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Abstract: Human life is inseparable from the use of plastic in everyday life. LDPE plastic significantly impacts the
environment as it is difficult to decompose naturally. On the other hand, natural waste such as seashells and coconut fiber are
often found without further processing needs to recycle. To overcome this issue, there must be an effort to recycle these
wastes. This research aims to determine the substitution effects of recycled products (LDPE plastic, seashells, coconut fiber)
in producing paving blocks. The paving block is made with 2 main variations: a mixture of LDPE plastic and seashells (X1
and X2) and a mixture of LDPE plastic and coconut fiber (Y1 and Y2). The results show that paving block X has a higher
compressive strength than paving block Y. The best paving block mixture is variation X2, which has a maximum load of 11
kN, a compressive strength of 46.797 kgf/cm?, and a maximum water absorption capacity of 4,8 %. The compressive strength
values from the variations of the produced paving blocks are below the quality requirements set by SN103-060292-1996.
However, producing paving blocks with LDPE plastic, seashells, and coconut fiber can positively address waste issues in the

Karawang Regency community through recycling practices.
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Introduction

In the current era, waste issues have become a serious
challenge faced by various regions worldwide. One of the
most concerning types of waste is Low-Density Polyethylene
(LDPE) plastic waste. The extensive daily use of LDPE
plastic led to increased LDPE plastic waste production that
is difficult to decompose in the soil even after being buried
for years [1]. Karawang, as a coastal area, faces additional
problems related to coconut fiber and seashell waste.
Coconut fiber is a by-product of the coconut industry, and
seashells originate from seafood consumption waste, both
commonly encountered and not effectively utilized.

In construction, paving blocks are commonly used for
various building projects. Typically, paving blocks are made
from sand, cement, and water [2]. On the other hand, coconut
fibers have several advantages, including a tensile strength
of 46.67 N/m?, making them resistant to decay, lightweight,
and elastic [3]. One approach is to use LDPE plastic waste
(Low-Density Polyethylene), seashells, and coconut fibers as
raw material mixtures. LDPE plastic has a simple polymer
chemical structure, making it easy to produce [4]. Seashells
can also be employed as a mixture for making paving blocks
because they share the same chemical compound as sand [5].
Seashell powder contains pozzolanic chemical compounds
containing lime (CaO), alumina, and silica compounds,
making it suitable for paving block raw material [6].
Utilizing these three materials is expected to result in paving
blocks with improved properties, especially in terms of
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compressive strength and water absorption capacity, and as
a solution to address waste issues.

LDPE (Low-Density Polyethylene) is a type of plastic
with the code 4 commonly found in plastic bags or plastic
wraps for food packaging [7]. LDPE has a low density,
approximately 0.742 g/ml, viscosity of 0.78 grams/ml, a
melting point of 115°C, and high chemical resistance, but it
easily dissolves in benzene and
tetrachlorocarbon (CCI4) [8]. The unique characteristics of
LDPE, with its high chemical resistance, make it a beneficial
material in various applications.

Previously, research on substituting raw materials for
paving block production has been conducted by several
researchers with significant results. Research using a mixture
of plastic and coconut fibers in paving block production has
an average compressive strength of about 9-12 Mpa [9] and
an average water absorption rate of about 2.45% [10]. On the
other hand, research on using a mixture of plastic with shells
has also been conducted, yielding an average compressive
strength of about 12.8 Mpa [11] and an average water
absorption rate ranging from 3.53% to 4.89% [12]. None of
these studies precisely specify the type of plastic used,
necessitating a more specific examination.

This study examines the influence of using LDPE
waste, coconut fibers, and seashells as raw material mixtures
in paving block production. Thus, this research also
significantly reduces the negative impact of LDPE plastic
waste and utilizes the untapped potential of coconut fiber and
seashell waste more optimally. In other words, this study
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contributes to sustainable solutions in the construction
industry by supporting more efficient waste management.

