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Objective: To evaluate the development of floating fiber embankment technology as an
innovative solution for mitigating tidal flooding in coastal areas of Indonesia,
particularly along the northern coast of the Java Sea. The proposed system is designed
to automatically adapt to tidal level fluctuations, addressing challenges related to land
subsidence and sea level rise. Method: The study employed a combined simulation and
laboratory experimental approach to analyze the performance of the floating fiber
embankment. Numerical simulations were conducted to evaluate the structural
behavior under hydrostatic pressure, while laboratory testing was performed using a
scaled physical model to validate the simulation results. Results: The findings indicate
that the floating fiber embankment demonstrates stable structural performance under

Hydrostatic Pressure;

tidal loading conditions. The maximum recorded deformation was 0.0043 meters, with
Tidal Flooding.

a maximum stress of 8.231 x 10° Pa and a strain of 0.00045. These results confirm that
the structure can maintain elasticity and structural integrity under hydrostatic
pressure. Novelty: The application of adaptive floating fiber embankment technology
that can automatically adjust to tidal fluctuations as a sustainable alternative to
conventional static embankments. This system provides an effective and efficient
solution to reduce the impact of tidal flooding in coastal regions while advancing SDG
11 (Sustainable Cities and Communities) by strengthening coastal resilience and
supporting sustainable flood mitigation efforts.

INTRODUCTION

Tidal flooding, also known as high-tide flooding, is a natural phenomenon that often occurs
in Indonesia's coastal areas. This coastal area, especially along the north coast of the Java Sea,
has relatively flat topography, making it more vulnerable to rising sea levels. According to
Marfai (2004), tidal flooding occurs when seawater rises onto land, triggered by the
gravitational pull among the Earth, Moon, and Sun and exacerbated by atmospheric
conditions. This phenomenon causes seawater that should remain in the sea to flow onto
land, resulting in waterlogging that damages settlements, agricultural land, and
infrastructure, and disrupts people's economic activities.

Tidal flooding is not a rare event in Indonesia. This phenomenon is even a routine problem
for coastal communities every year. This is exacerbated by the increasing frequency and
magnitude of tidal flooding, driven by a combination of factors, including land subsidence,
coastal development, global climate change, and sea-level rise (Aerts et al., 2014; Kong, 2024;
Sunarto, 2003; Wang et al., 2022). The cumulative effect of these factors worsens tidal flooding
conditions, which are increasingly widespread each year and result in significant economic
losses. Losses from tidal flooding in coastal areas are not limited to physical damage but also
affect the social and economic life of the community. According to Abidin et al. (2013), losses
caused by tidal flooding in various regions in Indonesia can take the form of infrastructure
damage, disruption of transportation and the distribution of goods, and decreased
agricultural and fishery yields. Tidal flooding also contributes to declining public health, as
tidal water often carries contaminants that increase the risk of infectious diseases.
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The increasing frequency of tidal flooding also highlights the importance of strengthening
efforts to achieve Sustainable Development Goal (SDG) 11: Sustainable Cities and
Communities. Coastal flooding threatens the safety, livelihoods, infrastructure, and well-
being of coastal populations, particularly in densely populated and economically productive
regions. Therefore, developing adaptive and resilient coastal protection systems is essential
to reducing disaster risks and enhancing the capacity of coastal communities to withstand
and recover from environmental disturbances. In this context, innovative flood mitigation
technologies can play a strategic role in supporting sustainable and resilient coastal
development in line with SDG 11 targets.

One effort to mitigate tidal flooding is the construction of embankments along coastlines,
rivers, and estuaries, aimed at preventing the tide from entering land. However, this effort
has not been fully effective. Many existing embankments are unable to adapt to the dynamics
of sea level fluctuations. Conventional embankments, such as concrete or fill embankments,
are static, so their height is set to the maximum predicted tide level, which is often insufficient
to anticipate extreme tidal flooding. In addition, this type of embankment is often damaged
because it cannot withstand the increasing hydrostatic pressure associated with rising sea
levels (Triatmodjo, 1999; Sunarto, 2003). In this context, innovation in embankment
technology is essential. One proposed solution is a floating fiber embankment that can
automatically adjust to water levels. This embankment is designed to float with sea-level
fluctuations, providing more adaptive protection against tidal flooding. This technology has
the potential to be a long-term solution for mitigating tidal flooding because it can hold water
under various tidal conditions without requiring manual intervention (Temmerman et al.,
2013).

