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ABSTRACT: Indonesia is in the spotlight due to erosion and abrasion, especially on the North Coast of Java. The
location of Tirang Beach, which is part of the North Java coast, has faced these problems for a few years. This
disaster is also aggravated by the rising sea level caused by climate change. Tirang Beach area requires restoration
efforts to improve the quality of life for the community. Artificial Fish Apartment (AFA) is proposed as a coastal
protection alternative. This structure is designed to catch sediment, restore the marine ecosystem’s habitat, and be
a tourist attraction. The AFA structure will consist of concrete blocks with cavities on each side of the block. The
concrete block is square and arranged stacked up to resemble a trapezoid. The modelling of hydrodynamic and
sediment transport conditions using Delft3D models was carried out. Modelling is conducted for three AFA layout
scenarios and compared to existing conditions. The study indicates that scenario two positively impacts the
emergence of new land. The analysis shows that scenario two gets maximum sedimentation and is the most
significant change for the seabed elevation change. Thus, it is predicted that reaching MSL will take approximately
four years. Compared to the existing condition, the average calculated wave height reduction is approximately 0.3
m. The Analytic Hierarchy Process (AHP) method was employed to determine the best alternatives. The results
indicate that scenario two is highly recommended as the top priority, followed by scenario 5 in second place.
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1. INTRODUCTION the common problems take place around the world
through erosion and abrasion [13]. Erosion and
Indonesia, is a nation of interconnected islands abrasion happen because of the sea waves from the
[1], is rich in territorial waters and natural resources. deep seas. The climate change [14] and sea level rise
Its diverse marine life, including fish, shrimp, and [15] increase the number of locations affected by
seaweed, is a shared treasure that must be preserved erosion and abrasion.
for the benefit of all Indonesians. This Erosion of coastal areas due to waves and ocean
interconnectedness  underscores  the  shared currents, as well as abrasion, a natural process in the
responsibility in maintaining the sustainability of our form of soil erosion or rocks, can significantly impact
marine resources [2]. the marine ecosystem [16]. The sediments carried by
Indonesia's island-dotted geography results in a the sea can damage the coastline, affecting the
vast expanse of seas and coastal areas, which are habitats of marine life. These two processes can harm
often the heart of our activities [3]. For many nature and humans living in the vicinity area and
Indonesians, particularly those who make a living as disrupt the delicate balance of the ecosystem.
fishermen, these waters are not just a source of life The disaster will impact the retreat in the
but a lifeline. The marine potential for our community's economic sector and will continue to
communities is not just significant; it's urgent and impact the community's welfare [17]. Many people
must be harnessed for the sustainability of our will lose their homes because the land area has
society. experienced erosion and seawater abrasion [14].
Since a few years ago, the coasts over the world Therefore, the sustainability and defence of
have faced a lot of issues related to coastline change, Indonesia's coastline are essential, and a solution is
such as in South Africa [4], Southeast Asia [5], and needed to address the problems in Indonesia.
Australia [6]. This problem also happened in In  Indonesia, many coastline areas are
Indonesia [7]. There are some causes of this experiencing deterioration, especially Semarang, the
phenomenon, such as erosion and abrasion [8], land north coast of Java [18]. Along the coastline, there are
degradation [9], climate change [10], sea level rise many tourist attractions, such as pond fish farming
[11] and land subsidence [12]. From all the causes, and residences around the area. The main problems at
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Semarang Beach are erosion and abrasion due to
destructive waves that keep the coastline retreating
[19].

Fig. 1 Location of Tirang Beach, in 2023 (red line)
and 1985 (yellow line) coastal line

Figure 1 shows the location of Tirang Beach. The
yellow line shows the coastline in 1985, and the red
one shows the coastline in 2023. This picture shows
massive erosion and abrasion in this area for over 30
years. The coastline has moved up to 2 km from the
initial, and much land has gone.

