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Abstract

The production and use of plastic bottles is increasing tremendously with passing time. These plastic bottles become a
problem when they are disposed as they are non-biodegradable. This means that the waste plastic, when dumped, does not
decompose naturally and stays in the environment affecting the ecological system. The use of alternative aggregates like
Plastic Coarse Aggregate (PCA) is a natural step in solving part of reduction of natural aggregates as well as to solve the
issue discussed above. The researchers are trying from half a century to investigate the alternative materials to be replaced
in concrete mixture in place of either aggregate or cement. In this research, the concrete made from plastic waste as coarse
aggregates were investigated for compressive strength and Stress-strain relationship. Plastic coarse aggregate have been
replaced in place of natural coarse aggregate by different percentages with w/c 0.5, 0.4 and 0.3. The percentage replacement
of plastic aggregate in place of mineral coarse aggregate was 25%, 30%, 35% and 40 %. Using Super-plasticizer Chemrite
520-BAS. OPC-53 grade cement was used. Total of forty five Cylinders were prepared based on different combination of
Percentage of Plastic aggregate replaced and W/C as discussed above and checked for compressive strength and stress-
strain relationship. The compressive strength increases by about 19.25% due to the decrease in W/C from 0.5 to 0.3 for
plastic percentage addition of 40%.
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1. Introduction

There is no doubt that plastic is a wonderful invention, if you look around you will find everything or has some
amount of plastic or made entirely of plastic. Plastic is used everywhere, from simple things like kitchen utensils toys,
to the most complex machines and computers. Therefore, it is clear that plastics are the important part of our life. The
best advantage of plastic is that it can be molded into any desired shape easily. On the other hand, metal requires a lot
of efforts. Plastic offers such a good sturdiness and durability compare to other materials [1].

Compare to other materials like metals and wood, Plastic is a cheap material. The reason behind is that the melting
point of plastic is less than the metal products (The melting point of cast iron is 1204 °C), can be molded into any desired
shape easily [2]. Plastic is also chemically resistant, means it does not react with chemical easily making it suitable for
preserving medical items and food [3]. Plastics used in construction and building and are durable materials. Use of
plastics can be seen in plastic pipes and window frames [4].

In the last 20 years, a lot of efforts have been made to effectively used waste products on the effective use of waste
material such as plastic. By recycling method, these wastes are converted into plastic aggregates after collecting from
disposal area. Coarse aggregate is then replaced by these recycled plastic in concrete up to a specific percentage.
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Plastic aggregate is having a very low density as compared to minerals aggregate that is why if we replace mineral
aggregate with plastic aggregate up to some extent then the resulting product will be lightweight concrete. Consuming
waste plastic in concrete up to some percentage make the structures light weight as well as eco-friendly, and can be
fruitful in the construction and design of skyscrapers. The main advantage of plastic aggregate over other light weight
aggregate is that other light weight aggregates and their preparation processes are too expensive than the plastic
aggregate and that’s the reason that the researchers are more attracted toward the plastic aggregate than other light weight
aggregate. And nowadays technology is so progressive and to achieve strength, durability and resistance to impact, the
building materials will be gradually combined with recycled plastic products [5].

Marzouk et al. substitute the fine particles of concrete mix with the PET bottles waste up to some extent and determine
the effects produced from this replacement on the hardened concrete in the form of compressive strength and density.
They concluded from their research that both the density and strength is decreases by replacing coarse aggregate with
PET aggregate more than 50% by volume of fine aggregate [6].

Frigione prepared concrete mix having PET with a W/C of 0.45 and determine the strength in compression and stress-
strain curve by comparing with the reference concert mix. The strain value that correspond to maximum value of stress
for concrete having PET aggregate was 0.0018 with elastic modulus of 48.1 GPa, while for the reference material the
said value were 0.0020 and 41.8 GPa respectively [7].