Research on floating embankments as a solution to tidal flooding has been widely
conducted in several countries, including China and the Netherlands, which have long
histories of dealing with flooding. For example, the patent CN107700422A introduces the
concept of a floating embankment capable of automatically adjusting the water level.
However, these studies have not been widely applied in Indonesia, even though the
conditions are very relevant. Therefore, this study aims to evaluate the performance of
floating fiber embankments along the Indonesian coast, particularly on the northern coast of
the Java Sea, which is among the areas most prone to tidal flooding (Sunarto, 2024). The use
of fiber materials in the manufacture of floating embankments is also an innovative aspect of
this technology. Fiber material is chosen for its light, flexible, and corrosion-resistant
properties, making it well-suited to the maritime environment. Fiber also has advantages in
tensile strength and resistance to deformation, which are important for withstanding
hydrostatic pressure from seawater. Based on Callister (2007), fiber has a low density and a
small coefficient of thermal expansion, so it can maintain its shape and function even when
exposed to extreme temperature changes in the marine environment.

Furthermore, the floating fiber embankment is designed on a simple yet effective
principle. The upper part of the embankment, made of fiber material, will float following the
water level, while a strong concrete base supports the lower part. When the sea level starts
to rise, the embankment will be raised to prevent seawater from entering the land. When the
seawater recedes, the embankment will return to its original position. This design is not only
operationally efficient but also more environmentally friendly, as it requires no additional
energy. This innovation is expected to overcome various weaknesses of conventional
embankments, such as high maintenance costs and structural damage from excessive water
pressure (Triatmodjo, 1999; Sunarto, 2003).
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In addition, floating fiber embankments offer aesthetic advantages. Unlike conventional
embankments that often obstruct views and disrupt the spatial layout of coastal areas,
floating fiber embankments feature a minimalist design and can be adjusted to local
environmental conditions. This is very important in the context of developing coastal tourism
areas, where aesthetics is often a main consideration in infrastructure development. This
study uses a simulation approach and laboratory testing to evaluate the performance of the
floating fiber embankment. The simulation was carried out using ANSYS software, which
has been proven effective in modeling the structural behavior of buildings under hydraulic
pressure. ANSYS is used to calculate the stress, strain, and deformation in the floating
embankment under hydrostatic pressure from high tide. Meanwhile, laboratory testing was
conducted to assess the behavior of the floating fiber embankment under conditions that
resemble real-world field conditions, namely full- and half-tide (Liu et al., 2020; Morris et al.,
2008; Zhao et al., 2019).

The results of this simulation and testing are expected to provide a clearer picture of the
effectiveness of floating fiber embankments in overcoming tidal flooding. Specifically, this
study aims to answer several key questions: (1) To what extent can floating fiber
embankments withstand hydrostatic pressure? (2) How does the deformation behavior of
floating embankments change when exposed to sea level fluctuations? (3) Can this
technology be widely applied in coastal areas of Indonesia that are prone to tidal flooding?
The answers to these questions are critical in determining the feasibility of floating fiber
embankment technology as a long-term solution to tidal flood mitigation. This research is
expected to provide significant contributions to the development of flood mitigation
technology in Indonesia. In the long term, floating fiber embankment technology has the
potential to be widely adopted in various coastal areas, especially those that often experience
tidal flooding. Thus, the results of this study can be a reference for the government,
infrastructure developers, and coastal communities in planning and implementing more
effective and sustainable mitigation strategies.

LITERATURE REVIEW

Tidal flooding is a natural phenomenon that often occurs in coastal areas and gentle beaches.
This condition is triggered by a combination of rising sea levels and local geophysical factors
that cause seawater to overflow onto land, resulting in inundation or flooding. Along with
the increasing frequency of tidal flooding in coastal areas worldwide, including Indonesia,
mitigation efforts and technical solutions have become a focus of research and technology
development (IPCC, 2021). One solution being developed is the use of floating embankment
technology, which can adapt to sea-level changes. In this section, several important aspects
of the research carried out on tidal flooding, conventional embankments, and innovations in
floating embankments will be discussed.

