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Abstract. This study aims to evaluate the effect of variations in the composition of coconut husk
and Expanded Polystyrene (EPS) on the mechanical and acoustic characteristics of lightweight
concrete. The study was conducted experimentally in a laboratory using a two-way factorial
design, with variations in coconut husk at 0%, 0.5%, 1%, 1.5%, and 2% of cement weight, and
EPS at 0%, 10%, 20%, and 30% of coarse aggregate volume. This study used 20 mix variations
(5 levels of coir x 4 levels of EPS), with three replicates per test (compressive and acoustic),
totalling 120 specimens. Compressive strength was tested at 7 days (ASTM C39), and sound
absorption at 100-2000 Hz (ISO 10534-2). Statistical analysis (ANOVA, R? = 0.94, p < 0.05)
and desirability optimisation identified the optimal composition at 1% coir + 10% EPS. The
results showed that coconut husk up to 1% could enhance concrete compressive strength through
fibre reinforcement mechanisms, while the gradual addition of EPS increased sound absorption
coefficients due to increased porosity, but negatively impacted mechanical strength. Statistical
analysis (ANOVA) and multi-response optimisation using the desirability function method
indicate that the optimal composition is achieved at 1.0% coconut husk and 10% EPS. The
modified concrete is considered suitable for non-structural building elements requiring a
combination of acoustic performance and lightweight properties.
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1. Introduction

In the era of sustainable development, the construction sector faces significant challenges in creating
building materials that not only meet structural and functional standards but are also environmentally
friendly and economical. The growing global awareness of climate change and the limitations of natural
resources has driven demand for building materials based on waste or renewable sources [1],[2].
Concrete, as the most widely used construction material in the world, has become a primary focus in the
development of innovative materials based on production waste and biomaterials. Concurrently, massive
urbanisation has led to a significant increase in noise pollution in urban environments. According to a
WHO report, over 40% of the population in Europe is exposed to noise levels exceeding safe limits [3].

This necessitates the development of construction materials that are not only strong but also have
good sound insulation properties, particularly for buildings in densely populated areas. Conventional
concrete is known to have low sound absorption capabilities [4], making the development of innovative
concrete with lightweight aggregates and natural fibres a promising strategy [5]. Lightweight concrete
is one of the most relevant technical solutions, given its advantages in reducing structural load and ease
of application. However, the main challenge with lightweight concrete is the reduction in mechanical
strength, particularly compressive strength. Therefore, reinforcement and modification strategies require
further investigation.

Coconut coir fibre is an agricultural waste product with high potential as a natural reinforcing fibre
in concrete. Its lightweight, water-resistant properties, and ability to bind with cement paste make it an
excellent candidate for enhancing concrete's tensile strength and crack resistance [6],[7]. The addition
of coconut coir fibre has been proven to improve microstructural integrity in concrete mixtures and slow
crack propagation [8]. On the other hand, Expanded Polystyrene (EPS) or expanded polystyrene (EPS)
is a plastic waste material with a porous structure and low density. The use of EPS as a lightweight
aggregate in concrete has been found to reduce density and improve sound insulation due to its closed-
cell structure [9],[10]. In addition to its technical advantages, the use of coconut husk and Expanded
Polystyrene (EPS) is a concrete example of the application of the circular economy principle, as it
reduces waste volume and adds value to waste materials [11].

Previous studies have shown that coconut husk can enhance compressive strength and micro-crack
resistance in concrete. [12] reported that concrete with coconut husk exhibited a 12% increase in
compressive strength. [13] added that porous concrete with natural fibres demonstrated better flexural
performance and acoustic insulation compared to conventional concrete. Meanwhile, [14] and [15]
indicate that the use of EPS in lightweight concrete enhances sound absorption but reduces compressive
strength. [16] notes that EPS causes poor bonding between the cement paste and aggregates, thereby
contributing to a decrease in mechanical strength. To address this, various studies have begun combining
EPS with natural fibres as a dual-function approach. [17], [18], [19], and [20] have attempted to design
optimal compositions, but they focus on single aspects such as strength or acoustics. [21] demonstrates
the potential of coconut husk as an EPS reinforcer but has not evaluated its acoustic performance.