To evaluate the concrete mechanical properties, Marthong used PET fibers; his research was to investigate the
concrete mechanical properties by using fibers with different dimensions and geometries. Replacing 20% of coarse
aggregate by plastic aggregate can be incorporated in concrete mixture deprived of any long-term negative effects and
with allowable strength development properties. Results from his research showed that by increasing the plastic
aggregate more than 20% the strength noticeably decreased and the workability of concrete was effected to a very small
extent [8]. Another research work were carried out in 2007 to evaluate the properties of concrete having plastic
aggregate. Fine aggregate was replaced with plastic waste for different percentages of 0%, 10%, 15% and 20%. Total
of 70 cubes were prepared for compressive strength. The conclusion of these tests stated that by increasing waste plastic
in concrete decreases the compressive strength as compare to reference concrete at all curing ages [9]

Pramod et al. partially replaced natural coarse aggregate with industrial plastic wastes from polypropylene (PP) and
polyethylene terephthalate (PET). Concrete mixture was prepared with 10%, 20%, 30%, 40% and 50% replacement of
plastic aggregate. By conducting tests on the material like normal aggregate, cement and sand and concluded that all the
results were in the permitted limit as per codes. By replacing 20% of natural coarse aggregate in the concrete mix with
plastic aggregate showed that the strength and other properties were in the permissible limit. According to IS codes the
concrete mix having fractional replacement of natural coarse aggregate demonstrate that only 10% it could be satisfy.
After 20% replacement of natural coarse aggregates with plastic aggregate in a concrete mix, density of concrete is
reduced [10]. Araghi et al. in 2015 stated that the concrete mix having partial PET particles with natural coarse aggregate,
shows excellent resistance to the attack of sulfuric acid in sewer pipes and industrial structures [11]. Raju Sharma and
Prem Pal Bansal in 2016 determined that the concrete compressive strength decreases by replacing coarse aggregate
with plastic aggregate. However, the performance of the concrete having plastic aggregate can improved with the help
of suitable mineral admixtures and chemically treated plastic waste like alkaline bleach treatment [12].

Colangelo et al. in 2016 demonstrated that the strength in compression and density of lightweight concrete mixture
decreases by increasing plastic aggregates. The decrease in the density of lightweight concrete shows that plastic
aggregates are much lighter as compare to natural coarse aggregate [13]. In 2016, another research study reveals that
due to the partially replaced recycled plastic aggregate with natural coarse aggregate, the concrete compressive strength
was reduced between 40 and 53% as compared to the traditional coarse aggregate concrete [14].

Modern concretes usually have additives, either in the chemical form or mineral form. For the improving the
workability of concrete mixture plasticizers and superplasticizers are added. Unless the mixture is "starved" of water,
by increasing the water amount in the batch, the strength of resulting concrete mix decreases because the strength is
inversely proportional to W/C. Less water should be added (except "starving" the mixture) to produce stronger concrete,
which makes the batch harsh and less workable, demanding the use of superplasticizers, dispersants or water reducers.

It is advisable to add 1-2% plasticizer by weight of cement is frequently enough. Unwanted segregation of concrete
mix will occur by the addition of excessive amount of plasticizer, which is not desirable. Sometimes it might results in
retarding effects by the addition of excessive amount of plasticizer but the amount of plasticizer to be used depends on
the specific chemical [15].

Therefore, the above reasons endorses the requirement of a study to promote the use of plastic coarse aggregate in
high percentages. For which, this research has been planned to explore the compressive strength and stress strain
relationship of concrete having higher percentages of plastic aggregate.
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2. Materials and Methods

Concrete properties are greatly affected by gradation, surface texture and shape of the aggregates. More shear strength
is provided by angular and rough-textured aggregates as compared to rounded shaped aggregates having smooth-texture.
According to the standards and specifications of ASTM and BS for material characterization, mandatory tests were
performed on utilized aggregates and all the results were within the specified limit. Figure 1 and 2 present gradation
curve of coarse and fine aggregate respectively.
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Figure 2. Gradation curve of fine aggregate

Chemrite 520 BA-S as superplasticizer for W/C reduction. From Slum tests, we have defined the percentages of super
plasticizer required for each type of concrete mix. Performing three trials for each type of concrete mix the required
workability was obtained by adding superplasticizer of 0.75%, 1% and 2.5% for W/C of 0.5, 0.4 and 0.3 by weight of
cement respectively as the recommended range for super plasticizer used (Chemrite 520 BA-S) is 0.6-3% by weight of
cement. Mix Design for concrete specimen is given below in Table 1.

