef has condition of B=10m for each artificial reef’s height.

Form the numerical computation results due to the offshore distance of the artificial reef.
The reason why an artificial reef is established at 18m form the shoreline in erosion
analysis due to the height of the artificial reef is that it is more effective for the case of that
an artificial reef is established at 18m than other cases in controlling the coastal beach
erosion.

As shown in Fig. 15(a) and (b), it is shown that the higher the height of the artificial reef is,
the smaller the coastal beach erosion occurs.

The erosion height and the regression velocity of the coastal cliff due to the height of the
artificial reef are depicted in Fig. 16(a) and (b), and Table 4 provides the numerical value of
the erosion height and the regression velocity of the coastal cliff due to the height of the
artificial reef.

As shown in Fig. 15(a) and (b) and Fig. 16(a) and (b) and Table 4, the numerical results
showed that the higher the height of the artificial reef is, the smaller the coastal beach
erosion occurs. Also, the numerical results showed that the scouring phenomenon is
discovered at the outside of the artificial reef, and sandbar is formed at 170m form the
shoreline.

But, comparing erosion control effect due to the height of the artificial reef with erosion
control effect due to the offshore distance of the artificial reef, the erosion control ability due
to the height of the artificial reef is not effective than erosion control ability due to the

offshore distance of the artificial reef.
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Table 4 Change of the erosion height and the regression velocity of the

coastal cliff due to the height of the artificial reef

(Unit: m)

Height of the Artificial Reef

Height of the CIiff

Velocity of the Regression

0.30 9.50 19.50
0.50 5.50 17.50
0.70 5.00 17.00
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4.4 Erosion Analysis of the Coastal Beach Due to the Width of the
Artificial Reef

The numerical analysis of the erosion behavior of the coastal beach for each the width of
the artificial reef B=5m, 10m and 15m is carried out in order to know about erosion
control effect due to the width of the artificial reef. An artificial reef is established at 18m
from the shoreline in broken wave zone, and this numerical computation of the Fig. 17
carried out with H =3.0m and T =6.0sec.

The numerical computation results of the coastal beach due to the width of the artificial
reef are given in Fig. 17(a) and (b). And Fig. 18(a) and (b) show the erosion height and the
regression velocity of the coastal cliff due to the width of the artificial reef, and Table 5 gives
the values of the erosion height and the regression velocity of the coastal cliff.

As shown in Fig. 16 and Fig. 17(a) and (b) and Table 5, but there is no much difference in
erosion of the coastal beach at the inside of the artificial reef, it is shown that the narrower
(broader) the width of the artificial reef is, the bigger (smaller) the scouring depth and area at
the outside of the artificial reef occurs. This reason is considered because the narrower
(broader) the width of the artificial reef is, the bigger (smaller) the wave force which is
controlled by an artificial reef becomes. And, it is shown that sandbar is formed at 250m .

Alike with the erosion behavior results of the coastal beach due to the height of the
artificial reef, it is shown that the erosion control ability due to an artificial reef’s width is
not effect than the erosion control ability due to the offshore distance of the artificial reef in

controlling the coastal beach erosion.
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Table 5 Change of the erosion height and the regression velocity of the

coastal cliff due to the width of the artificial reef

(Unit: m)

Height of the Artificial Reef

Height of the Cliff

Velocity of the Regression

5 9.00 19.00
10 9.00 19.00
15 8.00 18.50
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4.5 Erosion Analysis of the Coastal Beach Due to the Berm
Location of the Artificial Reef

As mentioned above, an artificial reef with a berm is applied as exposed non-erodible
bottom as shown in Fig. 5 in this study. The sketch of the artificial reef with a berm used in
this study is depicted in Fig. 19. And in Fig. 19, % denotes the water depth, 4, denotes the
distance between the top of the artificial reef with a berm and the surface of the water, #,
denotes the total height of the artificial reef, #,denotes the height of the berm, B, denotes
the width of the artificial reef without berm and B, denotes the width of the berm.

In order to investigate about erosion control effect of the coastal beach due to the location
of the berm, when a berm is located at left-hand side, right-hand side and both-hand side, the
numerical analysis of the coastal beach due to the location of the berm was carried out,
respectively.

The numerical computation results of the erosion behavior of the coastal beach due to the
location of the berm are shown in Fig. 20. An artificial reef is established at 18m from the
shoreline in broken wave zone, and this numerical computation of the Fig. 20 carried out
with H=3.0m and T =6.0sec.