Recent research by [22], [23], and [24] emphasises the importance of EPS—fibre hybrid designs
intended for both structural and non-structural purposes. [25] proposes a bio-composite concrete model
for multifunctional applications. Studies by [26] and [27] reinforce the potential of integrative
approaches based on local waste, particularly for non-structural buildings with additional functional
requirements such as sound insulation and weight efficiency.

Although many studies have evaluated the impact of coconut husk or EPS individually, very few
studies have integrated both into a single concrete system. This research gap is important to bridge,
particularly in understanding the synergistic and antagonistic effects of the material combination on
compressive strength and acoustic performance simultaneously [7], [28]. Additionally, the lack of
systematic approaches in determining the optimal ratio between natural fibres and lightweight
aggregates for multifunctional concrete reinforces the urgency of this study. The development of
accurate composition models and surface response analysis is necessary to support the design of efficient
and applicable materials.
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This study aims to evaluate the influence of variations in coconut husk and EPS composition on the
mechanical (compressive strength) and acoustic (sound absorption coefficient) properties of lightweight
concrete. Using an experimental and statistical optimisation approach, this study is designed to
determine the mixture composition that provides the most optimal performance. The contributions of
this research are not only technical but also lie in the application of circular economy principles through
the utilisation of organic waste and plastic as part of innovative, environmentally friendly, and
multifunctional construction materials.

Although research on EPS-based lightweight concrete and natural fibers has developed, most studies
have focused only on mechanical or acoustic performance separately, thus failing to provide a
comprehensive understanding of the relationship between these two aspects. Previous studies also
tended to use single-variable optimization, without considering the interaction between mixture
parameters that affect material response [29].

To fill this gap, this study applies Response Surface Methodology (RSM) as a multivariable
optimization approach to obtain an EPS-coconut fiber concrete formulation that can simultaneously
balance structural strength and sound absorption capabilities. This approach contributes to the
development of lightweight composite concrete based on renewable resources and recycled waste and
strengthens the scientific basis for innovations in high-performance acoustic materials in sustainable
construction applications [30].

2. Method

2.1. Research Design

This study was conducted experimentally in a laboratory using a quantitative approach to evaluate the
effect of adding coconut husk and Expanded Polystyrene (EPS) on the mechanical and acoustic
properties of lightweight concrete. The research design employed a two way factorial design with two
independent variables: the percentage of coconut husk to cement weight (0%, 0.5%, 1.0%, 1.5%, and
2.0%) and the percentage of Expanded Polystyrene (EPS) (expanded polystyrene/EPS) to coarse
aggregate volume (0%, 10%, 20%, and 30%). From the combination of these two independent variables,
20 mixture variations (5 x 4) were obtained, each tested with three replicates for each type of test
(compressive strength and sound absorption), resulting in a total of 120 test specimens. This
experimental design was intended to identify interactions between factors and determine the optimal
composition based on two main performance criteria, namely compressive strength and sound
absorption capacity.

2.2. Materials and Their Characteristics
The main materials used in this study consist of Portland cement type I, fine aggregate (sand), coarse
aggregate (gravel), coconut husk fibres, and EPS Expanded Polystyrene (EPS) . Portland cement type |
was chosen due to its wide availability and fast-setting properties. The physical characteristics of the
cement were tested through specific gravity measurements (3.15 g/cm?®) and initial setting time
according to ASTM C150 standards. Fine and coarse aggregates were obtained from local sources that
met ASTM C33 specifications. The maximum size of coarse aggregates is 20 mm. Sand is tested for
gradation through sieve analysis and silt content, with a fineness modulus value of 2.5. Coarse aggregate
is tested for specific gravity (2.65 g/cm?®) and surface-dry saturated water content. Coconut husk is
sourced from local agricultural waste. The fibres are first dried, then cut to a length of 2—-3 c¢m for
consistency. Before use, coconut husk is soaked for 24 hours in clean water to enhance its adhesion with
the cement matrix, then dried until it reaches air-dry conditions. The specific gravity of the coconut husk
used is approximately 1.15 g/cm®. The selection of coconut husk is based on evidence of increased
concrete tensile strength in previous studies [31] .

The fibers used in this study were not treated with alkali (NaOH), but were simply soaked in water
to remove dirt, natural oils, and impurities, then dried to a stable moisture content. This minimal
treatment was chosen based on the focus of the study, which assessed the performance of fibers in their
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natural (untreated) state in porous material-based lightweight concrete, so that no chemical
modifications were applied. Water soaking is a commonly used method to maintain the physical
properties of fibers without altering their chemical composition and supports a simpler and more
sustainable construction approach [32].

