IJEAR Vol. 7, Issue 2, July - December 2017

ISSN : 2348-0033 (Online) ISSN : 2249-4944 (Print)

Use of Plastics in Concrete as Coarse Aggregate
1

Lhakpa Wangmo Thingh Tamang, 2Tshering Wangmo, 3Karma Tshering Darjay,
4
Karma Sangay Phuntsho, 5Phuntsho Namgyal, 6Ugyen Wangchuk
1,2,3,4,5,6

College of Science and Technology, Rinchending, Bhutan

Abstract
Plastic due to its properties such as durability, light weight and
its ability to be moulded into any desired shape has enhanced its
popularity. However, its excessive production has become a serious
threat to the environment and the human health. Disposal of plastic
wastes in the environment degrades land fertility, deteriorates
aesthetic value of a place and threatens human health. Therefore,
this paper discusses on the method of reducing plastic wastes as
well as safeguarding natural aggregates by incorporating it into
concrete. It aims on finding the optimum percentage replacement of
natural coarse aggregate with plastic coarse aggregate, which can
give the same or more strength compared to nominal concrete. This
experiment revealed that 15 % replacement of natural aggregate
with plastic aggregate achieves the maximum strength of concrete
in 28 days compared to other percentage of plastic replacement.
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I. Introduction
With the drastic increase in the population, the use of plastics
have also increased drastically. For years, researchers and
environmentalists are looking for a solution to manage the
plastic wastes disposal. Many ways of reusing plastics for were
implemented, yet those ways were not enough to manage the
amount of plastic wastes being generated. So incorporating plastic
wastes in concrete can be another way to reduce the disposal
problem of plastic wastes. It can not only reduce the waste disposal
problem but also reduce the excessive extraction of natural
aggregates. Excessive extraction of natural aggregates can cause
silting and sedimentation in rivers and can also change river
courses, causes death of aquatic life and expose land to agents of
degradation. Since waste is abundantly available, concrete with
plastic aggregates can be cheaper compared to conventional
concrete.
A. Objectives of the Research
The main objective of this research is to explore the possibility
of using waste plastics in concrete as concrete aggregate and
reduce the problems associated to plastic wastes disposal as well
as the extraction of natural aggregates from the environment.
Other objectives of the research are as follows:
• To obtain optimum percentage of aggregate replacement.
• To study the change in mechanical properties of concrete.
• To study the feasibility of its application based on the
properties obtained.
II. Literature Review
Concrete is the most common building material and its popularity
is due to its excellent characteristics such as durability and high
strength. But use of concrete involves heavy environmental impacts
such as change in animal habitats, high energy consumption and
land degradation [4].
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Concrete with plastic aggregate can be more economical than that
with natural aggregates because of the low cost of wastes. The use
of waste plastics in concrete avoids the need to obtain, produce
or exploit natural aggregates from the environment while it gives
a solution to plastic wastes disposal problem [5].
The PET bottles were shredded and then melted in the oven at a
temperature of 280-3200C. The molten plastic was then collected
and cooled to get a solidified PET. Finally, it was crushed in the
crushing machine and an angular aggregate with smooth surface
was obtained. A volume replacement of 0%, 20%, 40% and 50%
was taken for the experiment [2].
III. Materials Used
The materials used for this experiment are as follows:
1. Cement: Portland Pozzolana Cement (PPC) was used for
this experiment.
2. Fine Aggregate: Natural river sand of zone III was used.
3. Coarse Aggregate: Locally available coarse aggregate of size
20mm downgrade was used according to IS: 383-1970.
4. Plastic Aggregate: The prepared plastic aggregate of size
20mm downgrade.
5. Water: Portable water was used for casting and curing of
the concrete samples.
IV. Methodology
Following steps were followed in sequence to complete this
research.
A. Preparation of Plastic Aggregate
The raw materials such as PET bottles and other plastics were
collected from all the possible sites and then rinsed. Polymers
such as polyethylene (PE), polystyrene (PS), polypropylene (PP),
polyethylene terephthalate (PET) and high density polyethylene
(HDPE) can be easily melted and cooled [2].
Rinsing was done in order to remove any kind of foreign particles
such as grease and dust particles. After the rinsing, the bottles were
dried and then shredded to smaller sizes for the convenience of
melting. Melting was done under the controlled temperature of
150-1800C. Thermal analysis on polymers have melting of PS, PE,
PP below 2000C do not produce any harmful products [3].
The molten plastic is then transferred to a mould and allowed to set
for 24hrs. Finally, the cooled and set plastic product is manually
crushed into aggregates of required size. Plastic aggregate is a
light weight material [3] with specific gravity of 1.295 and water
absorption of 0.46.