As shown in Fig. 20, it is shown that an artificial reef with a left-hand side berm is more
effective than any other condition in controlling the coastal beach erosion. And it is also
shown that the scouring area in artificial reef with a left-hand side berm is greater than other
two cases; the scouring depth is the smallest.

But the amount of eroded coastal beach can be discerned by naked eye from the Fig. 20, in
order to minutely know about erosion control effect with accurate numerical value, the
erosion height and the regression velocity of the costal cliff due to the location of the berm is
presented in Fig. 21(a) and (b).

As shown in Fig. 21(a) and (b), the numerical results show that an artificial reef with a
left-hand side berm is more effective than any other case in controlling the coastal beach
erosion.

Next, Table 6 gives the numerical values of the erosion height and the regression velocity
of the coastal cliff due to the location of the berm from the Fig. 20.

As shown in Table 6, but there is no much difference in the erosion height of the coastal
cliff, as the optimum condition of the erosion control of the coastal beach due to the location
of the berm, it is shown that an artificial reef with a left-hand side berm is more effective
than other two cases in controlling the coastal beach erosion. Also, it is appeared that the
scouring area in artificial reef with a left-hand side berm is greater than other conditions; the

scouring depth is the smallest.
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Table 6 Change of the erosion height and the regression velocity of the

coastal cliff due to the berm location of the artificial reef

(Unit:m)
Height of Velocity of the
Location of the Berm
the Cliff Regression
The Both-Hand Side 6.5 16.5
The Right-Hand Side 6.0 16.5
The Left-Hand Side 5.0 15.5
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4.6 Erosion Analysis of the Coastal Beach Due to the Incident Wave
Angle

The equation (4) of the wave transformation by Dally et al. (1980, 1985) is used in the
erosion analysis of the coastal beach due to the incident wave angle. As shown in Fig. 22, in
order to investigate about the erosion behavior of the coastal beach due to the incident wave
angle, the erosion analysis of the coastal beach due to the incident wave angle is carried out

when the incident wave comes into as 0°, 15°, 30°, 45°, 60°, respectively.

In this study, since it is assumed that the incident wave comes into as 0° to the shoreline
(y-direction), the equation (4) can be written using equation (36) when incident wave comes

intoas 0°.
0 k
—(F-cos@)=—(F-F)=D (36)
ox d

Therefore, the coastal beach erosion behavior due to the incident wave angle can be
expressed as the energy dissipation (D) as shown in the equation (36).

where F is the energy flux of the wave, F, is the stable energy flux of the wave, & is

the empirical wave decay coefficient, d 1is the total water depth, 0 is the incident wave
angle and D is the energy dissipation per unit water volume.

On the erosion analysis of the coastal beach due to the incident wave angle, an artificial
reef is established at 18m from the shoreline in broken wave zone. The numerical analysis
of the coastal beach due to the incident wave angle is carried out in order to investigate about
difference of the coastal beach erosion due to the incident wave angle, respectively .

The numerical computation results of the erosion behavior of the coastal beach for each
incident wave angle is 0°, 15°, 30°, 45° and 60° are provided in Fig. 23. The
numerical computation of the Fig. 23 carried out with H =3.0m and 7 =6.0sec. And, Fig.
24(a) and (b) depict the erosion height and the regression velocity of the coastal cliff due the
incident wave angle. The numerical values of the erosion height and the regression velocity
of the coastal cliff due to the incident wave angle are given in Table 7.

As shown in Fig. 23 and Fig. 24(a) and (b) and Table 7, the numerical results show that

the smaller (larger) the incident wave angle is, the larger (smaller) the coastal beach erosion

occurs. That is, it is shown that when incident wave comes into as 0° to the shoreline, the
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coastal beach erosion is the greatest. And, when the incident wave comes into as 15°, the
scouring area is the greatest at the outside of the artificial reef. Also, it is appeared that the

coastal beach erosion is not seriously affected when the incident wave angle comes into as

45° and 60°.

>
Y

///M Shoreline

Fig. 22 Sketch of the incident wave angle
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Table 7 Change of the erosion height and the regression velocity of the

coastal cliff due to the incident wave angle

(Unit: m)
Incident Wave Angle | Height of the Cliff | Velocity of the Regression
0" 4 20
K 1 17
30° 1 16
45° = 4
60° = -
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CHAPTER 5: CONCLUSIONS AND FUTURE WORK

5.1 Conclusions

In order to solve the problems related in preservation and utilization of the coastal beach,
when it comes to these coastal beach erosion behaviors, numerical simulations for the
erosion behavior and erosion process in the coastal zone has actively been studied all over
the world. Prediction of the coastal beach erosion behavior using numerical simulation has
been used as one method, which solve many problems related in preservation and utilization
of the coastal beach.

