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Abstract: In recent days, there is an intense need for an 

alternate cost effective and sustainable raw material for concrete 
which does not make the structure inferior in strength. An 
experimental study on the utilization of the waste plastic and 
M-sand in the place of river sand and aggregate partially was 
performed in paper. In the scenario of scarcity of river sand due to 
the territorial government action and restriction of usage because 
of the eco and environmental consideration, M-Sand is found to 
be an effective replacement and cost effective material. Concrete 
specimens were casted with combination of M-sand and plastic 
waste with 5%, 10%, 15%, 20% and 25% and compared against 
control mix. Cube test for compressive strength study, cylinder test 
for split tensile strength study and prism test for flexural strength 
study were done with the proposed concert mixture. All the 
specimens and tests were done for different curing period of 7, 14 
and 28 days. The results obtained from the proposed mix of 
concrete are compared with the conventional concrete mix 
specimen respectively. The replacement of fine aggregates reduces 
the quantity of river sand to be used in concrete and also plastic 
fibres are proved to be more economical. Positive performance of 
the concrete with waste plastic and M-Sand as partial replacement 
of river sand was observed on all the experiments and found 
optimal in sustainable and economical performance. 

 
Keywords : Plastic wastes, M-Sand, Sustainable concrete, 

mechanical properties. 

I. INTRODUCTION 

Due to over dredging of sand nowadays lot of restrictions 

and alarms are arising on sand extraction across the nation. 
To avoid this, M-sand which is manufactured by crushing 
granite and is used in place of fine aggregate widely. It was 
estimated by the ‘Indian Central Pollution Control Board’ 
that on an average of 1500 million kilograms of plastics are 
being dumped waste every day in our country. This has 
become a major reason for land pollution.  
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Researchers have started thinking to utilize these waste 
plastics for many other purposes. This project aims to study 
performance of recycled plastic in the concrete as an alternate 
for fine aggregate. This also serves an effective measure for 
reducing the plastic wastes dumping in the ground. Industrial 
wastes and by-products if utilized properly it can be 
converted into valuable resources by suitable treatments. 
Plastic wastes are one among the industrial waste whose 
disposal has harmful effects on the environment since they 
have a very longer period of biodegradation. Though many 
industrial waste materials can be effectively utilized in 
concrete, either as cementations material or as fine or coarse 
aggregates, there are several qualities need for being a 
replacement which all waste material does not satisfy.  In the 
recent trend, study on substitute for the natural aggregate in 
order to preserve the environmental aspects is predominant. 
In consideration of the sustainable and environmental 
aspects, the plastic waste usage is found to be much effective 
which performs optimal in the mechanical strength 
properties. If plastics are used as aggregates, it will provide a 
solution for the environmental issues encountered during the 
quarrying of natural aggregates. 

From the literatures it was found that plastic is also being 
acting as a light weight aggregate. Mariaenrica (2010) in her 
experimentation on the mechanical properties like 
compressive, split tensile and flexural strength, and other 
fresh concrete property of the concrete with recycled PET 
bottle plastic, it was observed that the material proposed was 
performing superior. Semiha et al (2011) has studied the 
performance of concrete added with PET aggregate in 
addition to the fly-ash and GGBS to make the concrete lighter 
and has verified usage of plastics in concrete. 

II. OBJECTIVES OF THE STUDY 

The objectives of this experimental study are  
• To compare the strength of concrete specimen made by 

conventional method with that of specimens made by 
replacing sand partially with plastic wastes to 5%,15%, 
20% and 25%. 

• To use plastic wastes as a partial substitute material for 
fine aggregate thereby reducing the environmental 
pollution as well as providing an economic value for the 
waste material. 

• To test the strength of the proposed concrete mix on 
compression, split tension, and flexure to conclude on 
the optimum percentage of replacement. 
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III. MATERIALS AND METHOD 

For the experimental investigation OPC (53-Grade) 
confirming to IS: 8112 for binder, M-sand passing through 
4.75mm sieve for fine aggregate and 20mm diameter 
aggregate for coarse aggregates were used. Plastic wastes are 
used in form of fine aggregate which are lower than 4.75mm 
grounded and pulverized in to granules. Potable water was 
used for mixing. M30 mix design was adopted as per codal 
specifications. 

Table I. Properties of M-Sand used for study 

Description Value 

Specific gravity 2.98 

Water absorption % 6.0 

Fineness modulus 3.1 

Surface texture(Physical) Smooth 

Bulk Density 1655 Kg/m3 

 
The density of the waste plastic selected was observed as 

473 kg/m3. Sieve analyses was carried out and it was 
observed that around 70% of the plastics lies in the prescribed 
range of 1mm to 1.7mm. Since the density of plastics are too 
low, volumetric proportioning was adopted. Specimens were 
cast with 10%, 15%, 20% and 25% replacement of M-sand 
with plastics. Super plasticiser Conplast SP430 was added to 
while mixing to improve workability of concrete. The slump 
values with varying proportions of plastic as aggregate are as 
shown in Fig.1. The dry densities of concrete are also 
calculated before testing for compression, tension and 
flexure. 

