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ABSTRACT

The plastic waste has been increasing day by deytalincrease in population, urbanization, indafigration,
changes in the life style, and socio-economic d@oms. The disposal of plastic waste is a menackbe@tome a serious
problem worldwide due to its non-biodegradabilitydaunaesthetic view. It is need of the hour to plsstic waste for
construction of flexible pavement to minimize thutmen consumption, protect the environment, manhgelastic waste
and improve the properties of the aggregates. Doggss is the most advanced technique in whichiplasste is used to
coat the aggregates. The plastic coated aggregaitésit improved soundness & specific gravity, laksasion & impact
value and extra resistant to water than that dhpggregates. In this paper, the use of plast&tevin flexible pavement
by using dry process has been examined and theiexp of the plastic coated aggregates have bempared with the
plain aggregates.
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INTRODUCTION

The increased use of plastic products as packagiptication in the recent years have augmentedubatity of
plastic in the solid waste stream to manifoldssttais a non-biodegradable material and can remaiearth for 4500
years without degradation. It is not possible to bae of plastic but we can reuse the plastic wef$tetively for coating
the aggregates for construction of flexible pavetnm@ime aggregates coated with plastic show imprergmn the
properties than that of plain aggregates. The Gpéastic waste in flexible pavement helps to miizienthe requirement of

bitumen up to great extent, helpful in its propem@agement; thus protects the environment [1].
LITERATURE REVIEW

In India, the concept of utilization of plastic wasn construction of flexible pavement has beemnedsince 2000.
In flexible pavement, bitumen plays the role ofdimg the aggregate together by coating over theeggde, improve the
strength and life of road but its resistance towasdter is poor. Considerable research has beeedaut to determine
the suitability of plastic waste modifier in consttion of bituminous mixes. The plastic waste carubed either to modify
the bitumen in wet process i.e. plastic is addeithéoheated bitumen and mechanical mixing is donassto get modified
bitumen. While in dry process plastic waste is mixgth heated aggregate and bitumen is then mixidll the plastic
coated aggregate to get the modified bituminous Mixny research works have been carried out fopthastic modified
bituminous mixes using wet process while a fewaed®es are carried for the plastic modified bitusnim mixes with dry

process. Sunil Boset al. (2005) reported that the use of waste plasti8%fby weight of bitumen helps in substantially
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improving the stability, fatigue, indirect tensi#¢rength and reduced water damage of bituminougsnimder adverse
water logging conditions. Therefore, the life oktHexible pavement using the waste plastic is etqukto increase
considerably in comparison to the use of conveatidmituminous mix. The plastic waste materials Wil put to use in
road construction industry, resulting in improvexhd pavements and also relief from the waste plastterials being

littered all around urban areas.

Vasudevaret al. (2004) reported that waste plastic could repktzeut 8% by weight of bitumen. Stripping test
conducted after mixing operation proved that adiresif the plastic waste-aggregate-bitumen was kexdelPlastic waste
could be successfully mixed with aggregates anthi®@n at hot mix plant and the condition of the radn properly laid
was good. Vasudevast al. (2006) reported that though plastic modified fmi&uin improves the quality of the roads, the
process of using the plastic for the blending degithe strength of the bonding. Coating plastictevaser aggregates
gives better strength than blending it with bitum&he aggregate, when coated with plastic impratedjuality with
respect to voids, moisture absorption and soundmagsprocess is definitely better process than pretess. They also

reported that plastic will not leach out after layithe road using plastic-aggregate-bitumen migJ2,
PROBLEMS WITH PLASTIC WASTE

The disposal of plastic waste is a menace and beeoserious problem globally. The main problemé wiastic

waste are as follows:

* Non-biodegradable

* Un-aesthetic to view

e Cause land and water pollution

* Need reasonable space for disposal

e Can choke the drains & drainage channels

» Can be eaten by animals causing their illness &tdea

e Cause health hazards like genital abnormalitiggoductive problems, etc.
GENERATION OF PLASTIC WASTE IN INDIA

India has the lowest (6-7 kg) per capita per yeamsamption of plastic than that of world (24 kg)dan
consequently the plastic waste generation is a9 w. The total plastic consumption (or plastiaste generation) in

India during last decade has been shown in tapig 1

Table 1: Plastic Consumption in India (In Tonnes)

Sr. No. | Year | Plastic Consumption in India (in Tonnes)
1. 1996 61,000
2. 2000 3,00,000
3. 2001 4,00,000
4, 2007 85,00,000

PLASTIC WASTE CLASSIFICATION

Plastics can be classified in many ways, but mostraonly by their physical properties. Plastics naégo be
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classified according to their chemical sources [Ballulose Plastics, Synthetic Resin Plastics, éfoPlastics, Natural
Resins, Elastomers, Fibers, etc. But depending tmir tphysical properties may be classified as tlopiastic
(like Polystyrene, Polypropylene, Poly Vinyl Chidej etc.) and thermosetting (like Bakelite, EpoRyplyester, etc.)
materials. Thermoplastic materials can be formed gresired shapes under heat and pressure and desdids on

cooling. Thermosetting materials which once shaggethot be softened/ remolded by the applicatidmeat.

Most of thermoplastics on heating soften at tempegabetween 110-14G. The Thermo-gravimetric analysis of
thermoplastics has proven that there is no gasugenlin the temperature range of 130-38&nd beyond 18C gas
evolution and thermal degradation may occur. Thesaaste plastic can easily be blended with thentih as the process

for road construction at temperature in the rarfges6-165C [5].
PLASTIC WASTE AND ITS SOURCE

The sources of plastic waste are shown in tableng.plastic confirming to HDPE, LDPE, PET and pogthane
shall only be used in flexible pavement. The PVGuth not be used for road construction as theyycedoxic gases and

cause health hazards [6].

