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Abstract

This work evaluates the performance of concrete incorporating plastic waste as a partial replacement
for fine aggregate, at replacement levels of 0%, 5%, 10%, 15%, and 20%. Various tests were conducted
on fresh and hardened concrete to assess workability, strength, and durability. The slump cone and
compaction factor tests were used to measure workability, yielding a slump range between 25-30 mm
and a compaction factor of 0.98, indicating medium workability. Compressive strength tests revealed
that concrete with 5% plastic replacement achieved near-optimal strength, comparable to conventional
concrete, with a 28-day compressive strength of 30.01 N/mmz2. Similarly, the highest split tensile and
flexural strengths were observed at 5% plastic replacement, beyond which strength values decreased
as plastic content increased. The findings indicate that plastic waste can enhance certain mechanical
properties when used at low replacement levels, particularly 5%, and offer a sustainable approach to
utilizing plastic waste in concrete. This study underscores the potential of plastic-enhanced concrete as
a viable alternative in construction, contributing to sustainable waste management practices.
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INTRODUCTION
The increasing demand for construction materials, particularly fine aggregates like river sand, poses
environmental and ecological challenges. Simultaneously, the accumulation of plastic waste has
become a critical environmental issue worldwide. Innovative approaches in sustainable construction
aim to address both concerns by incorporating plastic waste into concrete, reducing the reliance on
natural aggregates while managing waste effectively. By partially replacing fine aggregates with plastic
waste, this study explores an eco-friendly method to
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(0%, 5%, 10%, 15%, and 20%) through slump cone and compaction factor tests, which provide insights
into the ease of handling and uniformity of the concrete. The study then focuses on the mechanical
performance of these concrete mixes by examining compressive strength at intervals of 7, 14, and 28
days, enabling an understanding of the load-bearing capacity with different plastic replacement levels.
Furthermore, the study investigates the tensile properties of the concrete through split tensile tests,
providing a perspective on its resistance to tensile stresses, while flexural strength tests measure the
bending resistance of concrete with plastic inclusions. Ultimately, this research aims to validate the
potential of plastic waste as an eco-friendly and effective alternative to natural aggregates in concrete,
contributing valuable insights into waste management in construction materials and expanding the
options for sustainable building practices.

MATERIAL
Cement
Ordinary Portland cement of 53grade [IS: 12269 — 1987] specifications for 53 gradeOPC is used.

Plastic Waste
Waste plastic bottles like polypropylene are used in this experimental work.

Fine Aggregate
River sand belongs to zone II.

Coarse Aggregate: Coarse Aggregate of specific gravity 3.1 and impact value of 30% were utilized.

Superplasticizer
Polycarboxylate ether-based superplasticizers is used in this work

Mix Proportion
Designed a mix for M25 grade concrete for the following data
Grade designation: M25
Type of cement: OPC 53 grade
Cement content: 300 kg/m3
Water cement ratio: 0.40
Method of Placing: Manual
Degree of supervision: good
g. Type of aggregate: fine

P00 OTw

RESULTS
Slump Cone Test

These tests measures the consistency of fresh concrete and also check the workability of the fresh
concrete. Slump value for cement mixed concrete is 83 mm and mixture mixed concrete is 78 mm.
Hence it is good workable condition for beams and columns.

Table 1. Slump Value.

Mix wic ratio Slump (mm)
0% 0.48 25
5% 0.48 25
10% 0.48 26
15% 0.48 28
20% 0.48 30
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Inference: The concrete slump test measures the consistency of fresh concrete before it sets. It is
performed to check the workability of freshly made concrete, and thereforethe ease with which concrete
flows. It can also be used as an indicator of an improperlymixed batch.

Compaction Factor Test

Compacting factor of fresh concrete is done to determine the workability of fresh concrete by
compacting factor test as per IS: 1199 — 1959.Compaction factor value is 0.98. The degree of
workability of fresh concrete is medium

Compressive Strength

Inference: Compressive strength can be defined as the capacity of concrete to withstandloads before
failure. Of the many tests applied to the concrete, the compressive strengthtest is the most important, as
it gives an idea about the characteristics of the concrete. The compressive strength of concrete cubes
were tested of size 150 mmx150 mmx150 mm for different proportions of replacement. And at the end
of tests the results were compared with conventional concrete to check the strength obtained. The most
feasible results are visible with only 5% of Plastic waste as partial replacement of fine aggregate when
compared to other percentages.

