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ABSTRACT

Aggregates are the most consumed natural resource in
construction. Increase in the consumption of natural
aggregates results in depletion of natural resources and in turn
affects the environment. In recent years plastic wastes is
increasing constantly. These plastic wastes are discarded or
landfilled which is directly affecting the environment.
Management of plastic waste has become a serious issue over
the world. Depletion in natural resources and enormous
plastic waste generation gives an opportunity to find an
alternative to natural aggregates. In this context, Recycled
Coarse Aggregates (RCA) obtained from waste plastic is one
of the ways of reducing the consumption of natural resources.
In the present study an attempt has been made to utilize waste
plastic as an alternative for coarse aggregate. It consists of
collection of statistics of plastic wastes generated and
studying its composition. Major types of contributors in
plastic waste generation, such as High Density Polyethylene
(HDPE), Low Density Polyethylene (LDPE) and
Polypropylene Ether (PPE) plastic types were considered for
production of alternative coarse aggregates. M-30 concrete
mix made with alternate waste plastic coarse aggregates upto
30% replacement of HDPE, upto 20% replacement of LDPE
and upto 30% replacement of PPE were found to exhibit
30MPa compressive strength.

Key words: Recycled coarse aggregates, Concrete, HDPE,
LDPE, PP

1. INTRODUCTION

The increase in construction activities has drastically
increased demand for natural resources all over the world,
which has gradually decreased the availability of natural
resources and due to a decrease in the availability, cost of
construction materials are increasing day by day. Plastic waste
can be utilized as a useful resource in construction industries.
Utilization of waste in construction industries, plays a vital
role in the preservation of environment and decrease in
utilization of natural resources in the future. Utilization of
waste obtained from plastic in concrete could be one of the
ways of utilizing the plastic waste effectively. Many nations
have started considering this plastic waste as a resource and are
working out on the best ways where plastic waste can be
utilized in construction field effectively. The average plastic
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waste produced in 60 major cities was about 6.92 Kg/MT per
day, i.e. 6.92% of total municipal solid waste as per the survey
conducted by the central union pollution control board.
Consumption of plastic in India is about 13 million tonnes per
year and 9 million tonnes of plastic waste is generated per year,
in that only 60% of the waste produced from plastic is getting
recycled and remaining 40% of plastic waste is disposed of
without environmental considerations. Plastic takes 450 to
1000 years for complete decomposition which is a serious
issue. Utilization of plastic waste in various fields has become
a common application everywhere in the globe. In concrete,
it’s typically used for lower grade applications like usage in
pavements, low-grade concrete, etc. Proper utilization of waste
plays a vital role in making a country developed. Improper
utilization of waste leads to environmental pollution and leads
to a disease-causing environment[1][3].

2. PLASTIC
GENERATION

2.1 Plastic Production

PRODUCTION AND  WASTE

Plastic items have turned into a noteworthy essential piece of
our day by day lives, urging their generation to cross 150
million tons for each year. The packaging is a standout
amongst the most significant uses of plastics and also the
single-biggest division of plastics used and records for 35% of
plastic utilization. More than 30000 authorized plastic
processing units are currently operating in India as shown in
table 1. There are many unauthorized small and medium
ventures operating in plastic processing [3].

Table 1: Plastic Production in India

Snapshot of the Indian Plastics Processing Industry

Estimated size of plastic processing in value (FY15) “INR 1lakh crore
Market sizein volume (FY15) 13.4 MMTPA
Processing Units >30,000
Technical manpower ( as per CIPET) 11 [akh employees

10-12%
11 kg (World: 28kg)

(rowth Rate

Per Capita Plastic Consumption
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From figure 2 the normal per capita utilization of plastic in
India is around 11 kg, which is significantly low when
compared with the worldwide per capita consumption of 28kg

[5]-
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2.2 Plastic Waste Generation

Plastic items have turned into a vital piece of everyone's day
by day life needs. It crosses 150 million tons of production for
each year internationally. In India, roughly 13 million tons of
plastic is created every year.

]
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Figure 1: Per capita plastic consumption
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The fresh municipal solid waste generated in sixty cities was
found to be 50592 MT/ day, which consists of organic waste,
dust, paper, plastic, glass, metal, biomedical waste, cardboard,
rubber, and other wastes. The total amount of municipal waste
generated in Bengaluru city was about 1700 M/day to
2300MT/day, the average plastic waste generated was found
to be 6.9 Kg/ MT i.e., 6.9% of plastics waste generated in total
municipal solid waste [1].

