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Abstract: A large number of solid wastes are being produced
each day. This wastes, especially plastic and rubber effects the
environment. So, nowadays these kinds of wastes are used in
flexible pavements. I n this project, the performance of the asphalt
mixture using waste plastic and crumb rubber was determined.
The aggregate were partially replaced by waste plastic
(0.5%,1%,1.5%,2%,2.5%) and crumb rubber
(0.5%,1%,1.5%,2%,2.5%). Also, 10% of fly ash isused in addition
to filler material. Various tests like specific gravity, Water
absorption, Impact test and Crushing strength for aggregate and
softening point, Penetration test, Viscosity test, Specific gravity
test and Binder content test for bitumen were conducted in
obtained asphalt mixture. A Marshal stability test is also
conducted to find the performance of the asphalt mixture. All the
test results are compared with the results of the conventional
mixture. The result obtained shows the plastic waste incorporated
asphalt mixture does not affect the performance of the pavement
also reduces the rutting and fatigue of the flexible pavement.

Keywords: Asphalt mixture, Binder content test, Crumb
rubber, Marshall stability test, Waste plastic.

[.INTRODUCTION

Every country’s economy mostly depends upon the
industries and trades but it is all possible with transportation.
The most common mode of transport in India is road
transport including 90% of passengers and 70% of freight
vehicles moving on roads [21]. It is very difficult to maintain
roadsin adverse climatic conditions. So it becomesimportant
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to modify the properties of roads surface in order to reduce
the increasing maintenance problems [1]. Materials like
rubber and plastic can help in modifying the properties of
roads as it is flexible in nature and can be mixed easily with
bitumen for flexible pavements. Rubber and plasticisanon -
biodegradable material [3].

Aggregates which are totally nature dependent obtained
from natural quarries that are depleting due to excessive
usage. Continuous explosives are used on these quarries and
have disturbed the natural structure of these rocks, asaresult,
they have loosened and during rainy seasons they collapse
and the debris cause notable damage to life and property.
Replacement to aggregates is necessary by considering future
problems [19]. Efficient amounts of wastes, like rubber and
plastic, can be replaced as aggregates up to some amount in
the road construction without hampering the strength of the
road. The principle element of tireis rubber and plastic, about
85% of the tire were both synthetic and natural rubber may
used. Natural rubber is an elastic hydrocarbon polymer while
synthetic rubber is athermoset polymeric material. Rubber is
a polymeric material that may be obtained from natural or
synthetic rubber by polymerization. The rubber is melting at
180°C and has no effect of temperature stresses up to certain
limits.

The disposal of rubber and plastic leads to environmental
pollution. Therefore, utilizing waste rubber and plastic in
road pavements imparts the properties of roads and to the
environment as well [16]. The cost of natural construction
materials are increasing day by day, so it becomes necessary
to find alternatives to replace the natural resources which
may lead to improved quality of roads and reduced
construction costs. Rubber tyres and plastic PET bottles have
been proved user-friendly to the people in many ways but
those are not eco-friendly. So it becomes a matter of at most
importance to reuse waste rubber and plastic in any means
possible. Reusing is a partial replacement of road materials
like aggregate, which can be an environmentally friendly
approach [22]. Therefore, the use of waste tire rubber and
plastic PET bottles has been thought to utilize as an aggregate
in partial replacement in the coarse aggregate to save nature.
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Il.  ORGANIZATION OF THE PROJECT
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I11. PROJECT SIGNIFICANCE

The use of waste plastic and crumb rubber in road
construction is not new. The replacement of aggregate
technology is not only strengthened the road construction but
aso increase road life. The effect of replacement of waste
plastic and crumb rubber is reducing the rupture and fatigue
of the flexible pavement [7]. By using plastic and crumb
rubber in flexible pavement design, the problem of waste
plastic and crumb rubber disposal gets solved as well as the
performance of roads gets improved.

