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Abstract

Plastics are widely utilised materials that play an important part in everyday life. The use of this non-
biodegradable commaodity is fast expanding, as is the accumulation of plastic garbage. Due to the paucity of
landfills, disposing of waste plastic is a severe challenge in the current circumstances. Poor disposal
procedures have made them a major source of environmental and natural disasters. The goal of this study is
to determine the viability of employing recycled High Density Polyethylene (HDPE) and recycled Poly-
Ethylene Terephthalate (PET) as bitumen modifiers to improve the properties of the resulting binder for use
in Bituminous Concrete (BC) mix building. The modified mix was made by replacing part of the bitumen
binder with varied quantities of HDPE (4%, 6%, respectively) and PET (6 percent , 8 percent ). The dry
technique, i.e. plastic coating of aggregates, was used to combine HDPE and PET. The Marshall Stability of
HDPE and PET modified bituminous concrete is significantly increased, up to 52 percent. The addition of
HDPE and PET in the mix has a brilliant good influence on the qualities of BC mix, and it can increase the
re-use of plastic waste, according to test results.

Keywords: Bituminous concrete, High Density Polyethylene, Poly-Ethylene Terephthalate, Marshall

Stability.
Introduction

Plastic trash is a widespread issue around the world. Many of those countries are dealing with the same
issues that our own country, India, is dealing with. Plastic is a fairly prevalent material utilised in numerous
things in India, and as a result, it generates a large amount of garbage among us. After use, the majority of
plastic materials become garbage. Plastic garbage accounts for roughly 6.3 million tonnes of waste in India
each year. Delhi is the first to generate plastic waste, producing 700 TPD of plastic waste. According to a
study, the average generation of garbage as plastic material accounts for 6.9% of total municipal solid waste
in our country. There is a great deal of variety in the generation of plastic debris in different cities across
India. It accounts for roughly 10% and 6% of total municipal solid trash in Delhi and Mumbai, respectively.
Plastic plays a significant role in everyday life, and it is difficult to imagine the world without it. Because of
its slow decomposition rate, plastic can be regarded a non biodegradable substance, and hence waste plastic
collection is a prevalent concern around the world. It could be reduced by properly managing solid waste
management. Plastic containers, bags, bottles, spoons, and a variety of other plastic product packaging
materials are used in everyday life. The numerous polymers indicated by (Al-Hadidy et al., 2009) are
formed from plastic and so can be used to reduce the impact of waste generation by reusing in diverse fields
such as pavement and concrete design.

According to certain research, adding polymers to bituminous mixtures is one of the most effective ways to
improve the quality of paving roads. Wet and dry processes for adding polymer to bituminous mixtures are
the most common (Costa et al., 2013) [2]. Polymer is mixed with bitumen in the wet process, and aggregates
are coated with polymer before bitumen is added in the dry process. In this case, though, aggregate coating
was applied.
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The advantages of using polymers in road paving were discovered in the study. The author has described the
several sorts of processing that it goes through to become a polymer (Costa et al., 2013). In the wet method,
bitumen is employed as a polymer mixer, whereas in the dry process, aggregate is coated before bitumen is
mixed. The goal of this research is to learn more about the benefits of employing polymers like PET and
HDPE. These Bitumen mix substitutes improve a variety of pavement qualities.

Materials and Methods

Roads that have been surfaced with an asphalt blend are known as flexible roads. A 95 percent fine and
coarse aggregate blend is employed, along with a little amount of filler and binder. Aggregates of various
sizes according to MORTH, bitumen, stone dust as a filler, and human hair as an addition are utilised in this
project. The following is a list of the materials that were used:

e Aggregates (Fine and Coarse)

e Filler (Fine sand)
e Binder (Bitumen)
e HDPE

e PET

Marshall Stability Test will be done using human hair as an additive. Marshall Test has following
properties:

% Stability

% Flow Value

¢ Percentage of volume of voids

% Unit weight

%+ Percentages of volume filled with bitumen

And finally optimum bitumen content will be observed against controlled concrete mix.
Specimen preparations

1200 gm of aggregates and fillers were used to pack Marshall samples. As stated in the preceding sections,
the current investigation used two trial gradations. In the first trial, 5 bitumen contents were achieved to
generate the various blends, ranging from 3 to 4 percent with-a 0.5 rise. Because the results of the first
experiment were unsatisfactory, grading of trial 2 was implemented. Throughout trial two, specimens were
collected with binding material quality ranging from "4.5 to 6.5 percent."