Research Methods

This research employs an experimental method to
examine the production of paving blocks using LDPE plastic
waste, seashells, and coconut fiber. All these compositions
will undergo physical tests, including compressive strength
and water absorption tests on the produced paving blocks.
The results of these tests will be compared with the SNI 03-
0691-1996 standard.

This study combines the use of LDPE plastic waste
and organic waste in producing environmentally friendly
materials, potentially reducing the use of conventional
materials such as bricks or paving blocks that require
significant natural resources.

The paving block production research using LDPE
plastic and coconut fiber waste was conducted from June 18
to June 24, 2023. The results of this research are expected to
yield paving blocks as an environmentally friendly solution
for managing plastic waste and reducing organic waste.

Preparation

Producing paving blocks from recycled materials
such as LDPE plastic, seashells, and coconut fiber is an
environmentally friendly innovation. The first step in
making paving blocks is preparing the tools and materials.
The tools used include scales, mixers, presses, paving block
molds, cloth, scissors, buckets, LDPE plastic, seashells,
coconut fiber, cement, sand, and water.

The following process is material sorting, where the
primary materials are prepared. LDPE plastic is taken from
the Karawang Waste Bank, paying attention to the type of
plastic collected. Meanwhile, seashells are obtained from
Pasir Putih Cilamaya Beach, Karawang, and coconut fiber is
collected from the waste of the Nata de Coco factory.

After sorting, the next step is chopping LDPE plastic,
seashells, and coconut fiber. The chopping process aims to
facilitate the mixing of these materials. Each step ensures
that all required materials are prepared in optimal conditions
and recycled correctly.

i

Figure 1. Choppig of Ingredients

Implementation

After preparing the necessary tools and materials, the
next step is to carry out the process of making paving blocks.
This process plays a crucial role in testing the potential use
of these materials in producing paving blocks with improved
properties, especially in terms of compressive strength and
water absorption.

The materials are mixed according to the specified
composition. The mixing process is done sequentially and
according to predetermined proportions to create a well-
mixed combination and balanced contribution to the final
properties of paving blocks. Once all the materials are
uniformly mixed, the next step is to pour the mixture into
paving block molds with 20 x 20 cm dimensions, then
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compact it by pressing. The final step is the drying process,
where the paving blocks, either molded or finished, are dried
under direct sunlight.

Table 1. Comparison of Paving Block Material
Composition

Comparison of Paving Block Material
Composition (g)

Code
LDP.E Seashell Cement Sand
Plastic
X1(1:2:4:21) 175 375 750 3750
X2(2:1:4:21) 375 175 750 3750
Comparison of Paving Block Material
Composition (@)
Code LDPE  Coconut Cement Sand
Plastic Fiber
Y1(1:3:1:2) 350 750 1500 2500
Y2(3:1:1:2) 750 350 1500 2500

Figuréjzl. Drying of Paving Blocks

Testing

The dried paving blocks undergo compressive
strength testing and water absorption testing. Compressive
strength testing was conducted on September 4, 2023, at the
Infrastructure Technology Center Laboratory (PUTI) of the
Department of Civil Engineering, Jakarta State Polytechnic.
Meanwhile, water absorption testing is carried out at the
dedicated laboratory of Singaperbangsa University
Karawang.

Results and Discussion

In the implementation, the chopping process aims to
reduce the size of the materials to ensure even mixing [13].
Mixing the materials ensures that each component
contributes evenly, creating a homogeneous mixture
supporting the paving block's final property [14].
Subsequently, the drying process helps eliminate excess
water content, ensuring that the paving blocks achieve the
desired strength and properties [15].

Compressive strength testing will provide an
overview of how the raw material mixture consisting of
LDPE plastic, coconut fiber, and seashells can affect the
durability and strength of the resulting paving blocks. The
paving blocks to be tested are prepared as standardized
blocks measuring 20 x 20 cm. Each variation of the raw
material mixture is uniformly placed on the prepared
compression testing device. This is done to ensure that the
testing yields accurate and reliable results.