According to personal digitization, the coastline
of Tirang has retreated around 2,500 m for 38 years.
Thus, Tirang Beach's coastline has retreated about 65
m every year. Tirang Island, previously a mainland
area, now only remains of beach sand.

The retreat in the coastline is not simultaneous
[20]. A long erosion process occurred continuously to
form a bowl, which became like a bay. Therefore, a
solution design plan will be carried out to overcome
the problem of shoreline retreat in Central Java. A
breakwater structure can probably prevent erosion
and abrasion on the north coast of Java.

The design plan is at Tirang Beach, North Java
Coastal, Indonesia. This structure was chosen since
Tirang Beach is a tourist location, and it can reduce
wave energy [21] while still paying attention to
environmental aspects [22]. Fish farming can also be
done in the area. It will be below the water's surface
and will not detract from the beach waters and the
scenery.

2. RESEARCH SIGNIFICANCE

The breakwater is designed using a permeable
structure. Permeable structure is porous structure that
allows water to pass the structure while others are
reflected. The structure that will be designed is a kind
of artificial reef called an Artificial Fish Apartment
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(AFA). The structure is used to reduce sea waves
partially [23], rebuilds marine aquatic ecosystems
[24], and also trap sediment at the back of the
structure. In a few years, the AFA’s structure will be
new habitat for marine ecosystem and the sediments
will gradually become land again to restore the beach
to its original shape [25].

3. MATERIALS AND METHODS
3.1 Wave Reflection

Wave reflection is a change in the direction of
wave propagation towards the medium of origin
(reflected) when it hits a barrier. The law of wave
reflection is that the angle of the incidence of the
wave is equal to the angle of the reflection of the wave.
Incoming waves that hit an obstacle will be partially
or wholly reflected [26]. Reviewing wave reflection
is essential in planning coastal structures, especially
coastal construction. Table 1 shows a comparison
between dam type and its reflection coefficient (Kr).
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Table 1. Reflection Coefficient Based on Structure
Type

DAM Type Kr
Vertical wall with a peak above the 0.7-10
water
Vertical wall with submerged top 0.5-0.7
Slanted-sided stone pile 0.3-0.6
Pile of concrete blocks 0.3-0.5
(perforated) 0.05-0.2

A structure that has sloping sides and is made of
piles of stones will be able to absorb more wave
energy than an upright and massive structure. When
incoming waves meet or encounter obstacles such as
coastal defence structures, these waves are wholly or
partially reflected [26]. The event of a reflected wave
that hits an obstacle is called a reflected wave. Wave
reflection influences the wave vicinity [27]. The
reflection factor can be formulated as Eq. (1), or we
can use the number of Kr instantly, as shown in the
Table 1.

Wave reflection analysis is critical in designing
coastal defense structures because it determines
whether the structure can optimally absorb wave
energy [28]. The reflection coefficient, which is the
ratio between the reflected or reflected wave height
and the incident wave height, can determine the
structure's ability to reflect waves.

3.2 Wave Transmission

Wave transmission is the remaining energy of a
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wave after passing through/penetrating a wave barrier
structure. Wave characteristics highly influence the
transmission of waves. The transmission coefficient
(t) is the ratio of the amplitude of the transmitted wave
to the incoming wave. Wave transmission occurs
when a structure partially blocks high waves but not
entirely, allowing the remaining wave to
communicate towards the shore. The emitted wave
height is smaller than the incoming wave and the
wave period, which differs in magnitude. Considering
irregular waves, the transmission coefficient is the
ratio or proportion between the wave height passing
through the structure and the incoming wave height,
obtained from Eq. (2).

Ht _ (Et\%5
ke == (%) @

The Simulating Waves Near Shore (SWAN)
model in the Delft3D-Wave menu can estimate wave
transmission through structures such as underwater
structures acting as Artificial Fish Apartments (AFA)
in this study. However, the equation does not include
the structure's porosity parameter. Therefore, the
AFA structure is modelled using an obstacle feature
barrier with a type adapted to its shape from its cross-
section.

