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Abstract: Plastics are non-biodegradable materials and means to degrade our environment. The waste plastic and its disposal are
a major threat to the environment, which results in pollution and global warming. The utilization of plastic waste in bituminous
mixes enhances its properties and also its strength. In addition, it will also be a solution to plastic disposal & various defects in
pavement i.e., pot holes, corrugation, ruts, etc. the waste plastic used are poly-ethylene, poly-styrene, poly-propylene. There are
two processes available for the mixing of plastic in bituminous mix such as wet process and dry process. The waste plastic is
shredded & coated over aggregate & mixed with hot bitumen and resulted mix is used for pavement construction is known as the
dry process. But in wet process waste plastic is ground and made into shredded form; various percentage of plastic is mixed with
the bitumen and study the durability of the roads laid out with shredded plastic waste is much more compared with roads with
asphalt with the ordinary mix which is the objective of the present study. The use of the innovative technology not only
strengthened the road construction but also increased the road life as well as will help to improve the environment and also
creating a source of income. It’s economical and eco-friendly. In this project, we have discussed about the bitumen with plastic
properties to be considered in design of pavement, pavement design, and process of construction flexible pavement.
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L. INTRODUCTION
Plastics are non-biodegradable materials. The waste plastic and its disposal are a major threat to the environment, which results in
pollution and global warming. The utilization of plastic waste in bituminous mixes enhances its properties and also its strength. In
addition, it will also be a solution to plastic disposal & various defects in pavement i.e., pot holes, corrugation, ruts, etc. the waste
plastic used are poly-ethylene, poly-styrene, poly-propylene.

(Fig.1:Single used plastic)

There are two processes available for the mixing of plastic in the bituminous mix as the wet process and the dry process. The waste
plastic is shredded & coated over aggregate & mixed with hot bitumen and the resulted mix is used for pavement construction is
known as the dry process. But in wet process waste plastic is ground and made into shredded form. The use of the innovative
technology not only strengthened the road construction but also increased the road life as well as will help to improve the
environment and also creating a source of income. It’s economical and eco-friendly. In this project, we have discussed about the
bitumen with plastic properties to be considered in design of pavement, pavement design, and process of construction flexible
pavement.
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(Chart.1-Yearly increasing of waste plastic)
1. MATERIALS REQUIRED

This chapter describes the methodology and materials used to achieve the objectives. The main materials characterized in the
present study are bitumen, plastic, and aggregate; the experimental methodology followed for the characterization of these materials
is discussed.

1) Bitumen: Bituminous materials used in highway construction are broadly classified into bitumen and tar. bitumen is a material
obtained by fractional distillation of crude petroleum as an end product.it is a non-crystalline solid or viscous material having
adhesive properties, which keeps the materials in the road mix bound together under strong bonds. Bituminous materials were
used for the construction of roads, preserving timber, and waterproofing stone walls. Nowadays, they are extensively used for
the surfacing of road and airport pavements. The main purpose of bitumen in flexible pavements is to strongly bind and hold the
other pavement components together and provide a smooth and levelled surface for the moving vehicles.

2) Waste Plastic: Plastics are usually classified by their chemical structure of the polymer's backbone and side chains. There are
two types of plastics: thermoplastics and thermosetting polymers. Thermoplastics are the plastics that do not undergo chemical
change in their composition when heated and can be moulded again and again. The properties of plastics are defined chiefly by
the organic chemistry of the polymer. such as hardness, density, and resistance to heat, organic solvents, oxidation, and ionizing
radiation. Improving environmental sustainability, roads made with Plastics are found more durable and cost-effective. Plastic
roads mainly use plastic carry bags, disposable cups, and bottles that are collected from garbage dumps as an essential
ingredient of the construction material.

3) Aggregate: The commonly used aggregates i.e., sand, gravel, and crushed rocks such as granite, basalt, quartz, sandstone, and
limestone. These aggregates whose particles are larger than 4.75 mm are termed coarse aggregate The aggregate gives volume,
stability, resistance to wear or erosion, and other desired physical properties to the finished product. Aggregates form the major
portion of pavement structure and they form the prime materials used in pavement construction.

1. TEST

A. Test on Aggregate

The following testes ware carried out for coarse aggregate,

1) Crushing Test: The crushing value test of aggregate provides the resistance of an aggregate sample to crushing under gradually
applied compressive load.

2) Impact Test: The aggregate impact test is carried out to evaluate the resistance to the impact of aggregates. The property of a
material to resist impact is known as toughness.

3) Los Angle Abrasion: Los Angeles abrasion test is a preferred one for carrying out the hardness property of aggregate and has
been standardized in India.
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Results of the tests conducted on aggregates,

Sl no. Tests Result
01 Crushing test 16.14%.
02 Impact test 22.53%
03 Los angel abrasion test | 32.34%
04 Water absorption test 3.1%

B. Test on Bitumen

The following tests were conducted for bitumen,

1) Penetration Test: It measures the hardness or softness of bitumen by measuring the depth in tenths of a millimeter to which a
standard loaded needle will penetrate vertically in 5 seconds.

2) Softening Point Test: The softening point of various bitumen grades generally lies between 35°C to 70°C. The softening point
of between to be used for road construction at a place where the maximum temperature is 40°C should be greater than the 40°C

3) Ductility Test: The property of bitumen allows it to undergo deformation or elongation is called ductility of bitumen.

Sl no. Tests Result
01 Penetration test 69mm
02 Softening point test 47.8°C
03 Ductility test 79.8cm
04 Fire point test 314°C

V. STRIPPING VALUE TEST OF BITUMEN MIX
The stripping value of an aggregate is determined as the ratio of the uncovered area observed visually to the total area of aggregate,
expressed as %. The principle of the test is by immersing aggregate fully coated with binder in water maintained at 40°C
temperature for 24 hours. IRC has specified maximum stripping value of aggregates should not exceed 5%.

