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Abstract:

Using waste accouterments like plastics and rubber in road construction is being decreasingly encouraged
to reduce environmental impact. Plastics and rubbers are one of them. The plastic waste volume in external
solid waste is increasing due to increased population and life changes. also, most tires, especially those fitted
to motor vehicles, are manufactured from synthetic rubber. Disposal of both is a serious problem. At the same
time, a nonstop increase in the number of vehicles emphasizes on need for roads with better quality and
engineering design. This waste plastic and rubber can be used to incompletely replace the conventional
bitumen material to ameliorate asked mechanical characteristics for particular road mixes. In the present study,
a comparison is carried out between the use of waste plastic like PET bottles and scruple rubber (and 25) by
weight of bitumen) in bitumen concrete mixes to dissect which has a better capability to modify bitumen to

use it for road construction.

Keywords PET rubber, Bitumen, summations Marshall Stability test.

INTRODUCTION
The road network is the mode of transportation that serves as the feeder system as it is the nearest to the

people. So the roads are to be maintained in good condition. The quality of roads depends on the materials
used for construction. Pavements are generally of two types: flexible and rigid pavement. A flexible pavement
has a bitumen coating on top and rigid pavements are stiffer than flexible ones with PCC or RCC on top. The

flexible pavements are built in layers to ensure that under the application of load, none of the layers are
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overstressed. The maximum intensity of stress occurs at the top layer, hence they are made from superior
material mainly bitumen. The mix design should aim at an economical blend with a proper gradation of
aggregates and an adequate proportion of bitumen to fulfill the desired properties of the mix which are
stability, durability, flexibility, skid resistance, and workability. Mix design methods should aim at
determining the properties of aggregates and bituminous material which would give a mix with these
properties. The design of asphalt paving mixtures is a multi-step process of selecting binders and aggregate
materials and proportioning them to provide an appropriate compromise among several variables that affect
mixture behavior, considering external factors such as traffic loading and climate conditions. In the
construction of flexible pavements, bitumen plays the role of binding the aggregate together by coating over
the aggregate. It also helps to improve the strength of the road. But its resistance towards water is poor. Anti-
stripping agents are being used. Bitumen is a sticky, black, and highly viscous liquid or semi-solid which can
be found in some natural deposits or obtained as a by-product of fractional distillation of crude petroleum. It
is the heaviest fraction of crude oil, the one with the highest boiling point (525°C). Various Grades of Bitumen
used for pavement purpose:30/40, 60/70, and 80/100. The desirable properties of bitumen for pavement are:
¢ Excellent binding property with aggregates, both cohesive and adhesive in nature.

¢ Repellant to water.

e Thermoplastic (stiff when cold, liquid when hot)

A common method of improving the quality of bitumen is to modify its Engineering properties by blending it
with organic synthetic polymers like rubber and plastics. These polymers can return to the earth as beneficial

additives in bitumen roads.

NEED OF THE STUDY.
In the present study Disposal of waste material (plastic) is a major problem. Plastic waste is non-

biodegradable. Burning of These waste plastic bags causes high environmental pollution. It mainly consists
of low-density polyethylene. To use of waste material in Bituminous Road construction really impressive job,
this material dumped into the land leads to the wastage of land. This study uses Aggregate as a filler material
bituminous concrete and waste plastic as a coating material. Find its utility in bituminous mixes for road

construction. Improvement in properties of bituminous mix provides the solution for disposal in a useful way.

Plastics

Plastic is a type of synthetic or man-made polymer; similar in many ways to natural resins found in trees and
other plants. India’s consumption of Plastics will grow by 15 million tons by 2015 and is set to be the third-
largest consumer of plastics in the world. Various activities like packing consume almost 50-60% of the total
plastics manufactured. Plastic offers advantages lightness, resilience, resistance to corrosion, color, fastness,
transparency, ease of processing, etc. The plastic two major categories of plastics based on physical properties;
(i) Thermoplastics and (ii) Thermos set plastics. The thermoplastics constitute 80% and the Thermos set
constitutes approximately 20% of total postconsumer plastics waste generated. In a thermoplastic material,

the very long chain-like molecules are held together by relatively weak Van der Waals forces. In thermosetting
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types of plastics, the molecules are held together by strong chemical bonds making it quite rigid materials and

their mechanical properties are not heat sensitive.

