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Abstract: The reuse of plastic is crucial in addressing environmental concerns. Incorporating waste plastics into concrete
by converting them into aggregates presents a viable solution for their disposal. This study examines the mechanical
behavior of concrete incorporating waste Low-Density Polyethylene (LDPE) granules as a partial replacement for coarse
aggregates. It also explores the combined utilization of recycled plastic and marble powder as partial substitutes for coarse
aggregates and cement, respectively. LDPE waste was collected and blended with Ordinary Portland Cement (OPC) at
varying proportions (0%, 20%, 30%, and 40%) to replace coarse aggregates. Additionally, marble powder was used to
replace cement in proportions of 5%, 10%, and 15% for each variation of plastic granules. The workability, compressive
strength, and split tensile strength of the prepared concrete mixes were evaluated.
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Introduction

A wide range of waste materials, such as fly ash, silica fume, marble waste, industrial byproducts, and agricultural
residues, are increasingly used in construction products like fly ash concrete and jute fiber composites. Among these,
plastic waste, generated in massive quantities worldwide in the form of carry bags, polyethylene bags, bottles, and scrap,
poses significant environmental challenges due to its low biodegradability. Addressing this issue, this study investigates
the potential of replacing coarse aggregates in concrete with plastic granules.

The research aims to evaluate the performance of concrete when normal aggregates are replaced with plastic granules,
focusing on its workability, strength, and load-bearing capacity. Aggregates significantly impact the fundamental
properties of concrete (Muhit et al., 2013). Additionally, marble powder was examined as a partial cement replacement,
though its use has been found to reduce compressive strength in some cases (Bajad et al., 2012). This study highlights the
viability of using waste plastic and marble powder as sustainable construction materials to enhance environmental
management and resource utilization.

Literature Review

Coarse aggregate is a critical component of concrete, significantly influencing its mechanical properties and
functionality. Numerous studies have explored the impact of aggregate shape, size, and characteristics on concrete
performance.
Ponnada (2014) investigated the combined effects of flaky and elongated aggregates on the strength and workability of
M25 grade concrete. The study tested various ratios of elongated-to-flaky aggregates and angular-to-total aggregates to
evaluate the mechanical properties of the prepared concrete. Similarly, Muhit et al. (2013) examined the influence of
different aggregate types on concrete properties while maintaining a constant water-to-cement (w/c) ratio. The study
highlighted the role of aggregate shape and grading in influencing concrete behavior.
Jakarsi (2013) assessed the effects of flaky aggregates on concrete properties, demonstrating that their presence impacts
strength. The research included mixes with varying proportions of flaky aggregates. Singh and Biswas (2013) noted that
flaky aggregates possess a higher relative surface area, increasing bitumen requirements in asphalt mixtures and reducing
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the strength of pavement layers due to breakage during rolling. They emphasized the importance of maintaining aggregate
grading and size consistency during practical applications.

Naidu and Adiseshu (2013) explored the strength and workability of hot mix asphalt, showing that the physical properties
and shapes of aggregates significantly influence dense bituminous macadam mixtures. Ryza et al. (2013) demonstrated
the connection between aggregate particle shape and several concrete properties, including stability, rut resistance, shear
resistance, and tensile strength. Advanced imaging techniques have been employed to analyze aggregate shape
characteristics.

Patil and Sangle (2013) studied the substitution of cement with marble powder, observing the effects on concrete strength.
They categorized marble powder into two particle size ranges to evaluate its influence. Khatib et al. (2012) examined the
use of marble powder as a partial cement replacement and reported the results of ultrasonic pulse velocity, compressive
strength, and absorption tests.

Jain and Chouhan (2011) highlighted the significant impact of aggregate shape on the compressive strength and
permeability of pervious concrete. Their laboratory investigations used aggregates of varying shapes and water-to-cement
ratios. Adom-Asamoah and Afrifa (2011) tested reinforced concrete beams made with coarse aggregates, finding that
premature shear failures occurred more frequently than expected. Displacement flexibility was noted to be low despite
adherence to design codes.

Othman et al. (2010) analyzed Marshall test results to understand the effects of cubical aggregates on mix properties.
Similarly, Hamzah et al. (2010) investigated the mechanical properties of mixtures incorporating cubical aggregates with
varying sharpness degrees, revealing significant impacts on stability and flow characteristics.

Vyawahare and Modani (2009) focused on improving concrete workability and strength by incorporating flaky and
elongated aggregates with superplasticizers and admixtures. The researchers also examined marble powder's suitability as
a sand replacement, as reported by Taha and Nounu (2009). They found no significant differences in compressive strength
but observed improved durability.

Agarwal et al. (2007) explored the grading properties of fine aggregates like sand, categorized as fine, medium, and coarse,
to optimize concrete mixes. Chen et al. (2005) evaluated aggregate characteristics, including shape, and their influence on
concrete properties. The study correlated the angularity and shape factors of aggregates with their mechanical interlocking
capabilities.

Siswosoebrotho et al. (2005) investigated the effects of varying flaky aggregate content on asphalt mixtures, highlighting
changes in optimal asphalt content with increasing flaky aggregate proportions. Kaplan (1958) examined various
aggregate types to determine the influence of shape, texture, permeability, and porosity on workability, concluding that
increased angularity enhances concrete functionality.

These studies collectively emphasize the critical role of aggregate characteristics in determining the performance,
durability, and workability of concrete and other construction materials

Experimental Examinations
A series of laboratory tests were conducted to evaluate the properties of various concrete mixes. Concrete with a target
strength of 20 MPa was prepared using 53-grade Ordinary Portland Cement as the binder. River sand with a fineness
modulus of 2.27 was used as the fine aggregate, and the water-to-cement (w/c) ratio for each mix ranged between 0.45
and 0.55.
In the prepared samples, cement was partially replaced with marble powder, and coarse aggregate was partially replaced
with plastic granules. The details of the prepared concrete mixes are presented in Table 1.