Table 1. Mix Design of Concrete

Ratios Cement : Fine Aggregate : Coarse Aggregate : Plastic Aggregate
W/C =0.5 W/C=0.4 W/C=0.3
0% 1:2.08:3.20:0.00 1:1.50:2.56:0.00 1:0.92:1.92:0.00
25% 1:2.08:2.40:0.42 1:1.50:1.92:0.34 1:0.92:1.44:0.25
30 % 1:2.08:2.24:0.51 1:1.50:1.79:0.41 1:0.92:1.34:0.31
35% 1:2.08:2.08:0.59 1:1.50:1.66:0.47 1:0.92:1.25:0.36
40 % 1:2.08:1.92:0.68 1:1.50:1.53:0.54 1:0.92:1.15:0.41
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For each of the concrete mix based on w/c of 0.3, 0.4, and 0.5 and plastic percentage of 0%, 25%, 30%, 35%, and
40% three concrete cylinders were caste of size 300 mm depth and 150 mm diameter. Thus a total of 45 concrete
cylinders were casted and tested after 28 days under compression as per ASTM standard C470/C470M-15 are given in
Figure 3 and 4 and Table 2 present the compression test results with comparison in Figure 5. The crack patterns of
concrete cylinders having plastic aggregates and normal coarse aggregates are shown in Figure 6 and 7 respectively.
And stress strain curves are shown in Figure 8 to 10.

Figure 3. Curing of concrete cylinders for 28 days Figure 4. Testing of concrete cylinders for compression Test

Table 2. Compression Tests Result

W/C =05 Ww/C=0.4 W/C =03

Percentage  Average Strength  Percent Reduction ~ Average Strength  Percent Reduction  Average Strength ~ Percent Reduction

of Plastic (Psi) in Strength (Psi) in Strength (Psi) in Strength
0 3935 0 5047 0 6713 0
25 2919 26 3431 32 3675 45
30 2797 29 3137 38 3556 47
35 2638 33 2997 41 3038 55
40 2467 37 2877 43 2942 56
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Figure 5. Compression Test result for different parentages with variable water cement ratios
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Figure 6. Cracks pattern of plastic aggregate Figure 7. Cracks pattern of normal aggregate

It is clear from the above two figures that the samples having plastic coarse aggregates show less and minor cracks
as compared to natural coarse aggregates because these plastic aggregates provide better resistance to the propagation
of micro cracks within the matrix.
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Figure 8. Stress Strain Curves for W/C 0.5 and Variable Plastic Percentages
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Figure 9. Stress Strain Curves for W/C 0.4 and Variable Plastic Percentages
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Figure 10. Stress Strain Curves for W/C 0.3 and Variable Plastic Percentages
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3. Conclusions
Conclusions of this research work are given below.

e Concrete mix preparation with plastic waste in the form of plastic aggregates in place of local material can be
conducted in the same fashion as that of traditional concrete.

¢ Reduced slump values of plastic aggregate in concrete mixtures indicates that it can be used in circumstances that
require low workability.

e Weight reduction of 25-30% is possible through replacement of 40% plastic aggregate.

e Up to 40% replacement of plastic aggregate is possible through reduction of W/C of 0.3 with the addition of
higher possible percentage of Superplasticizer.

e The compressive strength decreases with increasing plastic aggregate from 0% to 40% for all the W/C of 0.5, 0.4
and 0.3. The main reason of the decreased compression strength is the weak bond between the cement paste and
the plastic aggregate and as a result, it disturb the internal arrangement of the concrete. This behaviour is important
when some ductility of the material is necessary.

o Further, the compressive strength increases by about 19.25% due to the decrease in W/C from 0.5 to 0.3 for plastic
percentage addition of 40%, this reduction of W/C is carried out by increasing percentage of superplasticizer from
0.75% by weight of cement for W/C of 0.5 to 2.5% by weight of cement for W/C of 0.3.
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