Type Of Plastics

Thermoplastic Thermosetting
Polyethylene Terephthalate (PET) Bakelite
Polypropylene (PP) Epoxy
Polyvinyl Acetate (PVA) Melamine
Polyvinyl Chloride (PVC) Polyester
Polystyrene (PS) Polyurethane
Low-Density Polyethylene (LDPE) Urea — Formaldehyde
High-Density Polyethylene (HDPE) Alkyd

Carry bags, sacks, milk pouches, bin lining, cosmetic and detergent

LDPE
bottles.
HDPE Carry bags, bottle caps, household articles, etc.
PET Drinking water bottles etc.,
op Bottle caps and closures, wrappers of detergent, biscuits, vapors packets,
microwave trays for readymade meals, etc.,
oS Yogurt pots, clear egg packs, bottle caps. Foamed Polystyrene: food trays,
egg boxes, disposable cups, protective packaging, etc.
PVC Mineral water bottles, credit cards, toys, pipes and

gutters; electrical fittings, furniture, folders, pens, medical disposables; etc.

Plastics may be classified also according to their chemical sources. The twenty or more known basic types
fall into four general groups: Cellulose Plastics, Synthetic Resin Plastics, Protein Plastics, Natural Resins,
Elastomers, and Fibers.

Plastic waste Rubber

There are a large number of ways to manage the waste of rubber. It can be in the form of whole rubber or slit
rubber, chopped tire, ground rubber or as a crumb rubber product. The rubber employed in the bituminous
mix in the form of rubber particles, when subjected to a dual cycle of magnetic separation are then screened
and recovered in various sizes, thus giving rise to the product called “Rubber Aggregate “[Ref. 5]. Various
processes like de-dusting and washing are used to clean the waste rubber. All the rubber pieces are sieved
through a 22.4 mm sieve and retained through a 5.6 mm sieve as per the specifications of the mix design.
These clear pieces are added in a bituminous mix, 10-20% by weight of stone aggregate. Then, this well—
sieved and cleaned rubber aggregate is mixed well with stone aggregate and bitumen at a temperature of about

160°C-170°C for the proper mixing of the bituminous mix. The waste rubber tires are thermodynamically set,
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thus they are not melted in bitumen at the time of mixing all together in a mixing plant. Large quantities of
waste rubber tires are collected from roadsides, dumpsites, and waste — buyers. The collected waste tires are

sorted as per the required sizes for mixing purposes.

Literature review

Niraj (2013) carried out a study in which waste tires were cut in the form of aggregates of sizes ranging from
22.4mm to 6 mm in the tire-cutting machine. These rubber aggregates were added in a bituminous mix, 10 to
20 % by weight of stone aggregate. The addition of rubber aggregate in the bituminous mix decreases the

quantity of stone aggregate and increases the flexibility and flexural strength of the carpet layer of highways.

Nabin (2014) investigated the modification of bitumen with 15% by weight of crumb rubber with varying
sizes. It was observed from the study that stability increases first and then decreases was determined at 5.3%. 1t

was concluded that best size was the finer size.

Zahra et al (2010) conducted a study using powdered PET in 2%,4%,6%,8%,10% with 80/100 penetration
grade. It was found that viscosity increases by 5% for every 2% increase of PET. It was observed that

penetration shows a considerable decrease with an increase in PET content.

Prasad et al, (2013), investigated the use of PET waste by mixing 2%,4%,6%,8%,10% with 80/100-grade
bitumen and found that MSV, FV, bulk density increases with an increase in PET content whereas VFB

decreases was obtained as 5.4% and optimum content of PET was 8%.