Tidal floods and problems in coastal areas

Tidal flooding is a natural phenomenon influenced by many factors, including tides,
atmospheric pressure, wind speed, and coastal topography. In areas with low and gentle
topography, such as the north coast of the Java Sea in Indonesia, tidal flooding is becoming
an increasingly serious problem. This is caused by land subsidence from human activities,
such as excessive groundwater pumping, which accelerates the process (World Bank, 2021).
When land subsidence occurs, areas that were previously safe from seawater inundation
become more vulnerable during high tides.
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In a study by the IPCC (2021), it is explained that coastal flooding in coastal cities, such as
Semarang, is caused by recurring tidal phenomena combined with global climate change,
which drives sea-level rise. In the context of climate change, sea levels are projected to
continue rising due to thermal expansion and melting ice sheets (IPCC, 2021). In some areas,
tidal flooding has even become an annual event that significantly affects the lives of local
communities, especially in the agriculture, fisheries, and tourism sectors (World Bank, 2021).

The government and the community have made various efforts to mitigate the impact of
tidal flooding, including the construction of embankments, land elevation, and drainage
arrangements. However, these conventional solutions are often ineffective, especially in the
long term. One of the weaknesses of conventional static embankments is their inability to
adjust their height in response to dynamic sea-level fluctuations (UNDRR, 2022).

Conventional embankments and the problems faced
A dike is a structure designed to protect land areas from seawater or river overflow.
Conventional dikes are typically constructed from materials such as stone, concrete, and fill
soil (PUPR Indonesia, 2020). Their function is to prevent water from entering lower-lying
areas. Dikes are often the primary choice in flood mitigation efforts because these structures
are relatively simple and can be built quickly along coastlines or rivers (UNDRR, 2022).
According to Setiawan (2022), conventional embankments are usually built to a fixed
height based on the estimated maximum water level reached during the highest tide.
However, sea level can fluctuate unpredictably, especially during storms or atmospheric
disturbances. As a result, many conventional embankments cannot retain water when the
water level exceeds the design limit. In addition, embankment materials such as concrete and
stone can experience degradation under repeated hydraulic loading (PUPR Indonesia, 2020).
Another problem is the high maintenance cost of conventional embankments. Embankments
damaged by flooding or coastal erosion require periodic repair, which is often not
economically efficient for local governments (World Bank, 2021). In addition, conventional

embankments often block coastal views, reducing aesthetic and tourism value (UNDRR,
2022).

Floating dike technology: Adaptive solution to tidal flooding
To overcome the weaknesses of conventional embankments, researchers and engineers have
begun developing floating embankment technology designed to adapt to sea-level
fluctuations. Floating embankments are an innovation that uses floating structures to
automatically adjust to changes in water level (Deltares, 2020).

Patent CN107700422A describes a floating embankment system comprising lightweight
floating units that adjust to sea-level changes. This system allows vertical movement without
manual intervention, reducing operational costs (Deltares, 2020). The material used for
floating embankments also plays an important role. Fiber materials are widely used because
they are lightweight, flexible, and corrosion-resistant. According to Callister (2020), fiber-
based composites have high tensile strength and excellent resistance to environmental
degradation, making them suitable for marine environments.

Study on the use of floating embankments

Studies on floating dikes have been conducted in countries such as the Netherlands, where
adaptive coastal infrastructure is part of the national flood management strategy (Deltares,
2020). This system is effective in reducing flood damage while maintaining coastal usability.
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In China, floating embankment systems have also been developed, using hydraulic sensors
to automatically adjust water levels. Although still in development, early results show high
potential for adaptive flood protection (UNDRR, 2022).

In Indonesia, research on floating embankments is still emerging. Recent studies show that
floating structures have strong potential for application in coastal areas experiencing tidal
flooding (Fell et al., 2015; Setiawan, 2022; Ogie et al., 2019). However, further research is still
needed under more complex field conditions.

RESEARCH METHODS

Research methods are a crucial part of the scientific process to achieve valid and reliable
results. In this study, the method used was designed to evaluate the performance of floating
fiber embankments in mitigating tidal flooding in coastal areas. The approaches used are
experimental methods and numerical simulations to understand the behavior of floating
fiber embankments under varying hydrostatic pressure. In this section, the research steps
will be explained in detail, including the experimental design, materials and tools used, data
collection procedures, and data analysis methods.