Table 2. Compressive Strength of Concrete (N/mm?).

Compressive Strength (N/mm?)

Mix 7 days 14 days 28 days

0% 18.35 25.55 30.09

5% 18.21 25.33 30.01

10% 18.21 25.16 29.76

15% 17.07 24.74 29.15

20% 17.01 24.62 28.99
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Figure 1. Compressive Strength of Concrete.

Split Tensile Strength Test

Inference: The split tensile test is conducted to find the strength of concrete in tension.For the testing
of concrete, samples of different proportions are casted of 10cm in diameter and 20 cm in length of a
cylinder. The splitting tensile strength test consists of applying a diametric compressive load along the
entire length until failure occurs. This loading induces tensile stresses on the plane containing the
applied load and compressive stresses in the area around the applied load. Maximum strength was
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attained with 5% plastic waste and reduces with increase in percentage of plastic.

Table 3. Split Tensile Strength Test in N/mm?

Split Tensile Strength (N/mm?)

Mix 7 days 14 days 28 days

0% 1.63 217 3.34

5% 1.54 2.09 3.22

10% 1.16 1.81 3.19

15% 1.09 1.65 3.08

20% 1.02 1.51 291

== 7 days == 14 days 28 days
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Figure 2. Split Tensile Strength.

Flexural Strength Test

Inference: Flexural strength is one measure of the tensile strength of concrete. It is a measure of an
unreinforced con- crete beam or slab to resist failure in bending. It is measured by loading 6 x 6-inch
(150 x 150-mm) con- crete beams with a span length at least three times the depth. The maximum
strength was achieved with 5% mixture whereas the strength reduces with increase in percentage of
plastic

Table 4. Flexural Strength Test (N/mm?).

Flexural Strength (N/mm?)
Mix 7 days 14 days 28 days
0% 0.146 0.235 0.279
5% 0.141 0.229 0.271
10% 0.131 0.225 0.266
15% 0.129 0.222 0.261
20% 0.121 0.218 0.255
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Figure 3. Flexural Strength Test in N/mm?

CONCLUSIONS

Slump Cone Test: These tests measure the consistency of fresh concrete and also check the
workability of the fresh concrete. Slump value for cement mixed concrete is 83 mm and mixture mixed
concrete is 78 mm. Hence it is in good workable condition for beams and columns.

Compaction Factor Test: Compacting factor of fresh concrete is done to determine the workability
of fresh concrete by compacting factor test as per IS: 1199 — 1959.Compaction factor value is 0.98.The
degree of workability of fresh concrete was medium.

Compressive Strength: Compressive strength can be defined as the capacity of concrete to withstand
loads. Before failure. Of the many tests applied to the concrete, the compressive strength test is the most
important, as it gives an idea about the characteristics of concrete. The compressive strength of concrete
cubes was tested of size 150 mmx150 mmx 150 mm for different proportions of replacement. And at
the end of tests the results were compared with conventional concrete to check the strength obtained.
The most feasible results are visible with only 5% of Plastic waste as partial replacement of fine
aggregate when compared to other percentages.

Split Tensile Strength: The split tensile test is conducted to find the strength of concrete in tension.
For the testing of concrete, samples of different proportions are casted of 10cm in diameter and 20 cm
in length of a cylinder. The splitting tensile strength test consists of applying a diametric compressive
load along the entire length until failure occurs. This loading induces tensile stresses on the plane
containing the applied load and compressive stresses in the area around the applied load. Maximum
strength was attained with 5% plastic waste and reduced with an increase in percentage of plastic.

Flexural Strength: Flexural strength is one measure of the tensile strength of concrete. It is a measure
of an unreinforced concrete beam or slab to resist failure in bending. It is measured by loading 6 x 6-
inch (150 x 150-mm) concrete beams with a span length at least three times the depth. The maximum
strength was achieved with 5% mixture whereas the strength reduces with increase in percentage of
plastic.
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