IV.MATERIALSREQUIRED

A. Aggregate

The aggregates are bound together either by bituminous
materials or by cement. In afew cases, when fly ash is mixed
with waste it forms slurry which acts as a binding medium.
Stone aggregate used for road work should be hard, tough,
durable and hydrophobic for the bituminous surface. Gravel
should be well-graded (12mm) and should have a fithess
modulus not |ess than 10mm.

| =
Figure 1.Coar se aggr egate
B. Bitumen
Bituminous materials or asphalts are lengthily used for
roadway construction, primarily, because of their excellent
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binding characteristics and waterproofing properties and
relatively low cost. Bituminous materials consist of bitumen
which is a black or dark-colored solid or viscous
cementations substances consists chiefly high molecular
weight hydrocarbons derived from the distillation of
petroleum or natural asphalt, has adhesive properties, and itis
soluble in carbon disulphide.

4
Figure 2. Bitumen
C. Waste plastic

In this project, a waste plastic bottle (PET) was used as a
modifier additivein hot mix asphalt. To thisend, PET bottles
were cut into small pieces and crushed by a specia crusher.
Finaly, crushed particles were sieved to obtain the needed
gradation. The related components of studied PET were
terephthalic and ethylene gly

Figure 3, Plastic scrap
D. Crumb rubber

Used waste tubes are collected on a large scale and
subjected to shredding and chipping process. These are
applied using an automatic machine that can cut up the tube
into tiny particles of various sizes.

Figure 4, Crumb rubber
E. Filler material

Fly ash was produced from cement industries in all states
of India. Fly ash used in this study can be classified asclassF.
The particle size ranging between 0.075mm and 30mm
whereas fly ash consisted mainly of fine particles less than
300um. Fly ash content 10% are added by the weight of
aggregate. The specific gravity of fly ash is 2.225.

V. TESTING OF MATERIALS

A. Specific gravity test on aggregate

Specific Gravity is the ratio of the weight of a given
volume of aggregate to the weight of an equal volume of
water. Water, at atemperature of 73.4°F (23°C), has aspecific
gravity of 1 Specific Gravity isimportant for several reasons.
Some deleterious particles are lighter than the good

aggregates.
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Graph 1, Specific Gravity test on aggregate
B. Water absor ption test on aggregate

A specific gravity test of aggregate is done to measure the
strength or quality of the material while the water absorption
test determines the water holding capacity of the coarse
aggregate. The main objective of this test is to measure the
strength or quality of the material.
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Graph 2, water absorption test on aggregate

C. Impact test on aggregate

The property of amaterial to resist the impact is known as
the toughness of coarse aggregate. This characteristic is
measured by the impact value test. The aggregate impact
value measures the resistance of sudden impact or shock,
which may differ from its resistance to gradually applied
compressive load.
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Graph 3, Impact test on aggregate

D. Crushing strength test on aggregate

The strength of coarse aggregate is assessed by aggregate
crushing test. The aggregate crushing value provides a
relative measure of resistance to crushing under a gradually
applied compressive load. To achieve a high quality of
pavement, aggregate possessing low aggregate crushing
value should be preferred.
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Graph 4, Crushing strength test on aggregate

E. Specific gravity test on bitumen

This test is done to determine the specific gravity of
semi-solid bitumen road tar. The principles are that it is the
ratio of the mass of a given volume of bitumen to the mass of
an equal volume of water, both are at arecorded at a specified
temperature.

1.6

— S pecific Gravity

Specific G ravity

1 2 3
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Graph 5, Specific gravity test on Bitumen

F. Softening point test on bitumen

Temperature is noted when the softened bitumen touches
the metal plate which is a a specific distance below.
Generally, a higher softening point indicates lower
temperature susceptibility and it is preferred in hot climates.
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Graph 6, Softening point test on bitumen

G. Ductility test on bitumen

Ductility of abitumen material is measured by the distance
in millimeters to which it will elongate before breaking when
two ends of standard briquette specimen of material are
pulled apart at a specified speed and specified temperature.
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Graph 7, Ductility test on bitumen