Research design

This study combines two main approaches, namely numerical simulation and laboratory
experiments. The design of this study was conducted to test the hypothesis that floating fiber
embankments are able to adapt to sea level fluctuations automatically and provide more
effective protection against tidal flooding than conventional embankments. An experimental
approach was conducted to verify the simulation results using a physical model of floating
embankments on a laboratory scale.

The research design is divided into three main stages:

1. Numerical simulation stage: Simulations were conducted using ANSYS software to
evaluate the mechanical behavior of floating fiber embankments under hydrostatic and
wave pressure. This simulation aims to obtain data related to stress, strain, and
deformation that occurs in floating embankments when facing high and low tides.

2. Laboratory experiment stage: Physical experiments were conducted to test the behavior
of the floating embankment under real conditions in the laboratory. The floating
embankment model was made to a certain scale and tested in a water test tank to measure
the response to variations in water level and hydrostatic pressure.

3. Validation stage: The results of simulation and experiment are compared to validate the
proposed floating embankment model. The results of numerical simulation will be
compared with the results of laboratory experiments to determine whether there is a
significant difference between the two.

Materials and tools

The materials and tools used in this study consist of several important components to

support the simulation and experiment process. Here is a list of the materials and tools used:

Material:

1. Floating Fiber: The main material used to make floating embankments is fiber, which is
known for its light, flexible, and corrosion-resistant properties. This material was chosen
because it can adapt to fluctuating seawater conditions and has high tensile strength
(Callister, 2007).
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2. Concrete for Seats: The floating embankment seat is made of K250 grade concrete, which
is a strong structural material that is resistant to mechanical stress. Concrete is used to
ensure the stability of the embankment during changes in sea level.

3. Water: The test medium in laboratory experiments is water filled in a test tank to simulate
tidal conditions.

Tool

1. Acrylic Test Tank: Acrylic test tank with dimensions of 2 meters x 1.2 meters x 1.5 meters
is used to hold water and floating embankment models. The walls of the tank are made
transparent to facilitate observation of deformations that occur in the embankment during
testing.

2. LVDT (Linear Variable Differential Transformer): LVDT is used to measure the shift or
displacement of the floating embankment. This tool is able to detect the vertical
movement of the embankment when the water rises and falls.

3. Strain Gauge: This tool is used to measure the stress and strain that occurs in fiber
materials when the embankment receives hydrostatic pressure. Strain gauges are installed
at strategic points on the floating embankment to ensure good distribution of measured
stress.

4. Load Cell: Load cell is used to measure the hydrostatic pressure received by the floating
embankment. The pressure data collected will be analyzed to determine the magnitude
of the force acting on the embankment.

5. Data Logger: All measuring instruments (LVDT, Strain Gauge, Load Cell) are connected
to the data logger to record measurement results in real-time during the testing process.

Table 1 summarizes the specifications of the studies included in this review, covering the
study design, participants, measures and data analysis, and the principal findings reported
in each study.

Table 1. Specifications of tools and materials used
Source: Callister, 2007
Tools/Materials Specification Function

Main material

. . . 5
Floating Fiber Density: 2.54 g/cm for embankment
Concrete Concrete Embankment
Stand quality: K250 support
Test Tank Dimensions: 2m x 1.2m x Holding water‘for laboratory
1.5m testing
Sensitivity: Measuring vertical
LvDT 0.01 mm displacement
Strain Gauge Capacity: 350 ohms Measuring §tress and
strain
Load Cell Capacity: 5 kN Measuring hydrostatic
pressure
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Figure 1. Research prototype layout

Information :

1 : Test Tank

2,8 :Water

3 : Fiber

4 : Concrete stand

5 : Test stand

6 : Load Cell and Starin gauge
7 :LVDT

Figure 1 illustrates the layout of the research prototype used in this study, including the
arrangement of the test tank, floating fiber embankment model, supporting structures, and
measurement instruments employed during the laboratory testing process.

Research procedures

The research procedure is divided into two main parts: numerical simulation using ANSYS

and physical experiments in the laboratory.