Kt supmergea = 0.5 (1 _ sin (% (Bt 5))) 3)
With
B-a<Z<a-p 4)

In determining the transmission coefficient values
of the embedded structure for each modelling
scenario, they need to be found using previous
calculations to be included in the wave modelling
parameters as shown in Eq. (3). The equation used
when the value of a and g meet the Eq. (4). A more
straightforward way, coefficient @« and g for the
structure type coefficients based on the Seelig
coefficient based on Delft3D-flow user manual has
listed in Table 2.

Table 2. Reflection Coefficient Based on Structure
Type

Case Type of Obstacle [} B

Vertical Thin Wall 1.8 0.1
Caisson 2.2 0.4
Dam with slope 1 : 2 2.6 0.15

3.3 Wave Hindcasting

The wave hindcasting was conducted to
determine the significant wave height (Hs), wave

period (Tp) and wave direction. Waves are complex
phenomena formed due to long-term wind and
happen continuously [29]. Hence, the wave was
influenced by the wind stress factor (Ua) and
effective fetch length (Feff). The data was formulated
using numerical simulation. The wind stress factor is
the strength of the wind blowing, while fetch
indicates the wind races in 8 directions. Wave
hindcasting was analyzed for each direction.

3.4 Hydrodynamic Modeling

Deltares has developed fully integrated computer
software encompassing various multidisciplinary
approaches and 2D computations for coastal, river,
and estuarine areas. The simulations using Navier
Stoke Equation that can be performed include water
flow, sediment transport, waves, water quality,
morphological development, and ecology [30].

This model is a hydrodynamic simulation
program that calculates non-steady flow and transport
phenomena due to tidal and meteorological forces
acting on a square or curved longitude-latitude grid
[31]. Several input files are required when setting up
the hydrodynamic model in Delft3D. These files are
crucial for modelling the Artificial Fish Apartment
structure and include data on tide, wind, topography,
sediment concentration, and estuarine sediment
concentration and discharge [32].

4. RESULTS AND DISCUSSION

This research utilizes software to model the
occurrence of currents and waves using Delft3D-
Flow and Delft3D-Wave, which will be coupled to
obtain accurate modelling results. Additionally, the
sedimentation and erosion data will be examined at
several designated observation points, further
explained in the following section.

4.1 Fetch Processing

The fetch processing serves as an input parameter
for hindcasting to determine wave height and period.
This allows for visualization of the directions from
which waves will approach Tirang Beach. The fetch
is created using AutoCAD software, incorporating a
map of Indonesia. The fetch follows the SPM 1984
standard, with points located 20 m from the shoreline
as the central point. From these points, lines are
drawn at a maximum of 120 km or until the fetch line
reaches an obstacle. There are 72 fetch lines at every
5-degree angle. The formula for calculating the
effective fetch is in Eq. (5).

__ YFixcosa
Feff - Y.cosa (5)

The calculation results are presented in Figure 2
and Table 3. As a result, each cardinal direction has
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nine fetch lines; each indicated with a different colour.

Every colour shows a different direction of fetch.
Each fetch's length and angle data are recorded to
calculate Hs and Ts. Therefore, from the effective
fetch lengths calculated, it can be observed that the
most extended and dominant effective fetch length is
from the northwest direction, with a length of 120,000
m.

Fig. 2 Fetch Analysis

Table 3. Table of Fetch Calculation Results

Direction Length (m)
North 114,025
North East 74,453
East 19,625
South East 11,025
South 6,282
Southwest 5,775
West 34,097
Northwest 120,000

4.2 Significant Wave Height and Period

Calculated of Hs (significant wave height) and Ts
(significant wave period) using the corrected wind
data. One of the corrections involves adjusting the
U(10) elevation. This correction is necessary because
the wind data collected from NOAA is surface wind
data obtained from a layer in the atmosphere known
as the constant shear layer. The wind is located within
a height up to 10 m above sea level. The wind data is
adjusted to a height of 10 m based on the wind
observation speed rate. The wind stress factor (Ua) is
calculated using the Eq. (6) formula.
Ua =0.71 (U10)1.23. (6)

