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Abstract - Efforts to manage waste are being carried out at various levels, ranging from households to large-
scale industries that generate waste on a daily basis. The imbalance between waste generation and proper
management has turned waste into a serious environmental concern. Among the different types of waste, plastic
is one of the most difficult to naturally decompose (non-biodegradable) and represents the largest portion
compared to other waste materials. Statistical data show that in several cities across Indonesia, the amount of
non-biodegradable waste disposed of at final disposal sites reaches 6,598.23 tons per day. This study was
conducted with both general and specific objectives. The general aim was to utilize plastic waste as a composite
material, while the specific objective was to analyze the tensile strength properties of composites produced from
plastic waste reinforced with durian fibers. By exploring the potential of plastic waste in construction materials,
this research seeks to provide a sustainable solution to the plastic waste problem while contributing to
environmental preservation. Four different specimens were prepared for testing: Specimen A (80% plastic waste
and 20% durian fiber), Specimen B (60% plastic waste and 40% durian fiber), Specimen C (40% plastic waste and
60% durian fiber), and Specimen D (20% plastic waste and 80% durian fiber). The results revealed that Specimen
B exhibited the highest average tensile strength of 20.9 MPa, indicating significant potential for enhancing
material performance. In contrast, Specimen D showed the lowest average tensile strength of only 1.2 MPa,
highlighting the need for further composition optimization to improve mechanical properties. Overall, this study
provides valuable insights into the development of recycled composite materials for use in construction and
broader industrial applications.
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Introduction

waste is the most difficult to naturally decompose. Within

Waste management efforts are continuously carried
out at various levels, ranging from households to large
industries. In addition to being responsible for product
manufacturing, industries are also obliged to manage the
waste they generate every day. The imbalance between
the volume of waste produced and the efforts to manage
it has turned waste into a serious environmental
problem [1].

Among the different types of waste, nonbiodegradable

this category, plastic waste is the most dominant.
According to statistical data, the volume of inorganic
waste disposed of at final disposal sites (TPA) in several
cities in Indonesia reaches 6,598.23 tons per day. This
figure highlights the urgent need for effective waste
management strategies. At present, waste reduction
efforts at disposal sites remain insufficient to keep pace
with the increasing accumulation, leading to continuously
growing waste piles [2].
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This situation underscores the importance of
innovative and sustainable solutions in addressing waste
issues. The rising volume of plastic waste poses a major
challenge not only to waste management systems but
also to environmental sustainability. Due to its
nonbiodegradable nature, plastic can persist in the
environment for hundreds of years, causing soil and water
pollution, threatening wildlife, and contributing to
broader ecological problems [3].

Plastic dominated nonbiodegradable waste represents
a critical issue because it cannot be naturally
decomposed. In Indonesia, the demand for plastic
continues to increase, with production rising by
approximately 200 tons annually. This growth is largely
due to the advantages of plastic in retaining moisture and
protecting products, making it difficult to replace and
leading to uncontrolled usage. Ironically, the durability of
plastic, once considered an advantage, has become a
major drawback, as it requires hundreds of years to fully
degrade [4]. The negative impacts are evident, such as the
formation of garbage islands in the ocean that threaten
marine ecosystems. Instances of large fish ingesting
plastic highlight the severity of environmental damage
caused by poor plastic waste management [5].

In response to these challenges, research and
innovation in utilizing plastic waste have become
increasingly crucial [6]. Transforming plastic waste into
useful products, such as construction materials, not only
helps reduce waste volume but also promotes recycling
and sustainability. One promising application is the use of
plastic in paving block production. Owing to its adhesive
properties, plastic can potentially serve as an alternative
binder to replace cement. Many construction materials,
such as concrete, rely heavily on cement as a binder.
However, substituting cement with plastic requires
further investigation. Strength remains a key
consideration in construction materials to prevent
structural failures [7, 9]. If proven effective, the use of
plastic as a binder in paving blocks could significantly
reduce plastic pollution [8, 10, 11].

In this study, four types of specimens were prepared:
Specimen A (80% plastic waste and 20% durian fiber),
Specimen B (60% plastic waste and 40% durian fiber),
Specimen C (40% plastic waste and 60% durian fiber), and
Specimen D (20% plastic waste and 80% durian fiber).

2 Method

The research began with a literature review to
establish the theoretical foundation and identify relevant
studies on the use of plastic waste and glass powder in
composite materials. Based on this review, four
specimens were prepared with different composition
ratios of glass powder and plastic waste.

340

The specimens were then subjected to tensile testing
in accordance with the ASTM D638 standard to evaluate
their mechanical properties [12]. After the testing phase,
the collected data were analyzed and discussed to
interpret the relationship between composition and
material strength.

The research process concluded with the preparation
of the final report. The overall research flow is illustrated
in the flowchart presented in Figure 1.

[ Literature Review ]

Y
[Problem Formulation]

Y

[ Specimen Preparation ]47

h 4

[Specimen Testing]

No

Tensile Strength Value Obtained

Yes

[ Analysis and Discussion ]

Figure 1. Research flow diagram

2.1 Specimen Preparation

The utilization of discarded waste was applied in the
preparation of specimens. In this study, the specimens
were fabricated using two types of waste materials,
namely durian fibers and plastic waste, which were
processed through heating to replace resin. This process
aimed to recycle these materials into potentially valuable
composites. The durian fibers and plastic waste used in
this research are shown in Figure 2.