1. Numerical Simulation Using ANSYS
Numerical simulations were performed to model the mechanical behavior of floating
fiber embankments under hydrostatic pressure. ANSYS Workbench version 20 was used
in this study. ANSYS is a finite element (Finite Element Method)-based software that
allows mechanical, hydraulic, and hydrodynamic analysis of complex structures. The
simulation stages performed are as follows:

2. Geometry Modeling;:
The first step in the simulation is to create a geometric model of the floating fiber
embankment. The dimensions of the floating embankment are designed with a length of
1 meter, a width of 0.5 meters, and a height of 0.5 meters. The concrete supports are also
modeled with the appropriate dimensions to support the floating embankment.

3. Meshing;:
After the geometry model is created, the meshing process is carried out to break down
the embankment structure into small elements. The mesh size is determined with a
resolution of 0.15 meters to ensure accurate simulation results.
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4. Definition of Loading Condition:
The hydrostatic pressure caused by the tide is modeled in this simulation. The
hydrostatic pressure value is determined based on the water depth and the density of
the seawater, which is applied to the sides of the embankment exposed to the water. The
fluid pressure is calculated using the hydrostatic pressure equation:

P=pxgxh (1)

e P is the hydrostatic pressure,
e pis the density of sea water,
e gis the acceleration due to gravity, and
e his the water depth.
5. Flow Fluent Simulation:
The simulation was performed using the ANSYS Flow Fluent module to model the fluid
flow and pressure distribution on the floating embankment. The water velocity was
entered with a value of 0.5 m/s to simulate tidal conditions. The results of this simulation
were used to measure the pressure distribution on the floating fiber embankment.
6. Static Structure Analysis:
This simulation is used to model the deformation and stress distribution on the floating
embankment under the influence of hydrostatic pressure. The analysis is carried out to
determine the maximum stress, strain, and total deformation that occurs on the
embankment.

Laboratory experiments

Laboratory experiments were conducted to verify the results of the numerical simulation.

The experimental process was conducted in the laboratory using a physical model of the

floating fiber embankment. The experimental stages are as follows:

1. Making Floating Dike Model
The floating dike model is made of fiber material with appropriate technical
specifications. Fiber is chosen because this material has light and flexible properties, and
is resistant to sea water. The dimensions of the floating dike in the laboratory are made
at a scale of 1:20 of the original design, see in Figure 2.

Figure 2. Floating fiber embankment model
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2. Test tank preparation
Acrylic test tanks are installed in the laboratory by filling water to a certain height
adjusted to tidal conditions. The water used is static to simulate hydrostatic conditions
on the embankment.

3. Measuring instrument settings
LVDT is installed to detect vertical shift of floating embankment, while strain gauge is
installed at critical points to measure stress and strain that occurs. Load cell is also
installed to measure hydrostatic pressure received by floating embankment.

4. Testing process
The test was conducted under two conditions, namely full tide and half tide. In each
condition, displacement, stress, strain, and hydrostatic pressure data were recorded
using a data logger. Each experiment was repeated three times to ensure consistency of
the results.

5. Data collection
The measurement data were collected and analyzed to obtain the average values of
displacement, stress, and strain that occurred on the floating embankment. These values
were then compared with the simulation results to validate the model used.

Data analysis methods

Data obtained from simulations and laboratory experiments were analyzed quantitatively to

evaluate the performance of the floating fiber embankment. The following are the analysis

steps taken:

1. Deformation analysis
The deformation that occurs on the floating embankment is measured in the form of
vertical displacement. The measurement results from the LVDT are compared with the
results of numerical simulations to determine the differences between the experimental
and simulation results.

2. Stress and strain analysis
The measured stress and strain from the strain gauge are analyzed to determine the stress
distribution in the fiber material. These results are compared with the simulation results
to determine whether the floating embankment is able to withstand the given hydrostatic
pressure.

3. Comparison of simulation and experimental results
Simulation and experimental results are directly compared to validate the model used. If
there is a significant difference, further analysis is performed to determine the cause of the
difference.

4. Validation of results
After all data is analyzed, the final step is validation of the research results. Validation is
done by comparing the results of numerical simulations and laboratory experiments. If
the results of both approaches show agreement, then the proposed floating embankment
model can be considered valid and ready to be applied on a larger scale. However, if there
are significant differences, improvements to the model need to be made before being
implemented in the field.
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RESULTS AND DISCUSSION

Results

In this study, the performance evaluation of the floating fiber embankment was conducted
using two main methods: numerical simulation with ANSYS and laboratory physical
experiments. The results of both methods were analyzed to understand how the floating fiber
embankment responds to hydrostatic pressure from rising sea levels and how it performs in
tidal flood mitigation.