Table 2: MSW composition( Source- CPCB)

Type of Waste % of waste in MSW
Organic 61
Dust 5
Paper 12
Plastic 14
Glass 4
Metal 1
Bio-Medical 1
Rubber 1
Others 1

India produces 25940 tons of plastics waste each day, but
more than 40% of it stays uncollected causing drainage
blockages, soil and water contamination, and outside burning
of plastics affect human wellbeing and environmental
conditions. It is noticed that almost 1/6™ of the plastic waste is
created by 60 urban areas in India, with Delhi, Chennai,
Kolkata, Mumbai, and Bengaluru together producing over
half of the total contribution in India. Composition of plastic
waste in Bengaluru is shown in table 3.
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Table 3: Composition of plastic waste in Bengaluru

152 7254

1.52 0.76 161 84.83

Table 4: Consolidated plastic waste composition in India

TOTAL
SNO CODES DESCRIPTION  PERCENTAGE
OBTAINED

1 P PET 8.66

2 & &  HpPenppE 66.91

3 A PVC 414

4 &y PP 9.9

5 PN PS 417

6 & OTHERS 6.43

By considering the above statistics of plastic waste generation
from Table 4, it is decided to consider three major
contributors of plastic waste types HDPE, LDPE and PPE or
the production of alternative coarse aggregates and its
utilization in concrete.[11]

3. EXPERIMENTAL PROGRAMME

For the production of alternative waste plastic coarse
aggregates mechanical method was adopted. Plastic wastes
were collected and segregated according to different types of
plastics, segregated plastic waste were cleaned and introduced
into washing unit, thereafter plastics were introduced into
burning chamber of 250°C -300°C temperature and output
was further placed into shredding machine as shown in Figure

2. [6][9]

MELTING OF
WASHING OF
WASTE

‘COLLECTION
OF PLASTIC
'WASTE

SEGREGATION

OF PLASTIC PLASTIC

(EXTRUDING]

Figure 2: Plastic aggregate production flowchart

Figure 3, 4 and 5 exhibit HDPE, LDPE and PPE aggregates
that was obtained after processing the respective plastic
wastes. Figure 6 shows the picture of typical natural
aggregates.



Ajey Kumar V G et al., International Journal of Emerging Trends in Engineering Research, 8(8), August 2020, 4118 - 4122

Figure 6: Natural aggregate

Figure 5: LDPE aggregate

The recycled waste plastic coarse aggregates and natural
coarse aggregates were tested as per IS codes. Tests like
specific gravity, water absorption, fineness modulus, bulk
density, % voids, shape tests, strength tests and temperature
test on aggregates were conducted & results are reported in
Table 5 along with the properties of natural aggregates.

Table 5: Aggregate test results

Sl | TEST HDPE LDPE PPE Natural
No. aggregates
1 | Specific 1.04 0.93 0.9 2.5-2.9
Gravity
2 | Water 0.05 0.04 0 <2%
absorption (%)
3 Bulk 540 340 490 1200-1750
Density(kg/m3) kg/m3
(46%) | (63.4%) | (52.2%)
&( % Voids)
4 Fineness 6.82 6.88 6.92 6-6.9
Modulus
5 Flakiness 11.21% 15% 10.21% <30%
Index
6 Elongation 18 40 16.9 <15%
Index
7 | Angularity 13.66 33.01 13.19 0-10
Number
8 Crushing 0 0 0 <30%
Strength
9 Impact Test 24 2.3 0 <20%
10 | Abrasion Test 0 0 0 <40%

3.1 Concrete mix proportioning

Concrete mix design prepared considering with and without
recycled waste plastic coarse aggregates replacing with

volume fraction. Ordinary Portland cement of 53 grade is used
throughout the study. Manufactured sand confirming to zone-
Il is used. The physical properties of M sand are determined as
per IS 2386 (Part Il) - 1963. The mix proportion is prepared
for M30 grade of concrete with the target strength of 38.25
MPa.

Water-cement ratio was fixed to 0.45. Water content was
fixed to 197kg/m? for all the concrete mixes. Natural coarse
aggregates of same grading (grading of recycled waste plastic
aggregates) were used for concrete mixes for better
comparison. The specific gravity of cement is found to be
3.15. Concrete mixes prepared with CM, H1, H2, H3, L1, L2,
L3, P1, P2 and P3 respectively. Mix proportioning is prepared
for M30 grade of concrete by utilizing waste plastic recycled
coarse aggregates by replacing 0%, 10%, 20% and 30% of
natural coarse aggregates in volumetric fraction.[10]

3.2 Workability test (Slump Test)

The workability of various concrete mixes in terms of slump
value is presented graphically in Table 6. The variation in the
slump values of concrete mixes is studied.