Raol et al, (2014), carried out a test using crumb rubber blended with bitumen in 5%,10%,15%, and 20% and
found an increase in Marshall stability up to 15% and then a reduction on further addition.

Materials And Research Methodology

Aggregates: Coarse aggregates were selected based on standard specifications for road construction
materials.

Bitumen: Standard bitumen used for flexible pavements.

Plastic Waste: Various types of plastic waste are to be tested and used as a bitumen substitute.

Testing of Aggregates

To ensure the quality and suitability of aggregates for pavement construction, the following tests were
conducted.

Grain Size Distribution of Aggregates: Determines the particle size distribution of the aggregates.

Flakiness and Elongation Index (Shape Test): Assessed as per 1S:2386 (Part 1) 1963 to determine the shape
characteristics of the aggregates.

Specific Gravity and Water Absorption Test: Conducted as per 1S:2386 to determine the density and porosity
of the aggregates.
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Aggregate Impact Value Test: Evaluated as per 1S:2386 (Part 4) 1963 to measure the resistance of aggregates
to sudden impact.

Aggregate Crushing Value Test: Conducted as per 1S:2386 (Part 4) 1963 to determine the crushing strength of
the aggregates.

Testing of Bitumen

The bitumen was tested for its properties to ensure it meets the required standards for use in flexible pavements:
Penetration Test: As per 1S:1203-1978 to determine the hardness or softness of the bitumen.

Softening Point Test: Conducted as per 1S:1205-1978 to find the temperature at which the bitumen softens.
Ductility Test: As per 1S:1208-1978 measure the bitumen's ductility or ability to stretch.

Flash and Fire Point Test: Conducted as per 1S:1209-1978 to determine the temperatures at which the
bitumen vapors ignite.

Specific Gravity Test: As per 1S:1202-1978 determine the density of the bitumen.

Marshal Mix Design

The Marshall Mix Design method was used to design the optimal bitumen mix for flexible pavement
construction. The specifications followed were as per the Ministry of Road Transport and Highways
(MORTH) and MS-2 standards. The steps involved: Preparation of Test Specimens: Various bitumen-
aggregate mixes were prepared, incorporating plastic waste as a binder material up to 10% by weight of the
bitumen. Stability and Flow Tests: These tests were conducted to determine the stability, flow values, and
void characteristics of the mixes. Optimum Bitumen Content (OBC): The OBC was determined for both the
conventional and plastic-modified bitumen mixes.

Optimum Bitumen Content (OBC): The OBC was determined for both the conventional and plastic-

modified bitumen mixes.

Preparation Of Plastic-Waste Coated Aggregate:
The aggregate is heated to around 170°C; the plastic waste is shredded to a size varying between 2.36mm and

4.75mm. This shredded plastic waste is added over hot aggregate with constant mixing to give a uniform

aggregates

Polymer bitumen Polycoated
ggregate Mix :
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Mixing Procedure

Step 1: Plastic waste like bags, and bottles made of PE and PP cut into a size between 2.36mm and 4.75mm
using a shredding machine. Care was taken to eliminate PVVC waste before it proceeded to the next process.
Step 2: The aggregate mix is heated to 165°C and then it is transferred to the mixing chamber. Similarly, the
bitumen is to be heated up to a maximum of 160°C. This is done to obtain a good binding and to prevent weak
bonding. During this process monitoring the temperature is crucial.

Aggregates: Aggregates having sufficient strength, hardness, toughness, specific gravity and shape were
chosen and the prescribed tests on conventional aggregates were performed. An aggregate gradation that
satisfies the requirements of IRC 111-2009 for grading-I1 was selected. From Figure-1, it can be observed that
the selected aggregate gradation is within the specified range for hot asphalt mix design. The permissible
grading in between maximum and minimum limit as shown in above figure-1 was adopted to achieve
maximum density and economical blend as well.