After the initial calculations, further analyses
were conducted to determine the significant wave
height and period for each direction. This involved
classifying the data for each direction to identify the
highest and most dominant Hs and Ts values. The
influence of fetch lengths on these values is
significant, with the most extended fetch lengths
unobstructed by land masses, resulting in the most
dominant and more substantial wave height and
period. Therefore, calculations for significant waves
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and periods were generated for the eight designated
directions according to the fetch divisions. The
resulting calculations for Hs and Ts are as follows in
Table 4.

Table 4. Recapitulation of Hs and Ts in 8 Directions

Direction Hs (m) Ts (s)
North 0.59 3.79
North East 0.35 2.80
East 0.36 2.53
South East 0.23 2.03
South 0.13 1.55
Southwest 0.13 1.51
West 0.33 2.63
Northwest 0.91 2.92

Based on the analysis, the wave forecasting
conducted shows that the most dominant waves are
observed from the North and Northwest directions.
This is supported by the considerable fetch lengths
due to the absence or minimal obstruction from land
masses. The dominant waves from the North
direction have a significant wave height (Hs) of 0.6 m
and a considerable wave period (Ts) of 3.8 s, and from
the Northwest, the wave reaches 0.91 m (Hs) and
period 2.92 s (Ts).

4.3 Existing Condition

All the data collected is used as input data in the
Delft3D model. For the first condition, we create a
model in the existing condition. This model aims to
forecast the condition of Tirang Beach three months
later. There are 25 observation points as shown with
x mark. Observation points were added around the
coastline to get information. Figure 3 represents the
observation points in the red box from T1 until T25.

Fig. 3 Observation Points

As predicted, the modelling results for the next
three months indicate a significant and continuous
erosion, leading to a substantial decrease in the
seabed's surface level. Figure 4, a sample from 4 of
the 25 observation points, shows the cumulative
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erosion over time. The highest erosion occurs in the
first month and continues until the third month, with
the cumulative erosion for three months reaching
almost 0.05 m. This continuous erosion brings
negative implications to the coastal area.
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Fig. 4 Cumulative Erosion
4.4 Safety Structure Scenarios for Tirang Beach

The planning of the AFA (Artificial Fish
Apartment) structure will involve several scenarios
that will be further analysed to determine the most
effective solution with the most positive impact on
the erosion events. The purpose is to achieve the
maximum erosion reduction or even transform the
existing erosion conditions into  significant
sedimentation, Since waves from the Northwest
direction predominantly influence Tirang Beach, it is
estimated that the structure, in addition to being
parallel to the shoreline, should be designed
perpendicular to the coast to effectively reduce wave
impact and maximise sediment trapping behind the
structure.

8.0 cm

44 .0 cm 60.0 cm

80em= I soem—

Fig. 5 Detail Dimension of Artificial Fish Apartment

The modified AFA structure will consist of
concrete blocks arranged in a specific pattern with
cavities on the sides of each block. The concrete
block has a square shape with a side length of 60 cm
in the outer and 44 cm in the inner as visualise in 2D
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at Figure 5. The structure is arranged in a stacked up
to resemble a trapezoid, as seen in the Fig. 6.

Fig. 6 Structure of Artificial Fish Apartment

The focus of the research is finding the best layout
configuration of the AFA’s structure; hence, three
scenarios are proposed. Every scenario is designed
with distinct configurations, as shown with the orange
colour in Fig. 7. The size of the scenario designs
follows the dimensions of the grid, which is square
with 50 m x 50 m in length.

4.4.1 Scenario 1

The first scenario of the AFA structure was
arranged vertically up to 1.8 m. It was located around
100 m from the coastline and designed like a T-
shaped structure, as shown in the red line in Figure 6.
The length of the T-shaped structure is 150 m and 100
m.