Table 6: Workability test results

MIX SLUMP in mm
CM 60
H1 50
H2 45
H3 40
L1 40
L2 30
L3 25
P1 45
P2 45
P3 40

3.3 Hardened properties of concrete

To obtain strength property of different design mix concrete,
compressive strength, tensile strength and flexural strength
tests were conducted and thus obtained strength results for all
the 10 concrete mixes is presented in Figure 7, 8 and 9 as per
IS: 516-1959.

COMPRESSIVE STRENGTH

wow
e

COMPRESSIVE STRENGTH IN MPa
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o

Figure 7: Compressive strength test results
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TENSILE STRENGTH IN MPa
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Figure 8: Tensile strength test results
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Figure 9: Flexural strength test results

3.4 Durability test for waste plastic utilized concrete

The durability of concrete mixes is conducted by exposing
concrete cubes of 100mm at a higher temperature in a muffle
furnace. Concrete cube specimens were subjected to 75°C and
200°C for 60 minutes. Compressive strength of concrete cubes
after temperature exposure was tested [7][8].

Table 7: Durability test results in MPa

TEMPERATURE | CONVENTIONAL | HDPE LDPE | PPE
75°C 45.60 35.11 2431 | 322
200°C 44.74 31.68 28.13 | 27.2

4. RESULT AND DISCUSSIONS

The workability of various concrete mixes is in terms of
slump value. The variation in the slump values of concrete
mixes is studied. However the huge variation in slump values
cannot be seen in the concrete mixes which was produced
utilizing waste plastic. LDPE aggregates used in concrete
mixes showed lesser slump values when compared to other
concrete mixes due to the irregular shape of aggregates
obtained. The decrease in slump values is seen in all concrete
mixes compared to that of conventional concrete mix.
Therefore increase in the % plastic aggregates as a
replacement for natural coarse aggregates resulted in a
decrease in slump value.

Compressive strength reduced as increase in percentage of
plastic aggregate replacement to coarse aggregates. Target
strength of the concrete mixes achieved but LDPE mix with
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30% replacement of coarse aggregates failed to achieve the
target strength.

Replacement of natural coarse aggregates by LDPE and PPE
resulted in a decrease in tensile strength at 10% replacement,
but by replacing 20% of PPE and LDPE, aggregates tensile
strength increased up to 3.20MPa and a further increase in %
replacement resulted in a decrease in tensile strength.

Replacement of coarse aggregates by recycled plastic coarse
aggregates of HDPE, LDPE, and PPE resulted in a decrease in
flexural strength. With increase in % of replacement of waste
plastic coarse aggregates flexural strength decreased in all the
3 types of plastic aggregate mixes.

Compressive strength of concrete cubes after temperature
exposure was tested. At 200°C of temperature concrete
specimens started spalling and cracks were seen on the cubes.
Compressive strength of alternative mixes decreased when
compared to the conventional mix specimen after temperature
exposure.

5. CONCLUSION

In the present study an attempt has been made to utilize waste
plastic as an alternate for coarse aggregates. Major
contributors in plastic waste generation, such as High Density
Polyethylene (HDPE), Low Density Polyethylene (LDPE)
and Polypropylene Ether (PPE) plastic types were considered
for production of alternative coarse aggregates. Recycled
plastic coarse aggregates were produced through a
mechanized process. Characteristic properties of recycled
plastic aggregates were examined. The specific gravity and
water absorption of recycled plastic coarse aggregates was
found to be very low when compared to natural coarse
aggregates. Fineness modulus and bulk density were found to
be within acceptable range. Flakiness index, elongation index
and angularity number were found to be within the codal
specification. Impact value, crushing value and abrasion value
of RPCA is within the acceptable range as per codal
provisions to be used in concretes for both wearing and
non-wearing surfaces. The temperature withstanding capacity
of RPCA is less than 200°C in all the three types of
aggregates. Higher the temperature aggregates started melting
and burnt at 300°C.

The fresh and hardened properties of M-30 concrete mix
made with waste plastic coarse aggregates are determined and
compared with conventional concrete made with natural
aggregates. Workability properties of concrete made with
recycled plastic coarse aggregates decreased with increase in
percentage. However the compressive strength of M-30
concrete mix made with recycled plastic coarse aggregates
(HDPE and PPE) reached the target strength. Tensile and
flexural strengths decreased with increase in plastic
aggregates replacement. Compressive strength of concrete
mix marginally decreased after temperature exposure in a
muffle furnace. Therefore from the present study M-30
concrete mix made with varying percentage of replacement of
RPCA such as 10%, 20%, 30%, 40% and 50% showed
decrease in compressive strength. However, upto 30%
replacement of HDPE, upto 20% replacement of LDPE and
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30% replacement of PPE exhibited 30MPa compressive
strength and hence were found to be suitable.
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