Bitumen

Bitumen is very well known as the binder in asphalt construction It is one of the most important highway
construction materials. The important quality of bitumen which has made bitumen a popular binding material
is its excellent binding property and gets softens when heated. For most of the tests, the testing conditions are
pre-fixed in the specifications. Temperature is a vital parameter that has a direct influence on the modulus and
the aging of the binder. This consideration is important because binders extracted from various sources may
show the same physical properties at particular temperatures, but the performance may vary drastically at
various temperatures. Mineral Filler: 0 50 100 150 0.01 0.1 1 10 100 % of passing sieve size(mm) achieved
value mid value lower limit upper limit Filler shall consist of finely divided minerals such as rock dust or
hydrated lime or cement. The use of crushed stone aggregate (CSD) is encouraged because of its economical
point of view and easy availability of this filler. It is added to the hot mix asphalt, to increase the density and

enhance the strength of the mixture.

enhance the strength of the mixture.
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Plastic waste:

Fig.4. Plastic waste The processed waste plastic bags( LDPE) from the garbage of the local area in shredded
form were used as an additive. The shredded waste plastic was cut into pieces of uniform size of 2.36 mm to
4.75 mm.

Fly Ash:

One of the by-products of the generation of energy through thermal processes is fly ash, whose safe disposal
incurs monetary and environmental costs. A review of various literature has found the following results,
application of fly ash, in both flexible and rigid pavement, is common in the form of a filler material.
Preparation of Plastic Waste Coated Aggregate Sample:

The aggregate is heated to around 170°C; the plastic waste is shredded to a size varying between 2.36mm and
4.75mm. This shredded plastic waste is added over hot aggregate with constant mixing to give a uniform
distribution. The plastic got softened and coated over the aggregate. The hot plastic waste coated aggregate is
mixed with the hot bitumen of VG 40 grade (160° C).
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Aggregates and mineral filler Prepared Marshall samples
Test On Aggregates
SrNo Properties tested Test results Specification

1 Specific gravity 2.6 2.5-3.0
Test 2.8 2.5-3.0

2 Water absorption 1.06 Max 2&

3 Stripping value 98% Min 95%

4 Impact test 7.85 Max 24%

5 Los angles test 20.63 Max 30%

The bitumen used in the experiment was VG-40 grade and was tested in the laboratory for basic tests,

penetration, ductility, softening point, specific gravity, and flash and fire point tests.

IJINRD2501214 | International Journal Of Novel Research And Development (www.ijnrd.org) c25



http://www.ijrti.org/

© 2025 IJNRD | Volume 10, Issue 1 January 2025 | ISSN: 2456-4184 | [INRD.ORG

@ Monday, Decamber 23, 2024, 141219

© HB47+9)), Ajigarha, Madhya Pradesh
486002, India

s

#fec-2004 15510

s

Marshall Apparatus Bitumen (Matrial)

Results of the tests conducted on bitumen

Srno Test name Obtained value Permissible value
1 Penetration test 37mm 50 mm
2 Ductility test 78 cm 50 cm
3 Softening point test 52°c 35t0 70
4 Stripping value test 5% Max 25%

Gradation Requirements of Mineral Filler

Is sieve size in mm Commutative % by weight of total Aggregate
Passing
0.6 100
0.3 95-100
0.075 85-199
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TABLE THE OPTIMUM BITUMEN CONTENT FOUND TO BE 5% AND THE VARIOUS