In this study, the numerical analysis of the coastal beach with and without an artificial reef
was carried out in order to control the coastal beach erosion and reduce the damages of the
coastal beach by the erosion motion through numerical simulation. And the numerical
analysis of the coastal beach due to the offshore distance, the height and the width of the
artificial reef was carried out to investigate about the optimum conditions of the artificial
reef in controlling the coastal beach erosion. The erosion analysis of the coastal beach due to
the location of the berm was carried out in order to investigate erosion control effect of the
coastal beach due to the location of the berm. Also, in order to investigate about the
difference of the coastal beach erosion due to the incident wave angle, the erosion analysis of

the coastal beach due to the incident wave angle was carried out. In the numerical analysis
due to the incident wave angle, the incident wave angle was applied to 0°, 15°, 30°, 45°

and 60°, respectively.
The results obtained from this erosion analysis were compared with Uda et al. (1984), and
from the comparison and verification, it is shown that obtain very good agreement. The

major results gained form these numerical analyses are as follows:

(1) The numerical result shows that the result is more effective for the case with an

artificial reef than without an artificial reef in controlling the coastal beach erosion.
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From the erosion analysis of the coastal beach due to the offshore distance of the
artificial reef, the numerical computation results showed that the closer the offshore
distance of the artificial reef from the shoreline is, the smaller the coastal beach erosion
occurs. But, the farther (closer) the offshore distance of the artificial reef form the
shoreline is, the deeper (smaller) the scouring depth at the inside of the artificial reef
occurs. Also, the numerical results showed that the farther the offshore distance of the
artificial reef is, the bigger the eroded area of the coastal beach at the outside of the

artificial reef occurs.

From the results of the numerical erosion analysis due to the height of the artificial
reef, it is shown that the higher the height of the artificial reef is, the smaller the coastal

beach erosion occurs.

On the erosion analysis of the coastal beach due to the width of the artificial reef, but
there is no much difference in coastal beach erosion, the numerical results showed that
the narrower (broader) the width of the artificial reef is, the deeper (smaller) the
scouring depth occurs. Also, the results showed that the narrower the width of the

artificial reef'is, the larger the scouring area at the outside of the artificial reef becomes.

As the optimum conditions of the artificial reef to control the coastal beach erosion,
it is shown that as the offshore distance is close to the shoreline, as the height of the
artificial reef is high and as the width of the artificial reef is broad, the coastal beach
erosion is well controlled by an artificial reef. But, it is shown that offshore distance of
the artificial reef is more important condition than the condition of the height and the

width of the artificial reef in controlling the coastal beach erosion.

On the erosion analysis of the coastal beach due to the location of the artificial reef’s
berm, it is shown that an artificial reef with a left-hand side berm is more effective than
any other condition in controlling the coastal beach erosion. And it is also shown that
the scouring area in artificial reef with a left-hand side berm is greater than other two

cases; the scouring depth was the smallest.
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@) Form the erosion analysis of the coastal beach due to the incident wave angle, the
numerical results showed that the smaller (bigger) the incident wave angle is, the bigger

(smaller) the coastal beach erosion occurs. That is that, the coastal beach erosion is the
most greatest when the incident wave comes into as 0° to the shoreline. And, it is also

shown that when the incident wave comes into as 15°, the scouring area is the greatest

at the outside of the artificial reef. Also, it is shown that the coastal beach erosion is not

seriously affected when the incident wave comes into as 45° and 60°.

Therefore, this numerical method will be broadly used in prevent erosion and protect eco-
system in the coastal beach zone in the future. And the results obtained by this erosion

analysis will usefully be used to control the erosion process.

5.2 Future Work

The topics of research, which need to be addressed in the future, are listed below.

In this study, the numerical simulation of the coastal beach erosion behavior, including
erodible bottom, non-erodible bottom and exposed non-erodible bottom was carried out. But
it is necessary to study in order to raise accuracy of the numerical analysis.

The compacted effect of sand dune surface, the covering effect by landing treatment, the
recovering of eroded area by wind-blown sand, the flow effect by the storm waves or
tsunami and the formative factor are should be considered in the future. Also, the difference
of the coastal beach by porous and non-porous of the artificial reef should be considered.
And the improvement of the numerical simulation by field surveying is necessary in the

future.
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