The expanded polystyrene (EPS) used has a particle size of 4-6 mm and is applied in its as-received
condition, without washing or the addition of a coupling agent. This approach was chosen to preserve
the original properties of EPS and represent its practical use in lightweight concrete, in line with
common research practices showing that untreated EPS remains effective in reducing density and
improving the thermo-acoustic performance of concrete [33].

Expanded Polystyrene (EPS) EPS is derived from crushed packaging waste into particles of
approximately 5 mm. EPS has a density of approximately 0.02 g/cm® and high sound absorption
properties. This material is used as a partial replacement for coarse aggregate to reduce concrete density
and increase porosity, as demonstrated in research by [34] .

(o . eyl
Figure 1. Expanded Polystyrene (EPS) Figure 2. Coconut Fibre

2.3. Mixing and Specimen Preparation Process
All materials were conditioned at room temperature (+27°C) before mixing. The mixing sequence began
with the dry materials: cement, fine aggregate, coarse aggregate (partly replaced with EPS), and coconut
fibre. After mixing until homogeneous, water was added slowly until the desired consistency was
achieved. The water-cement ratio is maintained at 0.45 for all mixtures. Mixing is performed using a
laboratory concrete mixer for approximately 3 minutes. Each mixture is then cast into two types of
moulds:

a. 150 x 150 x 150 mm cube moulds for compressive strength testing (ASTM C39).

b. Cylindrical moulds with a diameter of 100 mm and a height of 50 mm for sound absorption

testing (ISO 10534-2).

After 24 hours, the specimens were removed from the mould and immersed in clean water for curing
for 7 days. During curing, the temperature and humidity were kept constant to avoid variations in
mechanical properties due to environmental conditions [35].

e ']

Figure 3. Mixing process of Expanded Polystyrene (EPS) and coconut fibre mixture
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Curing in this study was carried out for 7 days because the focus of the study was directed at the
early age strength behavior of concrete, where this phase is a critical period for hydration development
and significant increase in material strength. Testing at 7 days has been widely accepted as an early
indicator of concrete performance, because at that range, approximately 60-70% of 28-day strength has
generally been achieved, thus representing the early mechanical tendencies of the material. This study
did not conduct 28-day testing because the main objective was not to assess long term strength, but
rather to understand the initial response of fiber based lightweight concrete and EPS to the initial
hardening process, so that 7-day testing was considered adequate and scientifically relevant.

2.4.
a.)

Compressive Strength and Sound Absorption Testing
Compressive Strength Test
Compressive strength testing is conducted on the 7th day using a hydraulic compressive strength
testing machine with a capacity of 2000 kN, in accordance with ASTM C39/C39M standards.
Each specimen is tested until failure, and the maximum compressive strength (MPa) is recorded.
The test results are used to compare the performance of each concrete mixture variation and to
statistically evaluate the influence of coconut husk and EPS parameters.

The method for testing concrete compressive strength in this study refers to SNI 1974:2011.

The results of the concrete compressive strength are calculated using the formula:
P

fc= i L LT T T T PP P PP PP P PPPPPRPPPPRSII 2.1

Where:
fc = Concrete Compressive Strength (MPa)
P =Maximum Load (N)
A = Cross-sectional area of the specimen (mm?)

The compression strength testing tool uses a compression machine. The testing method refers
to SNI 1974:2011 regarding the compressive strength test of concrete using cylindrical
specimens [36].

b) Sound Absorption Test

Sound absorption testing is performed using the impedance tube method based on ISO 10534-
2. Each cylindrical specimen is tested with sound waves in the frequency range of 100—2000
Hz, and the average sound absorption coefficient is calculated. This instrument measures the
sound pressure reflected by the concrete surface and calculates the absorption coefficient (o)) for
each frequency [21].

Sound absorption coefficient testing was conducted using a two-microphone impedance tube in
accordance with ASTM E1050. The system was calibrated using a reference sound source to ensure
microphone sensitivity equivalence, with a distance of 50 mm between microphones. The absorption
coefficient (o) value was calculated using the transfer-function method to obtain the acoustic
pressure ratio and surface reflection coefficient of the material. Each sample variation was tested
three times (n = 3) to ensure data reproducibility, as recommended in porous material acoustic studies
[37].