Numerical simulation results using ANSYS

Numerical simulations were performed using ANSYS software with a finite element model
to analyze stress, strain, and deformation on the floating fiber embankment. This simulation
is important because it provides an initial prediction of how the embankment will behave
when subjected to hydrostatic pressure under various tidal conditions in Figure 3.
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Figure 3. Results of hydrostatic pressure simulation on floating fiber embankment

100 i

Stress and strain

Based on the simulation results, the floating fiber embankment experiences a maximum
stress of 8.231 x 10”6 Pa under hydrostatic pressure from full-tide conditions. This stress
value occurs in the area of the embankment that experiences the greatest pressure from
seawater, namely at the bottom of the embankment, which is in direct contact with the
concrete support. Meanwhile, the maximum strain is 0.00045 meters per meter and is also
distributed in the same area.

These results indicate that the fiber material used in the embankment can withstand water
pressure without significant damage. The strain remains within the material's elastic limits,
meaning the embankment can return to its original shape once the water pressure is reduced.
This indicates that the floating fiber embankment has good elasticity and can adapt to tidal
fluctuations.

Deformation
The simulation results also show that the maximum deformation that occurs in the floating
fiber embankment is 0.0043 meters. This deformation occurs at the top of the embankment,
which is directly subjected to water pressure from above. Although deformation occurs, its
magnitude remains within safe limits, indicating that the embankment does not experience
significant damage or structural failure.

Deformation of the floating fiber embankment is primarily caused by water pressure,
which pushes the embankment upward as the water level rises. The advantage of the floating
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embankment is its ability to automatically adjust its height in response to sea-level changes,
so that the resulting deformation does not cause functional failure. This deformation is one
indicator that the floating fiber embankment is effective in reducing the risk of tidal flooding
by following fluctuations in water levels.

Laboratory experiment results

Laboratory experiments were conducted to validate the results of the numerical simulation
and to test the performance of the floating fiber embankment in real conditions. In this test,
the floating fiber embankment model was tested in a water test tank with two main scenarios,
namely full tide conditions and half tide conditions.

Stress and strain
In the laboratory test, the maximum stress measured was 8.210 x 10”6 Pa, which is very close
to the simulation results. This shows that the stress prediction from the numerical simulation
has been well validated. Similar to the simulation results, the maximum stress occurs in the
area in direct contact with the concrete seat, where the greatest water pressure is received.
The maximum strain measured in the experiment was 0.00044 meters per meter, which is
also close to the simulation results. These results strengthen the conclusion that the floating
fiber embankment has the capacity to withstand the hydrostatic pressure generated by the
tide, with a strain that is within the elastic limit of the fiber material.

Deformation

The deformation measured in the experiment was 0.0041 meters, slightly smaller than the
simulation results. This difference is likely due to the laboratory environment being more
controlled than the assumptions used in the simulation. However, this difference is still
within an acceptable margin, and does not indicate any significant discrepancy between the
simulation and experimental results.

The deformation that occurred in the experiment showed that the floating fiber
embankment can move vertically following the rise and fall of sea level. This shows that the
floating fiber embankment system works according to the design, namely floating following
changes in sea level and returning to its original position when the water recedes.

Discussion

The results of numerical simulation and laboratory experiments show high agreement,
indicating that the proposed floating fiber embankment model can perform well in real
conditions. Some important points that can be discussed from the results of this study are as
follows:

Elasticity and flexibility of floating fiber embankments

One of the main advantages of floating fiber embankments is the elasticity of the fiber
material which allows the embankment to withstand significant hydrostatic pressure
without experiencing permanent damage. Based on the simulation and experimental results,
the stress and strain that occur in the embankment are within the elastic limits of the material,
which means that the embankment can return to its original shape after the pressure is
reduced. This is important to ensure that the embankment can be used in the long term
without experiencing functional degradation, see in Figure 2.
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Table 2. Comparison of simulation and experiment results

Test Conditions Voltage (Pa) Strain (m/m) Deformation (m)
Simulation
6
(ANSYS) 8.231 x 10 0.00045 0.0043
Laboratory Experiments 8.210 x 108 0.00044 0.0041

Source: Analysis Results, 2024

In addition, the flexibility of the floating fiber embankment allows the system to follow
fluctuations in sea level. This capability is very important in dealing with tidal flood
conditions, where sea levels can change suddenly due to the ebb and flow. The floating fiber
embankment that can adapt to these fluctuations provides better protection than
conventional embankments that are static and cannot adjust the water level.