4.4.2 Scenario 2

The second scenario of the AFA structure is
designed like a square temple. This structure consists
of two layers with different lengths and heights. The
outer layer of the structure will have a height of 1.8 m
with lengths up to 200 m. The second layer will be
positioned in the centre of the AFA at a height of 3m
and a length of 100 m on each side. The second layer
exceeds the Mean Sea Level (MSL) elevation and
will be visible during low tide. Hopefully, it will
provide an aesthetically pleasing feature.

4.4.3 Scenario 3

The third scenario was arranged in a square shape
with a length of 100 m on each side. The design is like
the second scenario. Still, without the first layer, the
design eliminates the outermost, massive first layer
and retains only the second layer. The height of the
structure exceeds the Mean Sea Level (MSL). Figure
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8 visualises the third scenario.
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Fig. 7 Layout Configuration of Artificial Fish
Apartment Each Scenarios

4.5 Analysis of Reflection Coefficient Due to
Porosity of AFA Structure

In calculating the reflection coefficient, we have
to determine the structure's porosity by evaluating its
volumetric flow obstruction. This involves precisely
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calculating the fluid volume ratio to the structure's
total volume. The porosity calculation follows the
formula proposed by Mancheno in their 2021
research [33]. Based on the formula, Table 5 shows
the obstructed fluid volume compared to the total
volume. According to the table, porosity of AFA with
an outer side length of 60 cm and an inner side length
of 44 cmis 0.6.

Table 5. Calculation Structure Porosity

Unit Value Unit

Radius 104 cm Cm

Concrete Width 8cm Cm

Water Volume 131.648 Cm®
n (porosity) 0.61 -

It was found that there is a relationship between
wave steepness, which refers to the wave's slope, and
the wave reflection coefficient for solid structures.
The measurement of wave steepness is based on the
waves in front of the planned structure at Tirang
Beach. Experiments involving different widths of
submerged structure peaks had minimal influence on
the change in Kr values. As a result, the porous
structure's reflection coefficient values in each
structure construction scenario can be seen in Table 6.

Table 6. Reflection Coefficient

Scenario 1 2 3
Krsolid 0.28 0.3 0.28 0.28
KT porous 0.19 0.2 0.19 0.19

By knowing the reflection coefficient values for
solid structures, the reflection coefficient for the
porous structure can be determined. The
determination of the reflection coefficient for the
porous structure is based on previous research
conducted by Chyon in 2017 [34]. In their study,
Chyon established a relationship between the
reflection coefficients for porous and solid structures
based on the porosity values (n) as calculated earlier.
The porosity value for a solid structure is 0 since it
does not allow water or sediment to pass through [34].

4.6 Analysis of Transmission Coefficient Due to
Porosity of AFA Structure

The porous AFA structure is designed with
cavities to allow wave transmission and reduce wave
energy. The wave transmission coefficient represents
the wave reduction caused by the presence of the
porous AFA structure. The structure reflects waves
on its solid parts while reducing the incoming sea
waves through the cavities present in the AFA
structure. The magnitude of wave reduction caused
by the AFA structure can be analysed through the
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value of the transmission coefficient, where a smaller
transmission coefficient indicates a more significant
contribution of the AFA structure in wave reduction.

The transmission coefficient is obtained by
considering the transmission coefficient of the porous
or cavity structure and the structure's coefficient in
fully submerged conditions. The submerged
transmission coefficient is obtained with utmost
precision by modelling the AFA structure using the
advanced Delft3D. Calculations from previous
analyses are incorporated as parameters in the wave
modelling to determine the transmission coefficient
of the embedded structure for each modelling
scenario. Table 7 shows the transmission coefficient
that is used.

Table 7. Transmission Coefficient

Scenario 1 2 3
Kt porous 0.88 0.33 0.88 0.88
Kt submerged 0.16 0.42 0.16 0.16
Kt final 0.14 0.14 0.14 0.14

The values of o and [ are selected to correspond
to the shape of the DAM structure, with an assumed
value of o = 2.6 and = 0.15. Furthermore, the width
of the modified AFA structure (B) will be determined
asl.2m.