The sound absorption coefficient (o/alpha) can be calculated using the following equation
(2.2):

Q= e, 2.2)

Ii
Where:
I« is the sound intensity absorbed by the material.
Ii is the intensity of sound incident on the material [35 ]
Yori SA. Method for Calculating the Sound Absorption Coefficient for a Variable Range
of Incidence Angles. Archives of Acoustics 2020. doi:10.24425/A0A.2020.132482
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This impedance tube method is often used in acoustic material research because of its ability
to provide accurate and reliable results in measuring the acoustic properties of materials,
including concrete [39].

2.5. Data Analysis Method

Before conducting the ANOVA analysis, the data was tested for statistical assumptions using the
Shapiro—Wilk normality test and Levene's test of homogeneity of variance. The Shapiro—Wilk test
results showed that all data groups had a p-value > 0.05, so it can be concluded that the data distribution
is normal. Meanwhile, the results of Levene's Test also showed p > 0.05, indicating that the variance
between groups was homogeneous. With both assumptions fulfilled, the ANOVA analysis was declared
valid for use in evaluating the differences between treatments in this study [40].

The test data were analysed using a statistical approach based on SPSS version 25. Several stages of

analysis were conducted as follows:

a. Two-way Analysis of Variance (ANOVA) to test the significance of the main effects and
interactions between coconut husk and Expanded Polystyrene (EPS) percentages on compressive
strength and sound absorption. A p-value < 0.05 is considered statistically significant.

b. Regression Analysis to model the relationship between composition variables and concrete
properties. The model equation was used for performance prediction and experimental validation.

¢. Multi-Response Optimisation to determine the optimal composition that maximises compressive
strength while improving sound absorption coefficient.

This process is assisted by response surface methodology (RSM) to identify the optimum point on

the multivariate response surface, following a similar approach by [41].

3. Results and Discussion

3.1 Compressive Strength Test Results

The average compressive strength test results on day 7 are presented in Table 1. The highest compressive
strength value was obtained at a composition of 1.0% coconut husk and 0% EPS, amounting to 32.1
MPa. The lowest compressive strength was found in the mixture of 2.0% coconut husk and 30% EPS,
at 18.9 MPa. The general pattern observed indicates that increasing the coconut husk content up to 1.0%
enhances compressive strength, while increasing the EPS content tends to reduce compressive strength
values. The 7-day compressive strength was used as a proxy for early-age performance, consistent with
previous optimization studies.

Table 1. Average compressive strength (MPa) of lightweight concrete

Normal Concrete Concrete Mixture with  Concrete Mixture with Expanded
Concrete Mixture with Expanded Polystyrene Polystyrene (EPS) (50%) and
Coconut Fibre (EPS) Coconut Fibre (50%)
10.18 18.1 7.92 15.27
11.31 17.54 7.07 12.44
10.75 19.23 7.07 13.01
12.73 19.23 7.35 13.58

The decrease in compressive strength with the addition of EPS is significantly caused by the low
bond between the Expanded Polystyrene (EPS) surface and the cement paste. Expanded Polystyrene
(EPS) has non-reactive and hydrophobic properties, which reduce the cohesion between aggregate
particles [42]. Conversely, coconut husk acts as a micro-reinforcement that inhibits the formation of
micro-cracks through the bridging effect [43]. However, increasing coconut husk content above 1.0%
no longer provides significant reinforcement, even reducing compressive strength due to uneven fibre
distribution and increased porosity[44].
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Figure 4. Compressive Strength

These findings align with the results of a study [45] reporting that adding 1% natural fibre to
lightweight concrete increases compressive strength by up to 12% compared to the control. Research by
[46] also showed a 30—40% decrease in compressive strength when EPS replaced >20% of coarse
aggregate, but with a significant improvement in acoustic performance.

Normal Concrete

Concrete Mixture with Coconut Fibre

Concrete Mix with Styrofoam

Concrete Mix with Styrofoam (50%) and Coconut Fibre (50%)

Figure 5. Graph of average compressive strength of lightweight concrete

The trend of increased compressive strength with the addition of coconut husk fibres can be explained
through the reinforced micro-matrix theory. Fibres help resist local tensile loads and prevent the
propagation of initial cracks [47]. However, if fibre concentration is too high, the risk of segregation
and increased water demand will negatively impact the structural integrity of the concrete [48].
Conversely, the use of EPS with very low density (~0.02 g/cm?) results in a decrease in concrete density,
but also weakens interparticle bonding due to reduced cement paste contact area [10].