 

 
Fig. 1 Workability values for varying percentage 

replacement 
 

Modulus of elasticity was also determined by placing the 
cast cylindrical specimens in compressometer. Specimens 
have to be kept carefully based on the standard test 
specification. Specimens were loaded and reading is noted in 
the deflectometer. 

IV. RESULTS AND DISCUSSION 

A. Compressive Strength 
Workability of concrete decreased with increased 

percentage of plastics as aggregates. The test result above 
shows the different strength achieved by the concrete 

specimens at various ages from the day of curing.  For the 
different percentages of replacement, the compressive 
strength at 7th, 14th and 28th days of curing exhibited increase 
in the concrete compressive strength till 20% of replacement 
beyond which the compressive strength of concrete starts 
gradually decreasing. 

The compressive strength has increased from 25% to 
60% when the curing time of the specimens are increased 
from 7 days to 14 days and 28 days. For the replacement of 
plastic up to 20% in place of the M-Sand does not any impact 
on the concrete compressive strength and the strength at 
various curing are observed to be reduced not less than 5% of 
the control specimen. It can be also expressed that the 
compressive strength of the specimen does not had any 
notable decrement when the plastic replacement of M-Sand is 
done from 5% to 20%. Thus it is possible to utilize the plastic 
more effectively and develop a sustainable concrete.  Fig. 2 
shows the plot between compressive strength and various 
percentage of plastic replacement and various curing period. 

 
 

 
Fig. 2 Compressive Strength of specimen 

 
B. Split Tensile Strength 

The split tensile strength has reduced from 2.25 N/mm2 to 
1.7 N/mm2 (7 days) for the specimens with 20% plastic 
replacement, which is about 22% lower than the control 
specimen. This slope of reduction in tensile strength capacity 
is similar for all the specimens in different curing duration. 
Even though it is disadvantageous while observing the 
reduction of the split tension capacity of the concrete when 
replaced with plastics, this can be considered positively in the 
perspective of sustainability, where the 20% of waste plastic 
is disposed without environmental impact by sacrificing the 
22% of concrete’s tensile strength.  Fig. 3 displays the trend 
of variation of split tensile strength of concrete for various 
percentage of plastic replacement and various curing period. 

 

Fig. 3 Split Tensile of Specimens 
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C. Flexural Strength 
Flexural strength at 14th and 28th days of curing exhibited that 
the increase of the concrete flectural strength till 20% of 
replacement beyond which it starts gradually decreasing. In 
the course of effective disposal of plastics and development 
of a much effective sustainable concrete, the flexural strength 
of the concrete has decreased from 3.55 N/mm2 to 2.95 
N/mm2 (7 days curing) for 0% and 20% of plastic 
replacement respectively. This reduction of the tensile 
strength by 17% for the replacement of plastic is found 
similar for all the curing period. Fig.4 shows the variation of 
the flexural strength of the concrete for various plastic 
replacement percentage and for various curing period. 
 

 
Fig. 4 Flexural Strength of Specimens 

V. CONCLUSIONS 

In the course of experimental study of performance of 
concrete with waste plastics and M-sand as replacement for 
fine aggregate, following conclusions were drawn. 
 The utilization of plastic waste as the partial replacement 

conserves the natural resources and gives heavy impact in 
the sustainable aspect with zero embodied energy-sand 
usage induces the reduction of river sand usage which 
will save many environmental aspects. 

 The various percentage of plastic waste and M-sand 
replacement (10%, 15%, 20%& 25% of partial 
replacement) on the aggregates of concrete does not had 
an adverse effect on the mechanical properties. Event 
thought there observed an slight decrement in the strength 
characteristics in focus of the sustainability and 
environmental aspects, a fussy analysis represents that the 
output is positive. 

  In terms of compressive strength the reduction of values 
from 33 N/mm2 to 30.5 N/mm2 is observed, that is only 
about 10 % decrement, which helps to dispose the waste 
plastic up to 20% by weight. 

 20% of the plastic wastes used as the fine aggregate gives 
the best strength comparing with other replacement 
proportions in all compressive, flexural and split tensile 
strength. Hence the fine aggregate can be replaced up to 
20% with the plastic wastes in the concrete to get the 
optimum strength. 

• Sustainable, eco-friendly and cost effective concrete 
could be obtained out from the partial replacement of waste 
plastic and M-Sand in place of river sand. 
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