. Figure 2. Durian fiber and plastic waste
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The specimens were fabricated using the compression
molding method, a technique commonly employed in the
production of composite materials. Each specimen was
prepared according to the ASTM E8 standard to ensure
consistency and facilitate analysis during testing [13]. This
preparation method allowed for reproducible specimens,
ensuring reliable and accurate test results. The specimen
mold is shown in Figure 3.

Figure 3. specimen mold

This study utilized four types of specimens with
different composition ratios. Specimen A consisted of
80% plastic waste and 20% durian fiber, Specimen B
consisted of 60% plastic waste and 40% durian fiber,
Specimen C consisted of 40% plastic waste and 60%
durian fiber, and Specimen D consisted of 20% plastic
waste and 80% durian fiber. The detailed composition of
each specimen is presented in Table 1.

Table 1. Composition of specimens

Specimens Plastic Waste (%) Durian Fiber (%)
Specimen A 80 20
Specimen B 60 40
Specimen C 40 60
Specimen D 20 80

The specimen fabrication process was carried out by
heating the plastic waste until it melted, after which it
was mixed thoroughly with durian fiber. Once the two
materials were evenly combined, the mixture was placed
into the mold. Figure 4 shows the plastic melting
equipment, while Figure 5 presents the molded
specimens.
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Figure 5. specimen

2.2 Specimen Testing

The tensile tests were conducted in accordance with
the ASTM D638 standard using a Universal Testing
Machine, Model E.43.104. This machine was employed to
apply a controlled load to the specimens in order to
measure tensile strength, elongation at break, and
overall stress—strain behavior. The use of Model E.43.104
ensured accuracy and consistency throughout the testing
process. The testing equipment is presented in Figure 6.

M Isra, Fauzan, M N Rizki, T R M Hadi, A Rizqullah

Malikussaleh Journal of Mechanical Science and Technology
Vol.9 No.2 (2025) 339-343



Figure 6. Universal Testing Machine Model E.43.104

3 Result And Discussion

The testing conducted in accordance with the ASTM
D638 standard produced different results for each
specimen composition. Figure 7 presents the average test
results for each specimen.

Results of Specimen Testing
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Figure 7. Result of specimen testing

Based on the research findings, it can be concluded
that the composition ratio between plastic waste and
durian fiber has a significant impact on the compressive
strength of the recycled material. Specimen B stands out
with the highest compressive strength value, reaching
20.9 MPa, indicating that the composition of 60% plastic
waste and 40% durian fiber provides highly favorable
results in terms of material strength.

On the other hand, Specimen D shows the lowest
performance, with only 1.2 MPa, highlighting that a

342

higher proportion of durian fiber (80%) tends to
significantly reduce the compressive strength of the
material.

Specimens A and C, with compressive strengths of 19.4
MPa and 9.5 MPa respectively, reveal an interesting
pattern in the relationship between composition and
compressive strength. Specimen A, with 80% plastic
waste and 20% durian fiber, demonstrates that a smaller
proportion of durian fiber can make a significant
contribution to improving the compressive strength of
the material.

Meanwhile, Specimen C, composed of 40% plastic
waste and 60% durian fiber, demonstrates that increasing
the proportion of durian fiber does not necessarily result
in a proportional improvement in compressive strength.
In fact, a higher fiber content may lead to weaker bonding
between the plastic matrix and the reinforcing fibers,
thereby reducing the overall mechanical performance of
the composite. This finding suggests that there is a critical
threshold for fiber addition, beyond which the
mechanical benefits diminish and the material may
become more brittle or structurally unstable.

The results provide important insights for the
development of sustainable construction materials
derived from recycled waste. Understanding the
interplay between fiber content and mechanical behavior
enables researchers and engineers to tailor material
compositions that optimize both strength and
environmental impact. Such knowledge can guide future
studies to explore surface treatments, fiber size
optimization, or hybrid compositions to achieve the ideal
balance between mechanical properties, durability, and
eco-friendliness. Ultimately, this research contributes to
the broader goal of designing innovative,
environmentally friendly materials that meet the
structural requirements of modern industrial and
construction applications while promoting sustainable
waste management practices.

4 Conclusion

The study concludes that the composition of plastic
waste and durian fiber significantly affects the
compressive strength of recycled materials, with
Specimen B (60% plastic waste, 40% durian fiber)
achieving the highest strength at 20.9 MPa, indicating this
ratio offers the best mechanical performance. Specimen
D (20% plastic waste, 80% durian fiber) recorded the
lowest strength at 1.2 MPa, showing that excessive
durian fiber weakens the material. Meanwhile, Specimen
A (80% plastic waste, 20% durian fiber) reached 19.4
MPa, and Specimen C (40% plastic waste, 60% durian
fiber) obtained 9.5 MPa, suggesting that while moderate
fiber content can enhance strength, optimal composition
is essential for producing eco-friendly materials with
reliable structural properties.
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