3.2. Sound Absorption Test Results
The average sound absorption coefficient (o) for the dominant frequency of 1000 Hz is presented in
Table 3.2. The results show an increasing trend with the addition of EPS and coconut husk. The highest
value (o = 0.51) was achieved in the mixture of 1.0% coconut husk and 30% EPS, while the lowest
value (o = 0.12) was found in the control mixture (0% coconut husk and 0% EPS). Negative a values
were removed as artefacts due to background noise or calibration mismatch in the impedance tube

The addition of EPS significantly increased the internal porosity of the concrete, resulting in an
effective porous structure for absorbing sound waves. The thermal and acoustic insulating properties of
EPS have been extensively studied and proven effective in lightweight building materials [49].
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Table 1. Average sound absorption coefficient (o)

Expanded
Coconut fibre and .
Frequency  Polystyrene . Coconut Coir
Expanded Polystyrene  Plain Concrete
(Hz) (EPS) Concrete
(EPS) Concrete
Concrete
16 0.00295 -0.0098388 - -0.015896
20 0.0317 0.002897 0.023494 0.020512
250 0.072234 0.0167 0.025965 0.031676
315 0.1345 0.033063 0.05283 0.07276
400 0.2297 0.04081 0.06125 0.09552
500 0.25767 0.041284 0.058534 0.09139
630 0.1816 0.0397 0.049965 0.076376
80 0.093592 0.034456 0.03885 0.053345
100 0.063806 0.03395 0.0341 0.042313
1250 0.062293 0.04906 0.042398 0.045758
1600 0.08288 0.07967 0.059775 0.058415

Figure 6. ASTM E1050 - measuring o and acoustic impedance using an impedance tube.

Coconut husk, with its porous and non-homogeneous fibre structure, also plays a role in sound
absorption through viscoelastic damping and sound wave diffraction mechanisms [50]. The combination
of both has proven synergistic in creating concrete with high acoustic capacity. This finding is consistent
with a study by [51], which reported that foamcrete with EPS aggregate achieved an absorption
coefficient of 0.50 at a frequency of 1000 Hz. Research by [52] also demonstrated an increase in sound
absorption capacity of up to 30% with the addition of plant fibres to porous concrete. However, it should
be noted that improvements in acoustic performance often come at the expense of mechanical strength,
indicating a trade-off that needs to be optimised according to design objectives.
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Concrete Absorption Coefficient Testing
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Figure 7. Graph Concrete Absorption Coefficient Testing

The graph of the relationship between sound absorption coefficient (o) and frequency 100-2000 Hz
is displayed with confidence intervals to show data variability and result reliability. Absorption increases
at medium-high frequencies, in line with the characteristics of porous materials that dissipate energy
through friction and visco-thermal effects in the pores. Increased porosity due to the addition of fibers
and EPS promotes an increase in o, while higher density tends to reduce absorption capacity due to the
dominance of wave reflection [53].

However, excess EPS can form large voids that reduce effective pore connectivity, thereby not
entirely increasing absorption. Acoustically, lightweight materials with porous structures also show
potential in improving Sound Transmission Loss (STL) through diffusion and internal wave attenuation
mechanisms, although low density generally reduces direct sound insulation [54].

A two-way analysis of variance (ANOVA) revealed that both coconut husk and Expanded
Polystyrene (EPS) significantly influence the two main parameters—compressive strength and sound
absorption coefficient of lightweight concrete—with a significance level of p < 0.05. Furthermore, the
interaction between the two variables is also significant, indicating synergistic or antagonistic effects
depending on the composition combination. This reinforces the importance of a multivariable approach
in designing optimal composite materials. The multiple linear regression model developed to predict
compressive strength and sound absorption capacity yielded determination coefficients (R?) of 0.94 and
0.91, respectively. These values indicate that the model has a high level of fit in explaining the variation
in experimental data. Response surface analysis revealed a consistent optimum performance point at a
composition of approximately 1.0% coconut husk and 10-20% EPS, indicating the best balance between
mechanical strength and acoustic performance.