4.7 Analysis of Erosion and Sedimentation

The analysis of the AFA structure modification
can be observed explicitly by modelling the
conditions of Tirang Beach, incorporating the
structural parameters placed at specific locations
within the observation points in the conducted
modelling. In the modelling, there are 25 observation
points spread along the coastline of Tirang Beach,
where the erosion and sedimentation conditions in the
existing state can be examined for each point.

These scenarios can be visualized through time
series graphs, depicting the changes in erosion and
sedimentation over time. Figure 8-12 shows the
results of erosion and sedimentation for the fourth
row of observation points at T16 until T20. The row
from T16 to T20 is selected as the main observation
location because it is anticipated to have the highest
sedimentation in front of Tirang Beach.
Sedimentation or erosion at another point have a
lower a result than T16 to T20.

The model was conducted for three months and
the data was shown each 2 weeks. Based on the
analysis, scenario 2 has the highest resultin T16, T17,
T18 and T19. Meanwhile, in T20, the first scenario
gets the highest results.
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o o
() w

o
=

Erosion/Sedimentation (m)

-0.1
0 2 4 6 8 10 12
Weeks
=8—EXisting —8—Scenario 1

Scenario 2 =@—Scenario 3

Fig. 10 Graphic of Erosion and Sedimentation at
Observation Point T18



International Journal of GEOMATE, April, 2025 Vol.28, Issue 128, pp.19-32

o
w

o
o

|

Er/Sed (cm)
[E=Y
o1

o
o -

S
=

Erosion/Sedimentation (m)

0 2 4 6 8 10 12

Weeks
=@-EXisting =@-Scenario 1
Scenario 2 =@=S5cenario 3
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Fig. 12 Graphic of Erosion and Sedimentation at
Observation Point T20

Observation points T17 - T19 in scenario two
experience significant sedimentation of up to 0.25 m
due to the increased height of the second layer
structure, resulting in a higher sediment trapping
capability. In scenario 3, sedimentation reaches 0.17
m, resulting in an increase of approximately 0.22 m
from the initial elevation of - 0.05 m. If scenario 2
exhibits an increase of 0.28 m, there is a difference of
0.05 m between scenarios 2 and 3.

According to the model results from observation
points, sedimentation in the first scenario ensues at
T20, with the sediment high at less than 5 cm. The
second scenario gets the highest result. The
sedimentation takes place at 12 observation points.
The accumulation of sediment reached 30 cm at
observation point T13. In the third scenario, sediment
settles at 4 locations, with the highest accumulation
reaching 17 cm at T19. Figure 13 depicts the
sedimentation and erosion at each observation point.
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Fig. 13 Graphic of Cumulative Erosion and
Sedimentation at Each Observation Points

Based on Fig. 13, the results indicate that scenario
2 has the best impact on land emergence. This is
evident from the significant sedimentation values
observed in each row. This scenario has the highest
sedimentation and occurs at 12 of 25 observation
points.

4.8 Changes in Seabed Elevation

The analysis of the AFA structure modification
can be observed explicitly by modelling the
conditions of Tirang Beach, incorporating the
structural parameters placed at specific locations
within the observation points in the conducted
modelling. In the modelling, there are 25 observation
points spread along the coastline of Tirang Beach,
where the erosion and sedimentation conditions in the
existing state can be examined for each point. These
scenarios can be visualized through time series graphs,
depicting the changes in erosion and sedimentation
over time.

As previously modelled, Tirang Beach's current
seabed condition experiences erosion and decreased
coastal seabed elevation. Changes in the seabed
elevation align with the modelling of erosion and
sedimentation, which can be observed at each
designated observation point mentioned earlier as
seen at Figure 14 — 18.
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Fig. 14 Graphic of Changes in Seabed Elevation at
Observation Point 16
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Fig. 17 Graphic of Changes in Seabed Elevation at
Observation Point 19

Bed Level (m)
S
S

Weeks
=@==Scenario 1

=@==Scenario 3

—=@—EXisting
Scenario 2

Fig. 18 Graphic of Changes in Seabed Elevation at
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Implementing the modified AFA structure as a
coastal protection measure against incoming large
waves from the sea and to calm the waters in front of
the beach can effectively deposit sediments.
Scenarios that result in the most significant increase
in seabed elevation will significantly reduce erosion
or even facilitate sedimentation in certain conditions.