Table 2: Plastic Waste and its Source

Plastic waste Origin/ Source
High Density Polyethylene (HDPE) Carry bags, battes, house hold articles, etc.
Low Density Polyethylene (LDPE) E;rtgsbae%i, sacks, milk pouches, bin lining, cograatd detergent
Polyethylene Terphthalate (PET) Drinking water legttetc.

Bottle caps and closures, wrappers of detergestultj wafers
packets, microwave trays for readymade meal, etc.

Mineral water bottles, credit cards, toys, piped gutters; electrical
fittings, furniture, folders and pens, medical disgbles, etc.
Yoghurt pots, clear egg packs, bottle caps. Fodpudgktyrene: food
trays, egg boxes, disposable cups, protective gauiaetc.

Polypropylene (PP)

Poly Vinyl Chloride (PVC)

Polystyrene (PS)

DRY PROCESS

In dry process the aggregates are heated to ad&d 76C in the central mixing plant. The requisite petage
of shredded plastic waste (2 to 4 mm size) to thight of bitumen is mixed with aggregates for 3@€osec for uniform
coating at their surface. After that the plastiatedl aggregates mixed with hot bitumen at tempex&tlb5-165C) to

produce plastic-bitumen-aggregate mix which candesl for road laying (Figure 1) [7, 8].
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Figure 1: Flow Diagram of Dry Process
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The aggregate used for dry process has been closte basis of its strength, porosity & moistubsaption
capacity and the bitumen has been chosen on thiedfats binding property, penetration value amgtg-elastic property.
The aggregate, when coated with plastic improvedyitality with respect to voids, moisture absomptmd soundness.
The coating of plastic decreases the porosity afdshto improve the quality of the aggregate asgdrformance in the
flexible pavement. It is to be noted here that stowith porosity less than 2% can only be allowgdhe specification for

this process.
Advantages of Dry Process
» Plastic is coated over stone aggregate and thumirepghe surface property of aggregate.
* No additional mechanical set up is required fos fitiocess.
« As replacing bitumen to 15%, higher cost efficieigpossible.
» The coated aggregate show increased strength adohgiproperty.
» Bitumen bonding is stronger than normal.
» Flexible films of all types of plastic can be used.
e Can be practiced in all type of climatic conditions
* No evolution of any toxic gases as maximum tempeeas 180°C.

e The penetration of water is reduced due to pldstiomen-aggregate mix which resists stripping aadce no

pothole formation takes place on roads.

» Waste plastic-bitumen blend shows higher softertergperature. This increase will reduce the bleeding

bitumen during the summers.
There is no observable demerit either in this pgea® in the road characteristics.
Comparison of Properties of Plastic Coated Aggregatwith Plain Aggregates

The aggregates coated with 3%, 6% and 8% plastic hghv®f bitumen were tested and their propertied ha
been compared with the plain aggregates as distbsdew [9, 10].

AGGREGATED IMPACT VALUE

The aggregate impact value (AlV) indicates a retatneasure of resistance of aggregate to impadéthwias a
different effect than the resistance to graduailyréasing compressive stre$tie AlV should not normally exceed 30%
for aggregates to be used for wearing course ofipants. Plastic coatedgregates show decrease in AlV than the plain

aggregates as shown in Figure 2.

Impact Factor (JCC): 3.0238 NAAS Rating.06



Utilization of Plastic Waste to Improve the Propertes of Aggregates Using Dry Process 21

16 1428

14 1254
g‘ 12 10.63
g 10
E 8 8.71
4 6
=]
E 4

2

0

0 2 4 ] 8 10
Plastic Waste (%0 by weight ofhitumen)

Figure 2: Results of Aggregate Impact Value Test
LOS ANGELES ABRASION TEST

Due to the movements of traffic the road aggregasesl in the surface course are subjected to vggadtion at
the top. This wear and tear percentage of an agtgeid determined with the help of Los Angeles sibra test.
The abrasion valushould be less than 30% for aggregates to be useddaring course of pavemenBastic coated

aggregates show decrease in abrasion value thaidimeaggregates as shown in Figure 3.
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Figure 3: Results of Los Angeles Abrasion Test

SPECIFIC GRAVITY

The specific gravity of an aggregate is considdced measure of the quality or strength of a malte8tones
having low specific gravity values are generallyaker than those having higher valuBfastic coated ggregates show
increase in specific gravity than the plain aggtegas shown in Figure 4.
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Figure 4: Results of Specific Gravity Test

MOISTURE ABSORPTION

The aggregates having higher water or moisture rabisa value are porous and thus we#Mastic coated

aggregates show less moisture absorption than #ie ajgregates as shown in Figure 5.
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Figure 5: Results of Moisture Absorption Test

SOUNDNESS TEST

Soundness test is intended to study the resistaraggregates to weathering action. The weight i sstributed
to the poor quality of the aggregate. The losh@éweight of aggregates tested with sodium sulpdiaee 10 cycles should
not exceed 12%. The weight loss of plastic coatgptegates is observed to be negligible (Figure 6).
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Figure 6: Results of Soundness Test

CONCLUSIONS

The plastic waste has now been utilized efficiebifyusing dry process for construction of flexipeevement and

thus helps in resolving the problem of its dispo3&le use of plastic waste in roads is a substtutine bitumen up to

great extent and improves the properties of theeggges thus enhance the life of road. Governntfenild take initiative

to enforce the use of plastic waste in road cong8tm using dry process.
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