Sl | Type of aggregate Time | Stripping%

no.

01 | Plain Bitumen Coated | 24hr | 5%
Aggregate

02 | Waste plastic coated | 47hr | Nil
aggregate

X%
(Fig.2:stripping sample)
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V. MARSHALL TEST
Marshall stability test will be done for measuring how well an asphalt mixture will perform and the maximum load it can support.
The sample needed is From Marshall stability graph, select proportions of coarse aggregates, fine aggregates and filler in such a
way, so as to fulfill the required specification. The total weight of the mix should be 1200g.

Marshall stability result:-

SL.NO. | WASTE PLASTIC (%) BITUMEN STABILITY FLOW
(%) (kg) (mm)
01 0 100 1100 3.23
02 4 96 1185 3.28
03 8 92 1374 3.35
04 12 88 1532 3.43
05 16 84 1217 3.48
A. Stability

Stability (kN) is gradually increases with the increase in the percentage of waste plastic as the partial replacement for bitumen
possess high crushing strength than the conventional bitumen mixes up to a certain limit then after in a decreasing manner. The
optimum amount of waste plastic is 12%.

Chart-1:-Bitumen and plastic percentage vs stability(kg),
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B. Flow
Flow(mm) value increase with the increase in waste plastic content up to 12%, then the flow value gradually increases, but the
maximum and minimum tolerance of flow in between (3%-4%) .

Chart-2:-Percentage of waste plastic and bitumen vs flow,
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VI. METHODOLOGY

Collection of waste plastic

A 4

Obtain OBC of the bitumen mix (control mix) using Marshall design mix

\4
Preparation of bitumen mix using different proportion of bitumen of bitumen and plastic
at the ore determine OBC

l

Selectin the optimum addition of plastic

VII. FIELD TRAIL
There are two processes for constructing flexible pavement using waste plastic,

A. Dry Process

For the flexible pavement, hot stone aggregate (170) is mixed with hot bitumen (160° C) and the mix is used for road laying. The
aggregate is chosen on the basis of its strength. porosity and moisture absorption capacity as per IS coding. The bitumen is chosen
on the basis of its binding property, penetration value and viscoelastic property. The aggregate. when coated with plastics
improved its quality with respect to voids, moisture absorption and soundness. The coating of plastic decreases the porosity and
helps to improve the quality of the aggregate and its performance in the flexible pavement. It is to be noted here that stones with 2%
porosity only allowed by the specification.

1) Plastic waste like bags, bottles, etc are cut into size between 2.36mm and 4.75mmusing shredding machine.

2) The aggregate mix is heated to 170" and then it is transferred to mixing chamber.

3) Similarly the bitumen is to be heated up to a maximum of 160°.

4) At the mixing chamber, the shredded plastics waste is added over the hot aggregate.

5) The plastics waste coated aggregate is mixed with hot bitumen.

B. Wet Process

Waste plastic is ground and made into powder: 6 to 8% plastic is mixed with the bitumen. Plastic increases the melting point of the
bitumen and makes the road retain its flexibility during winters resulting in its long life. Use of shredded plastic waste acts as a
strong "handing agent™ for tar making the asphalt last long. By mixing plastic with bitumen the ability of the bitumen to withstand
high temperature increases. The plastic waste is meltedand mixed with bitumen in a particular ratio. Normally, blending takes place
when temperature reaches 45.5° C but when plastic is mixed, it remains stable even at 55° C.

The vigorous tests at the laboratory level proved that the bituminous concrete mixes prepared. Using the treated bitumen binder
fulfilled all the specified Marshall mix design criteria for surface course of road pavement. There was a substantial increase in
Marshall Stability value of the mix, of the order of two to three times higher value in comparison with the untreated or ordinary
bitumen. Another important observation was that the bituminous mixes prepared using the treated binder could withstand adverse
soaking conditions under water for longer duration.

1) Waste plastics by direct mixing with hot bitumen at 160°C.

2) Mechanical stirrer is needed.

3) Addition of stabilizers and proper cooling.

4) Since the wet process require a lot of investment and bigger plants, for better or easy construction process we prefer dry process.
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(Fig.3: plastic coated with aggregate and bitumen)

VIIl. HOW TO USE
A. Segregation

B. Collection Of Plastic Waste
Waste plastic is collected from roads, garbage trucks, dumpsites or compost plants, or from school collection programs, or by
purchase from ragpickers or waste-buyer.
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C. Cleaning Process
Plastic waste gets cleaned and dried. Waste plastic litter in the form of thin-film carry-bags, use-and-throw cups, PET bottles, etc.
these are sorted, de-dusted, washed if necessary.

D. Shredding Process
Plastic waste which is cleaned is cut into a size between 2.36 mm and 600 microns and of maximum size 2.36 mm in length and
2.00 mm in width using a shredding machine.

IX. CONSTRUCTION PROCESS OF PLASTIC ROAD (DRY PROCESS)

(165°C)
AGGREGATE HOT
AGGREGATE
(Waste
plastics)
POLYCOATED
AGGREGATE

(Hot bitumen

(fig.8:Mixing plant of flexible pavement)
at 160°C)

(110 °C -120 °C)

POLYMER BITUMEN
AGGREGATE MIXTURE

ROAD LAYING

(fig.9:Plastic mix with aggregate and bitumen)
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X. CONCLUSION

Plastics increase the melting point of the bitumen. The use of these plastics in road construction is an innovative technology that not
only strengthens the road but also increases road life. The analysis in this paper reveals Durability, strength and cost. It is hoped that
in near future we will have strong, durable, and eco-friendly roads which will relieve the earth from all types of plastic waste.
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