For sample preparation, aggregates were heated to a temperature of 190 degrees Celsius. The bitumen was
heated to a temperature of 125 degrees Celsius. The warmed aggregates and binding agent were completely
combined at a temperature of around 155 °C. The mixture was placed to a pre-heated mould and
compressed using a 4.5 kg weight rammer, which delivered 75 blows from a height of 457 mm to each side
of the sample, resulting in a compacted thickness of 63.5 mm. For each substance in the trial's binder, three
comparisons were created. The produced samples were cooled to room temperature and installed into the
Marshall test machine, where they were submerged in water - bath C for 30 to 40 minutes before being
analysed. The Marshall evaluation will primarily focus on samples with a diameter of 101.6 mm and a
thickness of 63.5 mm. The thickness of each sample was measured, and the Marshall Stability results were
corrected by applying correction factors for samples thicker than 63.5 mm.

Results and Discussion

MORTH and IRC standards have specified the Marshall Stability Test (MST) and mix design procedure for
testing compacted specimens of bituminous mixes in India. MMD is used to design BC mix in experimental
work with modified bituminous concrete. Combination aggregates and VG30 grade bitumen were used to
create the mix. The modified mix was created by partially replacing the bitumen binder with varying
quantities of HDPE (4%) and PET (6%). (6 percent, 8 percent ).

It is possible to acquire the OBC and other Marshall features of the control mix. Following the calculation
of OBC, partial binder replacement was carried out using several compositions as described in the preceding
chapter (binary mix and tertiary mix) to determine the best proportion of binder replacement.

IJCRT2201243 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | c104


http://www.ijcrt.org/

www.ijcrt.org © 2022 IJCRT | Volume 10, Issue 1 January 2022 | ISSN: 2320-2882

The MST was carried out on each of the BC mix specimens. For each specimen, the values of Marshall
parameters are calculated, and the average of these specimens with various bitumen contents is presented.
The next Marshall graphs show different levels of bitumen content.

I.  Stability Curve

Il.  Flow value Curve

I1l.  Percentage air voids (Vv) Curve

IV.  Voids filled with bitumen (VFB) Curve

V.  Voids in mineral aggregates (VMA) Curve
VI.  Bulk specific gravity or density (Gm)
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Graph 4.2: Bulk Density vs % asphalt
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Graph 4.6: Air voids vs asphalt %
The obtained optimum bitumen content from Marshall Graph is calculated as,
Binder content corresponding to max stability = 5.5 %
Binder content corresponding to max density = 5.5%
Binder content corresponding to 4% air voids = 5.45%
Optimum bitumen content = (5.5 + 5.5 + 5.45)/3 = 5.483 (rounded to 5.5%).
Conclusions
This experimental analysis work studies the practicability of using PET and HDPE to prepare bituminous
mix for surface course as a choice to minimize adverse effect on environment caused due to plastic waste
and their disposal. Based on laboratory test results on plastic coated aggregates, conventional bituminous

concrete mix, modified BC mix, the following conclusions summarized below:
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The test results shows impressive improvements in standard properties of plastic coated aggregates
than plain aggregates such as impact and crushing value get decreased.

The OBC was obtained 5.5% by weight of mix and 4%HDPE and 8% PET by weight of OBC was
found as optimum replaceable bitumen content for modification of BC mix.

Marshall Result shows that by using 4%HDPE and 8%PET modified bituminous concrete specimen
have highest stability value compared to conventional BC specimen. Stability value raised by 62%.
The trend of stability value shows that stability value increases with plastic content up to 12% and
thereafter decreases. Therefore use of higher percentage plastic waste for modification not

preferred.
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