According to the graph, there is a substantial
increase in seabed elevation due to significant
sedimentation, with the highest increase reaching an
elevation of -0.25 m. This represents a change of
approximately 0.25 m compared to the previous
elevation of -0.55 m. This occurs primarily because
scenario 2 involves layered structures, allowing for
gradual and more effective wave reduction, resulting
in calmer waters and increased sediment deposition.
However, at observation point T20, which is on edge,
the direction of the wave from the northwest has
already deposited most of the sediment at other points
in scenario 2. As a result, T20 does not exhibit a
significant increase in elevation.

Table 8. Maximum Changes in Seabed Elevation

Deviation (m)
50 0.006 0.126 0.161 0.165 0.024
100 0.004 0.242 0.274 0.287 0.018
150 0.003 0.317 0.347 0.325 0.012

200 0.002 0.264 0.335 0.256 0.004
250 0.001 0.002 0.002 0.002 0.001

Analysis of the seabed elevation is shown in
Figure 19 - 23. The second scenario on the graph
obtains the most significant changes, with a
maximum increase of 0.35 m in the seabed elevation
within three months. The wave reduction is already at
its maximum for T16 - T19. Table 8 describes the
maximum changes in seabed elevation.
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In the first scenario, at observation point T20, the
substantial sediment capture is a testament to the
effectiveness of our data collection methods, leading
to a maximum seabed elevation increase of 0.09 m at
this location. In the first scenario, elevation increased
up to -0.3 m from -0.51 m, resulting in a rise of 0.21
m.

Consequently, from the most profound seabed
elevation of -1.4 m, reaching the Mean Sea Level
(MSL) elevation and emerging new land can be
predicted to occur in approximately four years.
Achieving the High Highest Water Level (HHWL)
condition at an elevation of 0.59 m would require
approximately 5.7 years. For scenario 3, it would take
six years to reach the Mean Sea Level (MSL)
elevation and for land to emerge. Scenario 2 would
take approximately 5.7 years to get the Highest High-
Water Level (HHWL) of 0.59 m, whereas scenario
three would require nine years to achieve the same
HHWL elevation.

4.9 Analysis of Wave Reduction Due to the
Structure

As previously known, Tirang Beach experiences
significant erosion or abrasion due to destructive
ocean waves. Therefore, analyzing the wave
reduction caused by the Artificial Fish Apartment
(AFA) protective structure becomes crucial.

The higher the reduction in wave height, the lower
the wave energy in the waters surrounding Tirang
Beach, which  positively impacts  desired
sedimentation events. This analysis, which will be
conducted with a comprehensive approach, will
involve examining the maximum wave heights during
the modelling period and comparing them with the
existing conditions and all structural scenarios.

Figures 24 highlight a crucial finding. The second
scenario demonstrates the most significant wave
reduction. In scenario 1, the reduction is uneven,
sometimes approaching zero, resulting in the absence
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of formed waves. The average wave reduction
calculation shows that the second scenario
outperforms the existing conditions with a reduction
of 0.3 m. In contrast, scenarios 1 and 3 show a slightly
lower reduction of approximately 0.12 m, while
scenario 2 reduces wave height of less than 0.1 m.
These findings are of paramount importance in
understanding wave reduction scenarios.
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Fig. 24 Wave Reduction Graph for Each Observation
Points

Table 9 compares wave reduction in front of
structures in every scenario. The calculation of
reduction in wave height before and after the
structural scenario shows scenario 2 has the highest
wave height reduction, with a maximum decrease of
0.26 m. In rows 1 and 2, scenario 1 has a more
significant reduction. However, in rows 3, 4, and 5,
scenario 3 has a more substantial impact on wave
reduction.