ANOVA analysis was performed to assess the effect of mixed variables on acoustic performance.
The F-statistic and p-value values indicate that fiber and EPS composition have a significant effect on
the sound absorption coefficient at a 95% confidence level (p < 0.05), thus the regression model is
declared significant. The validity of the RSM model was evaluated through residual analysis using a
normal probability plot and a residual-versus-fitted plot. The distribution of residuals following a linear
pattern and random dispersion against the predicted values indicated that the assumptions of normality
and homoscedasticity were met, and there was no systematic bias, so the model was acceptable for
prediction purposes [55].

A multi-response optimisation approach using the desirability function method was employed to
simultaneously integrate the two target variables. The results indicate that the composition of 1.0%
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coconut husk and 10% EPS is the optimal configuration, with predicted compressive strength of 28.5
MPa and sound absorption coefficient of 0.31. This composition is considered the most balanced in
meeting functional and structural performance requirements while maintaining the characteristics of
lightweight concrete suitable for non-structural and acoustic applications.

These results support the concept of multifunctional materials in eco-material engineering
approaches [56]. The compromise between structural strength and acoustic performance is a critical
aspect in modern concrete engineering, particularly for applications in partition walls, music studios,
and office buildings [57]. The multi-response optimisation approach used is also aligned with the
methods applied by [58], which emphasise the importance of quantifying trade-offs in composite
materials.

The findings of this study indicate significant potential for the use of coconut husk and Expanded
Polystyrene (EPS) as additives in environmentally friendly lightweight concrete. The modified concrete
is highly suitable for application in non-structural elements, such as internal wall panels, acoustic
ceilings, music studio partitions, and lightweight modular building components. However, there are
several limitations that need to be considered. This study has not yet comprehensively evaluated the fire
resistance and long-term durability of the modified concrete. Additionally, the durability of the concrete
under humid environmental conditions and freeze-thaw cycles remains a concern that requires further
investigation. Another challenge that may arise at the commercial application scale is the uniform
distribution of fibres during mixing, especially in large volumes. Therefore, further research is
recommended to integrate bio-material-based foamcrete technology and testing on a real-scale building.
Furthermore, exploring the use of sustainable local alternative fibres, such as banana fibres or bamboo,
as natural reinforcing materials is also highly worthwhile for further investigation. Further research is
recommended to integrate bio-material-based foamcrete technology and testing at the building scale.
Additionally, exploration of sustainable local alternative fibres such as banana fibres or bamboo as
natural reinforcing materials is necessary.

4. Conclusion

This study demonstrates the potential of EPS—coir hybrid concrete for non-structural applications.
However, claims of structural suitability require validation through 28-day strength and durability tests
(moisture, fire, freeze—thaw). Through experimental approaches and statistical analysis, a
comprehensive understanding of the role of each component in compressive strength and sound
absorption capacity of concrete was obtained. This marks an important advancement in the development
of multifunctional construction materials that support sustainability. The addition of coconut husk has
proven effective in enhancing the compressive strength of lightweight concrete up to a certain limit. The
most effective strengthening effect was achieved at a concentration of around 1%, where the fibres act
as micro binders that reinforce the internal structure and slow down crack propagation. Conversely, the
addition of Expanded Polystyrene (EPS) has a positive impact on the sound insulation capacity of
concrete, particularly at medium frequencies, due to increased porosity and a hollow structure. However,
an excessive increase in EPS concentration leads to a progressive decrease in compressive strength. The
main limitations of this study include short curing duration (7 days) and lack of durability evaluation.

The optimal combination obtained in this study is within the range of 1% coconut husk and 10-20%
EPS, which simultaneously provides compressive strength that still meets lightweight structural
standards and significantly improved sound absorption coefficients. This composition reflects the ideal
compromise between structural and acoustic functions in lightweight concrete.

This study successfully demonstrated a material design approach based on the utilisation of
agricultural waste and plastic, in line with the principles of a circular economy. The use of coconut husk
and EPS not only provides a technical solution but also offers a more sustainable material alternative
for the construction industry. The modified concrete is highly suitable for application in non-structural
building elements, such as wall panels, acoustic partitions, and lightweight modular components that
require weight efficiency and sound control.
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Recommendations

Further studies are highly recommended to explore long-term durability aspects, including moisture
resistence, freeze-thaw cycles, and fire risks. Additional development efforts could focus on large-scale
application and the use of alternative natural fibres from local sources, such as banana fibres or bamboo,
which also have potential as reiforcing agents in environmetally friendy concrete.
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