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Abstract -The increasing demand for sustainable
construction materials has driven research into natural Fiber-
reinforced composites as an alternative to conventional
reinforcements. This study focuses on evaluating the structural
behaviour of composites made from kenaf Fiber and HDPE
plastic. Kenaf Fiber are lightweight, sustainable,
biodegradable, and low environmental impact whereas High-
Density Polyethylene (HDPE) is a commonly utilized plastic
recognized for its low strength and resistance to both
chemicals and physical impact. A range of composite
specimens will be made utilizing different Kenaf Fiber content
of 10kg/m3 and 20kg/m3 with a varying plastic aggregates
10%,15%and 20% to accomplish this objective. However, the
experimental analysis is carried out by four- point bending on
six beams of above-mentioned composites. This experiment
results in promising enhancement of load carrying capacity.
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1.INTRODUCTION

Due to its tremendous compressive strength, adaptability to
different structural forms, and versatility, concrete is the
most extensively used building material worldwide.
However, one of its key limitations is its low tensile strength,
which is typically overcome by embedding reinforcement
materials. Steel reinforcement, while highly effective, comes
with drawbacks such as susceptibility to corrosion, high
production costs, and a significant environmental footprint
in terms of carbon emissions during manufacturing. This has
prompted the exploration of alternative reinforcement
strategies that can maintain structural performance while
addressing sustainability concerns. The demand for
sustainable and eco-friendly construction materials has
spurred significant research into the use of alternative Fibers
and polymers in concrete. One such promising composite
material is the combination of Kenaf Fiber and High-Density
Polyethylene (HDPE) plastic, both of which offer notable
environmental benefits. Kenaf, a natural Fiber, has gained
attention due to its abundance, biodegradability, and
strength, while HDPE plastic is widely recognized for its
recyclability.

Incorporating Kenaf Fiber and HDPE plastic into concrete
has the potential to enhance its structural properties. The
interaction between these materials within the concrete
matrix could lead to a composite with improved mechanical
performance, making it a viable alternative for construction

applications. However, the structural behaviour and strength
characteristics of such composites need thorough
investigation to understand their effectiveness and
limitations in practical applications. Integrating such
composites into concrete structures can contribute to
lighter, more durable, and environmentally friendly
construction system

This study aims to evaluate the structural behaviour and
strength characteristics of Kenaf Fiber and HDPE plastic
composites when integrated into concrete. Through
comprehensive experimental analysis, we seek to explore
the Load vs Deflection, and behaviour of Beam is analysed.
By assessing these factors, this research will contribute to
the ongoing exploration of sustainable materials and their
potential integration into the construction industry,
fostering greener and more resilientinfrastructure solutions.
Global awareness has increased in recentyears for a need of
more sustainable and eco-friendly construction practices.
This hasled to a surge in the development and exploration of
alternative materials that can reduce the environmental
impact of construction without compromising the structural
integrity or performance of concrete.

1.1 BACKGROUND AND MOTIVATION

Kenaf Fiber: Kenaf is a fast-growing, sustainable, and
renewable plant that produces long, strong fibers. These
fibers are considered a suitable reinforcing material in
concrete due to their high tensile strength, light weight, and
biodegradable properties. Additionally, kenaf fibers have the
ability to enhance flexural strength of concrete while
reducing cracking and brittleness.
HDPE Plastic: High-Density Polyethylene (HDPE) is a
polymer material that is commonly used in packaging and
plastic products. While HDPE waste poses significant
environmental challenges due to its non-biodegradable
nature, it can be repurposed as a composite material in
concrete. By incorporating HDPE plastic waste into concrete,
there is an opportunity to reduce environmental pollution
while improving the material’s properties, such as increased
ductility, toughness, and resistance to water absorption.
The combination of kenaf fibers and HDPE plastic in
concrete composites is an innovative approach that could
potentially improve the sustainability, strength, and overall
performance of concrete structures.
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2. METHODOLOGY

2.1 MATERIALS
A natural, biodegradable substance that comes from the
plant Hibiscus cannabinus, kenaf Fiber is becoming more
well-liked as an alternate reinforcement for concrete. Kenaf
Fibers are lightweight, flexible, and possess excellent
mechanical properties, making them a suitable candidate for
enhancing the mechanical strength of concrete. In addition,
they have the potential to improve the sustainability of
concrete due to their low carbon footprint, availability as an
agricultural by-product, and biodegradability. Furthermore,
Kenaf Fibers are known to improve the impact resistance
and thermal properties of concrete, potentially leading to
longer-lasting and more durable structures. In
infrastructure. One of the key uses of Kenaf is as a source of
natural Fiber, which is extracted from its stalks. The Fibers
are long, strong, and have a high cellulose content, making
them ideal for various industrial uses, including
reinforcement in concrete.