Paving blocks have been made with LDPE plastic,
seashells, and coconut fiber. The variations include the
mixture of LDPE plastic and seashells (X), namely X1 with
more seashells than X2. The variation of LDPE plastic and
coconut fiber (Y), namely Y1, has more coconut fiber than
Y2. These variations are created to determine the paving
block mixture with the highest strength.
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Looking at the visible properties of paving blocks
with a mixture of LDPE plastic-seashells (X) and LDPE
plastic-coconut fiber (), they have nearly the same smooth
surface, without cracks or defects, visible fibers, and the
corner parts are not easily cut with finger strength. Although
both have nearly the same smooth surface, the presence of
fibers and additional material structures can give different
characteristics to the two variations of paving blocks.
Variation X shows that seashell particles on the surface of
the paving block are barely visible; this is similar to what
was done by Yuliana et al. (2021) in making seashell
composites [16]. Meanwhile, variation Y still shows coconut
fiber's texture on the paving block's surface.

Figure . The mixture of LDPE Plastic, Seashell, and
Coconut Fiber Paving Blocks

Another physical property to consider in paving blocks
is resistance to pressure (compressive strength) and its ability
to absorb water (water absorption). Compressive strength
measures how well paving blocks can withstand pressure or
loads applied to them without excessively burdening the
structure underneath [17]. This compressive strength refers
to the SNI 03-0692-1996 mentioned earlier. The
compressive strength results of the four variations of paving
blocks produced are shown in Table 2.

Table 2. Paving Block Compressive Strength Test Results
Test Results

Mark Max Load Compressive Strength
(kN) (Kgficm?) (mPa)

X1 6 34.446 3.378
X2 11 46.797 4.5892
Y1 5 28.357 2.7809
Y2 5 27.119 2.6595

Table 2 shows that paving blocks with LDPE plastic
and seashells (X) have higher compressive strength than
those with LDPE plastic and coconut fiber (). This could
be because seashells tend to have a hard and dense texture,
so when mixed with LDPE plastic, they can function as a

Table 3. Paving Block Water Absorption Test Results
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natural reinforcement [18]. Additionally, the powdered form
of seashells can thoroughly mix with the composition of
other paving block materials, namely cement and sand. The
similarity in the physical form of all raw materials in
variation X enhances the bonding between the existing
materials, resulting in a stronger bond. On the other hand,
coconut fiber has looser and lighter fibers, which can reduce
the compressive strength of the mixture [19]. The distinct
coconut fiber form, presented as strands, differs from the
shape of other raw materials in variation Y. This distinction
weakens the bonding between the paving block constituents,
leading to a lower compressive strength than variation X.

The compressive strength value for the LDPE plastic
and seashells mixture, namely X2 (46.797 Kgf/cm?), is much
larger than X1 (46.797 Kgf/cm?), proving that the amount of
LDPE plastic plays a significant role in the strength of the
paving block.

The compressive strength values for both variations
of LDPE plastic with coconut fiber (Y1 and Y2) are almost
the same, with values of 28-27 Kgf/cm? and a maximum load
of 5kN. This result indicates that the amount of LDPE plastic
and coconut fiber does not affect the compressive strength of
the paving block.

SNI Standard 03-0349-1989 sets the minimum
requirements for the compressive strength of paving blocks
at 35 kgf/cm? [20]. By achieving a maximum compressive
strength of 46.797 kgf/cm?, variation X2 demonstrates
excellent quality, providing confidence that this paving
block meets and even exceeds the established quality
standards. This indicates that the strongest material for
paving blocks comes from a mixture of seashells and LDPE
plastic with a higher composition. Higher compressive
strength is one of the factors ensuring that paving blocks can
be used in applications requiring higher mechanical
durability.

The next test is water absorption. Water absorption
measures how much water paving blocks can absorb to
reduce the risk of cracking due to trapped freezing water
[20]. When water is trapped inside paving blocks and
subsequently freezes, it expands, causing pressure and
enlarging its volume. This process can damage the structure
of paving blocks because the generated pressure may result
in cracks or even serious structural damage. Therefore, low
water absorption can reduce the risk of cracking due to
freezing, preserve the structural integrity of paving blocks,
and enhance the quality and durability of the material. Here
is the table comparing the physical test results on paving
blocks.