From an SDG perspective, the proposed floating fiber embankment technology
contributes to the achievement of SDG 11 (Sustainable Cities and Communities) by
strengthening the resilience of coastal areas against recurrent tidal flooding. The adaptive
characteristics of the system enable more effective flood mitigation while reducing the
vulnerability of coastal infrastructure and communities to tidal hazards. Furthermore, its
sustainable and low-maintenance design supports the development of disaster-resilient
infrastructure and promotes long-term coastal sustainability. Therefore, the implementation
of this technology has the potential to assist policymakers and coastal planners in developing
more adaptive, inclusive, and resilient coastal protection strategies in line with the objectives
of SDG 11.

Hydraulic and structural stability

The hydraulic stability of the floating fiber embankment is greatly influenced by the design
of the concrete pedestal that supports the embankment at the bottom. The experimental
results show that the concrete pedestal is able to withstand the embankment load and the
hydrostatic pressure received by the embankment without experiencing shifting or
instability. This shows that the combination of floating fiber and concrete pedestal is a stable
and effective design in dealing with varying water pressures.

The structural stability of the floating fiber embankment is also indicated by the minimal
deformation results. Although there is deformation during high tide, the deformation is still
within safe limits and does not cause damage to the embankment. This deformation also
serves as an indicator that the embankment functions well in adjusting the water level, it can
see in Figure 4.
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Figure 4. Vertical deformation graph of floating fiber embankment

Advantages compared to conventional embankments

Floating fiber embankments have several advantages compared to conventional
embankments. Conventional embankments, such as those made of concrete or stone, are
usually designed with a fixed height that is only effective at certain high tide conditions.
When the water level exceeds the design limit, these embankments cannot hold back the
water, causing flooding. In contrast, floating fiber embankments are able to adjust their
height automatically, making them more effective in dealing with tidal flooding.

In addition, floating fiber embankments do not require manual intervention or intensive
maintenance because the system works automatically based on the principle of flotation. This
is different from conventional embankments that often require periodic repairs and
maintenance, especially after experiencing extreme water pressure.

CONCLUSION

Fundamental Finding: The results of this study show that floating fiber embankments are
an effective solution for mitigating tidal flooding in coastal areas. Both numerical simulations
and laboratory experiments indicate that the structure is able to withstand high hydrostatic
pressure, with a maximum stress of 8.231 x 10¢ Pa and a maximum deformation of 0.0043
meters. The fiber material demonstrates elastic behavior, allowing the embankment to return
to its original shape after the applied load is removed. In addition, the system is capable of
automatically adjusting its height according to water level changes, making it more adaptive
than conventional static embankments. The structural system is also stable, supported by a
concrete base that prevents shifting or instability during testing. Implication: These findings
indicate that floating fiber embankments have strong potential as an alternative coastal
protection system. The technology is more flexible, environmentally friendly, and does not
require manual operation. Compared to conventional embankments, this system provides
more efficient protection against tidal fluctuations and offers improved adaptability for
coastal infrastructure planning and flood mitigation strategies, thereby contributing to the
achievement of SDG 11 (Sustainable Cities and Communities) through the development of
more resilient and sustainable coastal infrastructure. Limitation: This study is limited to
controlled laboratory experiments and numerical simulations. Therefore, real-field
conditions such as wave dynamics, long-term material degradation, and complex coastal
environmental interactions were not fully represented in the analysis. Future Research:
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Future studies are recommended to conduct field-scale testing under real coastal conditions
to validate laboratory findings. Further development is also needed in scaling up the
embankment design and exploring alternative fiber materials with higher resistance to
marine corrosion. In addition, economic feasibility analysis should be conducted to evaluate
cost efficiency and long-term sustainability. Collaboration between government, research
institutions, and industry stakeholders is essential to support large-scale implementation of
this technology in coastal regions affected by tidal flooding.
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