Table 9. Significant Wave Reduction in Front of the
Structure in Each Scenarios

Row 1 2nd 3rd Max
1 0.04 0.15 0.04
2 0.08 0.25 0.11
3 0.13 0.26 0.21 0.26
4 0.04 0.26 0.21
5 0.12 0.21 0.15

4.10 Determining the Best Alternative

The author utilizes the Analytic Hierarchy
Process (AHP) method to determine the best
alternative. This decision-support model breaks down
complex multi-factor or multi-criteria problems into
a hierarchy [35]. The evaluation criteria for the

29

modified AFA structure include seven criteria, as
seen in Table 10.

Table 10. Criteria Assessment for Structural
Scenarios

No Criteria

Implications of Erosion Mitigation or
Sedimentation Enhancement

Aesthetic Considerations
Construction, Operational,
Maintenance Costs

Challenges in Construction
Transformation into a New Fish Habitat
Development as a Tourist Attraction
Environmental Consequences

and

~No ok W N e

In this case, AHP is used with multiple evaluation
criteria using a fuzzy scale to determine the values
between aspects and towards the alternative AFA
structure scenarios. After evaluating each scenario's
structure according to each criterion, the obtained
scores are multiplied by the weight of each criterion.
Thus, the results of the AHP evaluation indicate that
out of the three available scenarios, scenario 2 has the
highest weight and is recommended as the top priority,
with a score of 43%. The second-ranked scenario is
scenario 5, with a score of 20%.

5. CONCLUSION

The analysis conducted at Tirang Beach shows the
importance of coastal protection, especially in the
form of artificial fish apartments, which aim to secure
and create new sediment land areas. Wave
hindcasting was performed using the SPM-1984
method, with the most dominant wave direction
coming from the northwest, a significant wave height
of 0.9 m, and a considerable wave period of 3.72 m.
The analysis of the conditions at Tirang Beach
revealed a maximum erosion of 4.84 centimetres and
a sea-level change of -1.4 m. The study of the
structural modelling, which examined erosion and
sedimentation resulting from the construction of the
modified artificial fish apartment (AFA) structure,
indicates that scenario two positively impacts the
emergence of new land. The analysis of each row
shows that scenario 2 is the most favourable, with a
maximum sedimentation of 0.3 m.

In scenario 2, the seabed elevation undergoes the
most significant changes, with a maximum increase
of 0.35 m within three months. Thus, starting from the
most profound seabed elevation of -1.4 m, it is
predicted that it will take approximately four years to
reach Mean Sea Level (MSL). Achieving the Highest
High Water Level (HHWL) condition at an elevation
of 0.59 m would take approximately 5.7 years.
Scenario 2 shows the best and most significant
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reduction in the maximum wave height, with a
maximum decrease of 0.26 m observed from the
location through the structure. Compared to the
existing condition, the average calculated wave
height reduction in the scenario is approximately 0.3
m. In contrast, other scenarios demonstrate a smaller
decrease of around 0.12 m.

The Analytic Hierarchy Process (AHP) method
was employed to determine the best alternatives. The
results of the AHP assessment indicate that among the
three available scenarios, scenario two is highly
recommended as the top priority, with a score of 48%,
followed by scenario 5 in second place with a score
of 21%.

6. NOMENCLATURE

Kr Reflection coefficient

Hr Wave height after reflection (m)

Hi Wave height that is coming
(m)

Er Energy of reflection

Ei Energy of the coming wave

Kt Transmission coefficient

Ht Wave height after passing the structure

(m)

Hi Wave height that is coming (m)

Et Energy of transmission

Rc Freeboard height (h-d)

d Average water level height relative to the
reference level

a, B Structure type coefficients

Feff Fetch effective

Fi The length of the fetch to | (m)

cosa Fetchangle to | ©
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