Mark Size (cm) Thickness (cm) Dry Weight (Kg) Wet Weight (Kg) Water Absorption (%)
X1 20x20 5.5 4.40 4.55 3.4
X2 20x20 5.5 3.95 4.15 4.8
Y1 20x20 5.5 3.05 3.15 3.27
Y2 20x20 5.5 3.05 3.15 3.27

The table above shows that the LDPE plastic and
seashells mixture (X) has an average water absorption of
around 3.4% - 4.8%, while the LDPE plastic and coconut
fiber mixture (Y) has an average water absorption of around
3.27%. The water absorption of paving blocks with a mixture
of LDPE plastic and seashells is higher than that of paving
blocks with a mixture of LDPE plastic and coconut fiber.

This occurs because seashells tend to have a more porous
nature with many microscopic cavities, whereas coconut
fibers have a denser fiber structure with fewer cavities or
pores [21]. Pores or microscopic cavities in seashells allow
for higher water absorption. Conversely, the denser fiber
structure in coconut fibers can reduce water absorption.
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Paving blocks with more LDPE plastic and seashells
(X1) at 4.81% have the highest water absorption among the
block variations, indicating the highest risk of cracking.
Conversely, paving blocks with less LDPE plastic and
coconut fiber (Y2) at 3.17% have the lowest water
absorption, indicating the lowest risk of cracking for use.

Compressive strength and water absorption testing in
paving blocks can be referred to according to the Indonesian
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National Standard (SNI) for paving blocks with the number
03-0692-1996. In this SNI list, the quality of paving blocks
is divided into several categories depending on how strong
the compressive strength of the paving block is. Quality
requirements according to SNI 03-0692-1996 are written in
the following table.

Table 4. Quality Requirements for Paving Blocks According to SNI 03-060292-1996

. Compressive strength (mPa) Max Water e
Quality Average Min Absorption (%) Classification
A 40 35 3 For roads
B 20 17.0 6 For parking facilities
C 15 12.5 8 For pedestrians
D 10 8.5 10 For parks and other uses

Based on the results, the water absorption value is
excellent, around 3%, which meets the quality standard A
according to SNI 03-060292-1996. However, the
compressive strength values obtained from the variations of
paving blocks produced are below the quality requirements
set by SNI. Nevertheless, paving blocks made from a mixture
of LDPE plastic, seashells, and coconut fibers can contribute
positively to addressing waste issues.

Conclusion

Paving blocks have been produced with a mixture of
LDPE plastic, seashells, and coconut fibers, showing
potential for creating environmentally friendly materials.
Paving blocks made from LDPE plastic and seashell (X)
mixture show higher compressive strength than those with a
mixture of LDPE plastic and coconut fiber (Y). In testing,
variation X2 has a maximum compressive strength of 11 kN
and a compressive strength of 46.797 kgf/cm?. Meanwhile,
water absorption in paving blocks with a mixture of LDPE
plastic and coconut fiber () is lower than in paving blocks
with a mixture of LDPE plastic and seashell. Variation Y2
shows the lowest water absorption at 3.17%, indicating a
more negligible risk of cracking and good usability.
Therefore, variation X2, a mixture of LDPE plastic and
seashells, provides the best substitution effect. This is
demonstrated by having the highest compressive strength,
maximum load, and a sufficiently good maximum water
absorption capacity. From the test results, the water
absorption value meets the excellent quality standard A of
around 3%, by the provisions of SNI 03-060292-1996.
Nevertheless, the compressive strength values from the
variations of the produced paving blocks are still below the
quality requirements set by SNI. However, paving blocks
with a mixture of LDPE plastic, seashells, and coconut fiber
can positively address waste issues in the Karawang
Regency community through recycling practices. In the
subsequent research, an exploration can be conducted on
utilizing coconut fibers by transforming them into powder
form. Additionally, it is recommended to create a more
extensive range of variations to be more specific in
determining the most suitable substitution material.
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