Fig. 1: Plastic Aggregate
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II. Concrete Mix Design
After determining the densities of natural aggregates as well as
plastic aggregate, M20 mix was designed and a volumetric mix
proportion of 1:1.72:3.169 was obtained [1]. Water-cement ratio
of 0.45 was adopted for the mix design and deduced amount of
materials required for unit volume of concrete from the mix design
is given in Table 1.

at each curing age is obtained from average of three samples tested
of the compressive, split tensile and flexural strength.
Test results are plotted in a bar graph and shown below after every
test. Y-axis represents strength of concrete in N/mm2 and X-axis
represents sample identity where N stands for nominal concrete,
P stands for plastic replaced concrete and number attached to P
represents percentage of aggregate replacement.

Table 1: Weight of Materials for Unit Volume of Concrete
Sl. No
1
2
3

Material
Cement
Sand
Coarse aggregate

Weight in kg
413.33
662.68
1309.8

B. Casting
Three different samples: beam, cube and cylinder were casted
to do the comparative analysis of flexural strength, compressive
strength and the split tensile strength respectively between the
nominal concrete and the plastic aggregate replaced concrete.
Total of 81 samples with different replacement percentage of
10%, 15% and 20% were casted. Another 27 control samples
were casted for the comparative study of mechanical properties
of conventional concrete and concrete with partial replacement
of natural coarse aggregate with plastic aggregate. The mix
was prepared separately for each mould to ensure the correct
replacement in each sample.

Fig. 3: Compression Test Setup

Standard cube size of 150x150x150 mm, beam of 100x100x500
mm and cylinder of 75 mm diameter and 150 mm height were
casted with volumetric substitution of its natural aggregate.
C. Curing
Samples were de-moulded after 24 hours of casting and cured
for different curing periods of 7, 14 and 28 days using a portable
water from the tap.

Fig. 4: Split Tensile Test Setup

Fig. 2: Curing of the Concrete Samples
V. Testing
The casted samples were subjected to compression test, flexural
test and split tensile test as per IS: 516:1959 [2]. Universal Testing
Machine (UTM) was used for all the test. The strength of concrete
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Fig. 5: Flexural Test Setup
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VI. Results and Discussions

B. Split Tensile Strength

A. Compressive Strength

Fig. 6: Compressive Strength at 7 Days

Fig. 7: Compressive Strength at 14 days

Fig. 8: Compressive Strength at 28 days
From the obtained values of compressive strength, no significant
variation is observed between the strength of nominal concrete
and the PCA replaced concrete. Concrete with 20% replacement
gave the highest compressive strength at 28 days with only 2%
lower value than that of nominal concrete.
w w w. i j e a r. o r g

Fig. 9: Split Tensile Strength at 7 Days

Fig. 10: Split Tensile Strength at 14 days

Fig. 11: Split Tensile Strength at 28 days
Split tensile strength of plastic replaced concrete was lower than
that of nominal concrete for all percentage replacement at all
curing age. Split tensile strength for concrete with 15% percentage
replacement showed highest value and it increased at every curing
age. However, it is still 30% less than the strength of nominal
concrete at 28 days.
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Fig. 12: Flexural Strength at 7 days

Fig. 13: Flexural Strength at 14 days

At 20% replacement of natural coarse aggregate with plastic
aggregate, a comparable compressive strength is achieved
when compared to the conventional concrete.
From the result, it can be concluded that there is a decrease in
strength of concrete as the replacement percentage of natural
coarse aggregate with plastic aggregate increases.
For a unit volume of concrete, 85.4 kg of plastic wastes can
be used for optimum percentage replacement of 15% which
is a substantial reduction of plastic wastes.
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Fig. 14: Flexural Strength at 28 days
For the curing age of 7 and 14 days, flexural strength of concrete
beam with 15% replacement was higher than the nominal concrete.
It exceeded by 4.4% and 8.03% for curing age of 7 and 14 days
respectively. However, at 28 days flexural strength of 15%
replacement was observed to be 2.99% less than that of nominal
concrete.
VII. Conclusion
The following conclusions are drawn from this experiment:
• According to the results obtained from this experiment 15%
replacement can be concluded as the optimum replacement
percentage to achieve the maximum tensile and flexural
strength of a plastic aggregate concrete.
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