Properties of Kenaf Fiber

1. Mechanical Strength: Kenaf Fibers are known for
their considerable tensile strength and high stiffness, which
make them suitable as a reinforcement material in concrete.
The Fibers improve the mechanical properties of the
composite material, enhancing its ability to withstand tensile
and impact forces. Concrete becomes more ductile and
resilient when Kenaf Fibers are added, increasing its
resistance to cracking under stresses.

2. Biodegradability: As a natural Fiber, Kenaf is
biodegradable, which adds an eco-friendly dimension to
concrete composites. Unlike synthetic fibers, which can
contribute to long-term environmental waste, Kenaf fibers
decompose naturally over time, reducing the environmental
burden when used in concrete or other construction
materials.

3. Sustainability:

Kenaf is considered an

environmentally friendly crop because it grows quickly and
requires fewer pesticides and fertilizers compared to other
Fiber-producing plants.

Fig-1: Kenaf Fiber

Kenaf fiber is incorporated into concrete mix at 10kg/m3
and 20kg/m3 of 30mm length with diameter between
0.1mm to 0.2 mm.

High-Density Polyethylene (HDPE) aggregate is a
petroleum-based thermoplastic polymer with many uses. It
is extensively utilized in many different applications and is
well-known for having a high strength-to-density ratio,
ranging from plastic bottles, piping, and geomembranes to
toys and packaging materials. HDPE has a crystalline
structure, which contributes to its strength and impact
resistance. Despite its robust properties, it remains
lightweight, making it ideal for both industrial and domestic
uses.

The key advantage of HDPE is its resistance to an extensive
variety of chemicals, including solvents, acids, and alkalis.
This makes it an excellent choice for containers pipes that
are in contact with corrosive substances. Additionally, HDPE
exhibits resistance to UV radiation, which prevents
degradation from prolonged exposure to sunlight, making it
suitable for outdoor applications like water and gas
pipelines. HDPE is also highly recyclable, which contributes
to its environmental appeal. Recycling HDPE can
significantly reduce plastic waste, as it can be reprocessed
into new products without substantial loss of quality. In the
construction industry, it is used for creating durable piping
systems for water, sewage, and gas. Its adaptability also
facilitates convenience installation in a wide range of
environments, including rugged terrains. In conclusion,
HDPE is a widely used material due to its durability,
chemical resistance, recyclability, and cost-effectiveness. Its
ability to be moulded into a variety of shapes and forms,
coupled with its environmental benefits, ensures its
continued relevance across industries.

Local waste disposal stations in Bangalore, Karnataka, were
the source of the plastic waste. Following collection, the
plastic waste was categorized into HDPE. The plastic garbage
was sorted and then properly cleaned. The plastic was sent
to a shredding machine to shrink the HDPE after it had been
cleaned. After that, the HDPE was heated to 200° to 250°
Celsius and delivered to screening chambers to get rid of the
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contaminants. After cooling to room temperature, the hot,
molten HDPE will take on the uneven shapes of rocks. A jaw
crusher will be used to smash the cooled HDPE to the
necessary size.

2.2 MATERIAL TEST

Tamping was meticulously performed to achieve proper
compaction.

After compaction, the top surface of the beam is leveled
and smoothed to meet the desired finish. This may include
a rough finish (for further finishing later) or a smooth
surface for aesthetic or functional purposes.

S1 | Physical cement | FA CA HDPE The beams were removed from the moulds after 24 hours
no. | properties and then cured for 28 days using the Immersion curing
method.
1. Specific 3.10 2.64 2.74 0.94 “!w e ﬁ“
Gravity e ‘ | |_/ ‘ | ‘ ‘ i o aso
2. Bulk Density | 1440 1500 | 1400 | 930 s
\—2;1zmmnBARs [
3. Finess 7 3.15 6.7 5.2 1300mm "
Modulus (%)
4. Water 3 2.7 0.01 LONGITUDINAL SECTION CROSS SECTION OF BEAW
Absorption
(%) Fig-3: Beam Schedule Reinforcement

2.3 MIX DESIGN

*  Grade of concrete: M25

¢ Slump -assumed 75 to 100mm for a controlled
beam

*  Water cementratio: 0.45

* Cement content: 425.73kg/m3

*  Fine aggregate: 621.12kg/m3

*  Water content: 191.6kg/m3

*  Coarse aggregate:1106.145kg/m3

Mix ratio: 1:1.45:2.6

2.4 BEAM DETAILS

Beams | Cement | CA FA KF HDPE
Kg Kg | Kg | (kg/m3) | Kg

BO 16.6 43 24.22 - -

B1 16.6 38.7 | 24.22 |10 4.3

B2 16.6 36.55 | 24.22 | 10 6.45

B3 16.6 344 | 24.22 |10 8.6

B4 16.6 38.7 | 24.22 | 20 4.3

B5 16.6 36.55 | 24.22 | 20 6.45

B6 16.6 344 | 24.22 | 20 8.6

Seven beams were casted in the laboratory as per above
Details where HDPE aggregates were partially replaced with
Coarse aggregate in a range of 10%,15%and 20% along with
admixture (KF) Of 10kg/m3 and 20kg/m3.