Table 1: Composition of Prepared Concrete Mixes

Mixes Aggregates %
Mix no. with Cement Marble Plastic Plastic
Marble Powder Granule | Normal Fine Granule
powder s s
MIl11 0.95 0.05
Ml MI12 0.9 0.1 0 34 1.62 0
MI13 0.85 0.15
M21 0.95 0.05
M2 M22 0.9 0.1 0.4 3.0 1.62 12
M23 0.85 0.15
M3 M31 0.95 0.5 0.6 2.8 1.62 18
M32 0.9 0.1
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M33 0.85 0.15
M4l 0.95 0.5

M4 M42 0.9 0.1 0.8 2.6 1.62 24
M43 0.85 0.15
M5l 0.95 0.5

M5 M52 0.9 0.1 1 24 1.62 30
M53 0.85 0.15
Mé61 0.95 0.5

M6 Me62 0.9 0.1 1.2 2.2 1.62 36
M63 0.85 0.15
M71 0.95 0.5

M7 M72 0.9 0.1 1.4 2.0 1.62 42
M73 0.85 0.15
Mgl 0.95 0.5

M8 M32 0.9 0.1 1.6 1.8 1.62 48
M3&3 0.85 0.15
M9l 0.95 0.5

M9 M92 0.9 0.1 1.8 1.6 1.62 54
M93 0.85 0.15
M101 0.95 0.5

M10 M102 0.9 0.1 2.0 1.4 1.62 60
M103 0.85 0.15

Table 2 summarizes the experimental results for compressive strength, workability, and split tensile strength of the

produced concrete. The following observations were made:

L.

2.

compressive strength of the concrete.

An increase in the proportion of plastic granules leads to a reduction in both compressive strength and
slump value of the concrete.

For a fixed proportion of plastic granules, a higher percentage of marble powder enhances the

3. Increasing the percentage of marble powder decreases the slump value for a given proportion of plastic
granules.
Table 2- Experimental results
Mixes with | % of | Plastic Split Tensile
S. variation in | Marble Granules / | Compressive Slump in strength in
No. Marble powder in [ Normal strength in MPa mm MPa
powder Cement Aggregate
1 M1l 5 19.1 97 5.1
2 M12 10 0 19.3 95 4.6
3 M13 15 19.8 94 43
4 M21 5 18.6 93 4.59
5 M22 10 12 18.9 91 4.14
6 M23 15 19.4 88 3.87
7 M3l 5 18.4 89 4.13
8 M32 10 18 18.7 87 3.73
9 M33 15 19.3 84 3.48
10 M4l 5 18.1 86 3.72
11 M42 10 24 18.7 83 3.35
12 M43 15 19.1 82 3.13
13 M5l 5 17.9 82 3.35
14 M52 10 30 18.3 80 3.02
15 M53 15 18.6 77 2.82
16 Mé61 5 36 17.6 79 3.01
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17 Meé62 10 18.2 77 2.72
18 Mé63 15 18.5 74 2.54
19 M71 5 17.1 76 2.71
20 M72 10 42 17.8 73 2.44
21 M73 15 18 72 2.29
22 M&1 5 17 73 2.44
23 M82 10 48 17.4 70 2.2

24 M83 15 17.9 67 2.06
25 M9I1 5 16.8 68 2.2

26 M92 10 54 17.4 65 1.98
27 M3 15 17.7 63 1.85
28 M101 5 16.2 64 1.98
29 M102 10 60 16.9 62 1.78
30 M103 15 17.3 60 1.67

To obtain the combined effect of proportions of Plastic Granules and Marble powder following figures 1 to 10 were drawn.
All these figures present the variation of compressive strength and slump height with the change in proportion of Marble
in cement, at a constant percentage of Plastic Granules.

From all the figures it has been observed that with the increase in Marble powder percentage compressive strength
increases when compared to concrete prepared by using ordinary 53 grade of cement and natural aggregates. Slump height
or workability has been decreases by increasing the percentage of Marble powder.

When no Plastic Granules has been added or used to replace normal aggregates, the compressive strength increases
with the increase in percentage of Marble powder and almost equal to the strength obtained by using 100% cement.
However, workability in terms of slump height reduces when proportion of Marble powder increases. Same trend of
variation has been observed in concrete with 12% replacement of normal aggregate with Plastic Granules however, initial
strength obtained is lower than above case. Hence, it may be said that with the increase in Plastic Granules compressive
strength decreases.
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4. Conclusions and Discussion

An experimental study has been performed to evaluate the combined effect of using partially Plastic Granules

and Marble powder over the compressive strength, Split Tensile strength and workability of concrete. Following

are

the observations—

1. It has been observed from that concrete mixtures formed with 0 and 12% replacement of normal
aggregate with Plastic Granules is almost equivalent with the values of 100% normal aggregate.

2. With the increase in percentage of Plastic Granules values of compressive strength, Split Tensile
strength and slump cone reduces.

3. Additional effect of Marble powder variation over the effect of Plastic Granules has been determined
by replacing cement by Marble powder in different proportions such as 5%, 10% and 15% for each variation
of Plastic Granules.

4. Increase in percentage of Marble powder increases the compressive strength and tensile strength for a
Plastic Granules proportion.

5. Increase in percentage of Marble powder reduces the slump value for a Plastic Granules proportion.

6. Hence, it has been observed that replacing normal aggregate with Plastic Granules reduces the
workability of concrete, and after 40% replacement concrete becomes very poor in terms of workability and
strength.
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