H. Viscosity test on bitumen

Saybolt Furol viscosity test is used to determine the
viscosity of liquid bitumen. In this test, time in seconds is
noted for 60 ml of the liquid bitumen at a specified
temperature to flow through an office of a specific size. The
higher viscosity of the bitumen requires more time for quality
to flow out.
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Graph 8, Viscosity test on bitumen

|. Penetration test on bitumen

The penetration test of bitumen is atest where a standard
penetration needle [Carrying 100 gm superimposed load] is
allowed to penetrate a standard bitumen sample for standard
time period [5 seconds], at standard test temperature [25°C]
and the value of penetration is expressed as 1/10™ of mm.
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Graph 9, Penetration test on bitumen

J. Binder content test on bitumen

The determination of the binder content of the bituminous
mixture is one of the major properties that affect pavement
performance. The binder content affects the pavement’s
tendency to permanent deformation, fatigue cracking, and
moisture damage. The binder content can be determined by
the ignition method and hot/cold extraction.
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K. Material test resultsand analysis
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Graph 11,12, Result Analysis of Aggregate and Bitumen.

VI.MARSHALL STABILITY TEST ON SAMPLES

The bituminous concrete mix iscommonly designed by the
Marshall Stability method. This test is extensively used in
routine test programmers for paving jobs. The stability of the
mix is defined as the maximum load carried by a compacted
specimen at a standard test temperature of 60°C. The flow is
measured as the deformation in units of 0.25mm between
no-load and maximum load carried by the specimen during
the stability test (flow value of 0.1mm).This test attempts to
get the optimum binder content for the aggregate mix type
and traffic intensity. This is the test that helps us to draw
Marshall Stahility vs. bitumen content and Marshall Stability
vs. bitumen content.
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Figure5, Marshall Stability test on samples Graph 13, Marshall Stability test value of Specimens
Tablel. Marshall Stability test Values From this project, It states that with the use of waste
Particu | Sa | Sam | Samp | Sample- | Sample | Samp plastic, crumb rubber and filler materials becomes better than
lars | mp | ple- | le3 4 5 le-6 the ordinary bitumen mixture. Moreover, the plastic and
lel) 2 bber bitumen is more resistant to the rupture and fatigue of
Percent | 0 | 05 | 1 15 2 25 rubber P 9
age of the flexible pavement.
Wast(_e
materia VII. CONCLUSION
Is (%)
ngght 130 1243 | 1228 | 1189 1145 | 1180 Based on the above project result, the following conclusions
specim are drawn:
enin 1. 1% of plastic and crumb rubber replacement in
Va\“/ r_(%)t e = — — aggregate gives a better result for flexible pavement
elg .
of 5 construction. _
specim 2. Plastic and crumb rubber as a 1% replacement in
enin aggregate can be used as an optimum percentage
Wz"g;a' value for the bituminous mixture.
Weight | 133 | 1278 | 1257 | 1215 | 119 | 1153 3. Padtic and crumb rubber can be utilized as a
of 4 fractional blending material in the design of flexible
saturat pavernent
wice 4, 1% repla_cement _o_f aggregate sample speci_ men
dry gives a high stability value than the conventional
core(g) specimen.
\(/)?'(‘;OT: 279 | 283 | 279 261 29 | 2® 5. 1.5% replacement of aggregate sample specimen
(cc) gives ahigh flow value than the specimen.
Density | 46 | 439 | 44 456 3.83 3.93 This project gives a satisfactory conclusion by replacing
°(f ?Of)e 9 aggregate. Waste plastic and crumb rubber give the more
glee i
Warsal 27 50 T T 5 Marshal_l Stabll!ty v_alue and flow val_ue than the
I conventional. This project also reduces the bitumen content
Stabilit for asphalt mixture. This project is reducing the aggregate
VF(I"N) T BT R B — content for the flexible pavement construction and in
Vaﬁ:’é 28 5 ' ' ' ' reducing the environmental impacts of waste disposal.
(mm)
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