The beams were cast in the casting laboratory of Dr.
Ambedkar Institute of Technology using an M25 mix
proportion.

Throughout the casting process, all safety measures were
adhered to. Materials were measured using the weight
batching method.

C Til e

Fig-4: Beam 1

Fig-7: Beam 4
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Fig-8: Beam 5

Fig-9: Beam 6
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Chart-1: Load vs Deflection Curve of Controlled Beam

¢ The control beam's deflection increases from 0.8
mm at 10 KN to 15 mm at 110 KN.

*  Therelationship between load and deflection is non-
linear, with the deflection increasing rapidly after
around 80 KN.

* The beam shows significant deflection even at
relatively low loads, suggesting potential limitations
in its structural capacity.

load vs deflection curve of
B0,B1,B4
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Chart-2: Load vs Deflection of BO, B1, B4

Beam 1 carried an ultimate load of 112KN with a max
Deflection of 14.8mm and Beam 4 carried an ultimate load of
115KN with a max deflection of 15.3mm

Load vs deflection curve of
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Chart-2: Load vs Deflection Curve of B0, B2, B5

Beam 2 carried an ultimate load of 105KN with a max
deflection of 7.9mm and Beam 5 carried an ultimate load of
108KN with a max deflection of 11.2mm

Load vs Deflection curve of
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Chart-3: Load vs Deflection Curve of B0, B3, B6

Beam 3 carried an ultimate load of 80KN with a max
deflection of 6.5mm and Beam 8 carried an ultimate load of
90KN with a max deflection of 8.3mm.

Beam ID | Pcr (KN) | Pu(KN) Acr (mm) | Au (mm)
BO 38 110 2.3 15

B1 40 112 0.4 14.8

B2 33 105 0.3 7.9

B3 20 80 0.9 6.5

B4 36 115 0.5 15.3

B5 32 108 0.4 11.2

B6 23 90 0.9 8.3

Pcr: Initial Crack Load, Pu: Ultimate Load, Ac r: Initial Crack
deflection, Au: Ultimate deflection

© 2025,IRJET | ImpactFactor value: 8.315

IS0 9001:2008 Certified Journal | Page4




’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 12 Issue: 08 | Aug 2025

www.irjet.net

p-ISSN: 2395-0072

3. RESULT AND DISCUSSION

*  As from the analysis of beams, beam1 with
10kg/m3 of kenaf Fiber and 10%of HDPE plastic
carried an ultimate load of 112 KN With max
deflection of 14.8mm which is 2KN greater than
the controlled beam.

* Beam 2 with 10kg/m3 of kenaf Fiber and 15%of
HDPE plastic carried an ultimate load of 105KN
With max deflection of 7.9mm which is 5KN
Weaker than the controlled beam.

*  Beam 3 with 10kg/m3 of kenaf Fiber and 20%of
HDPE plastic carried an ultimate load of 80KN
With max deflection of 6.5mm which is 30KN
weaker than the controlled beam.

* Beam 4 with 20kg/m3 of kenaf Fiber and 10%of
HDPE plastic carried an ultimate load of 115 KN
With max deflection of 15.3mm which is 5KN
greater than the controlled beam.

* Beam 5 with 20kg/m3 of kenaf Fiber and 15%of
HDPE plastic carried an ultimate load of 108 KN
With max deflection of 11.2mm which is 2KN
Weaker than the controlled beam.

* Beam 6 with 20kg/m3 of kenaf Fiber and 20%of
HDPE plastic carried an ultimate load of 90KN
With max deflection of 6.5mm which is 20KN
weaker than the controlled beam.

4. CONCLUSIONS

From the experimental study, It is determined that the
structural behaviour of reinforced concrete beams is greatly
impacted when HDPE plastic aggregate is used in place of
natural coarse aggregate. Among the varying replacement
levels, the beam with 10% HDPE aggregate exhibited the
maximum flexural strength and load-carrying capacity,
indicating that this percentage provides an optimum balance
between strength and sustainability. Higher replacement
levels showed a gradual reduction in strength, highlighting
that controlled incorporation of HDPE at 10% is most
suitable for enhancing beam performance while promoting
eco-friendly construction practices.

The results of this project would likely show a promising
combination of kenaf Fibers and HDPE plastic waste as
composite materials for concrete. The potential outcomes
could include enhanced mechanical properties, improved
sustainability, and reduced environmental impact, which
would offer a viable alternative to conventional concrete in
certain applications. The research might conclude that, with
the correct mix design, kenaf Fiber and HDPE plastic
composite concrete can be a cost-effective and
environmentally friendly material suitable for a variety of
structural applications, contributing to a more sustainable
construction industry, waste management and greener
construction practices without significantly compromising
structural Integrity.
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