MARSHALL PARAMETERS AT 5% BITUMEN CONTENT LIST

Sample | Specim | Plastic % of | Wtin | Wtin| Wt | Vol | Densi | Gmm | Air | VMA | VFB
no en % of aggreg gm | water | of of ty void
thickne | rubber ates gm ssd | spe | Glcc S
ssin mix in gm | cim
mm bitumen en
e_-f
(cc)
1 63.5 5 95 1199 729 | 1246 | 520 | 2.304
2 63.5 5) 95 1180 733 | 1245 | 512 | 2.306
3 63.5 5 95 1191 733 | 1250 | 521 | 2.288
2299 | 2418 | 49 | 1517 | 67.65
1 63.3 10 95 1202 | 1257 | 735 | 522 | 2.303
2 63 10 05 1210 | 1259 | 729 | 530 | 2.283
3 63.5 10 05 1198 | 1255 | 716 | 539 | 2.223
2269 | 238 | 465 | 16.27 | 71.45
1 63.1 15 95 1222 | 1257 | 721 | 536 | 2.280
2 63.4 15 95 1227 | 1274 | 736 | 538 | 2.281
3 63.7 15 95 1225 | 1246 | 712 | 534 | 2.294
2.285 | 2.385 | 420 | 15.70 | 73.26
1 63.6 20 94 1209 | 1230 | 724 | 540 | 2.239
2 63 20 94 1195 | 1235 | 737 | 533 | 2.242
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3 63.4 20 94 1180 1240 | 740 | 537 | 2.197
2226 | 229 | 279 | 17.37 | 84.39
1 64.2 25 94.3 1217 | 1258 | 721 | 537 | 2.266
2 65 25 94.3 1215 | 1256 | 729 | 527 | 2.306
3 63.9 25 94.3 1205 | 1263 | 735 | 528 | 2.262
2.285 | 2.357 | 3.07 | 15.71 | 80.47
Correlation n Ratio as Stability (Measure) Stability Corrected Flow (MM)
per Table 7.1 of MS 2
1 1090 1050 2.5
1 1025 1025 2.8
1 1061 1061 3.4
1058.7 1058.7 2.9
1 1180 1180 3.5
1 1190 1190 3.9
0.93 1235 1148.55 3.4
1201.67 1172.85 3.60
0.96 1122 1077.12 3.8
0.96 1080 1036.8 3.62
0.93 1095 1018.35 4.56
1099.0 1044.09 3:99
0.03 1132 1052.76 4.5
0.96 1063 1020.48 5.1
0.93 1043 969.99 58
1079.39 1014.41 5
0.96 1126 1080.96 2.53
1 1011 1011 2.33
1 1181 1181 1.26
1106.00 1090.987 2.04
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bitumen vs Air voids
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Bitumen vs VFB
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Bitumen vs Stability (KN)
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Conclusion

Grounded on the study and experimental data for waste plastic modified bituminous concrete blend
compared

with a conventional bituminous concrete blend, the following conclusions can be drawn
) The results showed that waste plastic can be accessibly used as a modifier for the bituminous concrete
blend as it gets carpeted over the summations of the admixture reduces porosity, and immersion of
humidity, and improves the binding property of the blend.

2) The Optimum Bitumen Content( OBC) was set up to be 5.00 by weight of summations. The
Optimum Plastic Content( OPC) to be added as a modifier of bituminous concrete blend was set up to
be 11 weight of Optimum Bitumen Content( OBC) when there's a 40 addition of cover ash by the wt.
of CSD padding of bituminous concrete blend.

3) Bituminous concrete blend modified with waste plastic carpeted summations along with the
addition of cover ash showed advanced Marshall stability value by 1.21 KN and increased the inflow
value slightly by 0.13 mm as compared to conventional bituminous concrete blend.

4) The viscosity value of the waste plastic total bituminous blend along with the cover ash( relief of
11 bitumen by the waste plastic and addition of 40 cover ash by the weight of CSD), decreases by 0.25
gm/ cc as compared to the conventional blend.

5) The air voids value has also shown positive results, i.e., it also decreases by 1.64 when we modified
the conventional blend with the 11 relief of bitumen by the waste plastic along with the addition of
40 cover ash.

6) The waste plastic total bituminous blend( 11 OPC) along with the addition of 40 cover ash has
also showed that the VMA and VFA values also increase independently by 6 and 17 as compared to

the conventional blend.
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