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ABSTRACT: 

The main objective of our research is to characterize the bitumen which has been extracted from selected 

roads before and after the addition of plastic waste through the   determination of engineering properties. Laboratory 

tests were carried out on three samples from each of the roads in order to obtain extracted bitumen characteristics.  

The extracted bitumen percentage from the mix was 5-6%, which fell within the specified range of 5-8%. Plastic  

waste  in  Municipal  Solid  Waste  is  been increasing   day by day due to increase in Population, Urbanization,   

development activities, which is leading to wide spread of land use for the disposal of waste.   Thus   these   wastes   

are   not   disposed scientifically there will be a possibility to create ground water pollution and also leads to the loss 

of fertile soil.  Thus our project focuses on using the plastic waste as well as used bitumen rather than to dispose 

them. Thus we even reduce ground water pollution and also reduce soil degradation. Thus we added plastic waste   

to the recycled bitumen and the mix  obtained  so  showed  better  binding  property, stability, density and more 

resistant to water. 

 

1. INTRODUCTION 

1.1 GENERAL: 

The threat of disposal of plastic will not 

solve until the practical steps are not initiated at the 

ground level. It is possible to improve the 

performance of bituminous mixed used in the 

surfacing course of roads. Studies reported in the 

used of re-cycled plastic, mainly polyethylene, in the 

manufacture of blended indicated reduced permanent 

deformation in the form of rutting and reduced low – 

temperature cracking of the pavement surfacing. The 

field tests withstood the stress and proved that plastic 

wastes used after proper processing as an additive 

would enhance the life of the roads and also solve 

environmental problems. 

 

Plastic is a very versatile material. Due to 

the industrial revolution and its large scale production 

plastic seemed to be a cheaper and effective raw 

material. Today, every vital sector of the economy 

starting from agriculture to packaging, automobile, 

electronics, electrical, building construction, 

communication sectors has been virtually 

revolutionized by the applications of plastics. Plastic 

is a non-biodegradable material and researchers are 

found that the material can remain on earth for 4500 

years without degradation. Several studies have 

proven the health hazard caused by improper disposal 

of plastic waste. The health hazard includes 

reproductive problems in human and animal, genital 

abnormalities etc., Looking forward the scenario of 

present life style a complete ban on the use of plastic 

cannot be put, although the waste plastic taking the 

face of devil for the present and future generation. 

We cannot ban use of plastic but we can reuse the 

plastic waste. The concept of utilization of waste 

plastic in construction of flexible road pavement has 

been done since 2000 in India. 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 and life of road 

pavement. But its resistance towards water is poor. A 

common method to improve the quality of bitumen is 

by modifying the rheological properties of bitumen 

by blending with synthetic polymers like rubber and 

plastics 

2. REVIEW OF LITERATURE 

An experimental investigation was 

conducted on a three-phase cement-asphalt emulsion 

composite (CAEC), in which asphalt was introduced 



TEJAVATH N, et al, International Journal of Research Sciences and Advanced 
Engineering [IJRSAE]TM 
Volume 2, Issue 20, PP: 9 - 15, OCT - DEC’ 2017. 
 

 

 
 

 
 

International Journal of Research Sciences and Advanced Engineering 

                             Vol.2 (20), ISSN: 2319-6106, OCT - DEC’ 2017.                       PP: 9 - 15 

as a cushion layer in between coarse aggregates and 

cement mortar matrix by dispersing asphalt 

emulsion-coated coarse aggregates into cement 

mortar matrix. Laboratory tests on fatigue, strength, 

rigidity, temperature susceptibility, and stress-strain 

relationship were studied to evaluate the mechanical 

properties of the CAEC. The test results showed that 

CAEC possesses most of the characteristics of both 

cement and asphalt—namely, the longer fatigue life 

and lower temperature susceptibility of cement 

concrete and the stronger toughness and higher 

flexibility of asphalt concrete. It is expected that 

CAEC can be an alternative for semirigid base-course 

material. However, it slightly reduced the strength 

compared with control cement concrete. 

R. K. PANDEY Long term performance of 

pavement structures is altogether affected by the 

strength and durability of the sub grade soils. Design 

of the various pavement layers are very much 

dependent on the strength of the sub grade soil over 

which they are going to be laid. Weaker sub grade 

demands thicker layers whereas stronger sub grade 

goes well along with thinner pavement layers. In-situ 

sub-grades frequently don't provide the support 

required to achieve acceptable performance under the 

traffic loading with increasing environmental 

demands. Sub-grade‟s performance generally 

depends on three of the basic characteristics, which 

are: Load bearing capacity, Moisture content and 

Shrinkage and/or swelling. The main objective of this 

experimental study is to improve the properties of the 

gravely soil by adding bitumen emulsion as 

stabilizing agent and little bit cement as filler. In this 

project locally available red colored late rite type 

gravel soil is taken as experimenting material. 

Medium setting emulsion (MS) is used as stabilizing 

agent in this particular study. Bitumen sand 

stabilization is an effective process as bitumen makes 

soil stronger and improves resistance capacity against 

water and frost. 

Simarpreet Singh Batra Soil is considered to 

be most basic construction material that has good 

shear strength due to the cohesion and internal 

friction among the soil solid particles. But due to 

much heavy loads coming from bridges, buildings 

etc. even soils having good shear strength can fail 

resulting in subsequent failure of the structures due to 

differential settlement. Many attempts have been 

made by numerous scholars in the history to increase 

the strength of soil by different methods including 

addition of lime, cement etc. Recent research is being 

carried to use non-traditional materials like Bitumen 

Emulsions etc. for improving the properties of soil. 

Bitumen Emulsions are usually dispersions of minute 

droplets of bitumen in water i.e. oil in water 

emulsions and are used to improve the cohesive 

strength of granular, low cohesion, low plasticity 

materials. They can also improve the integrity of road 

base, sub-base or sub-grade materials by resisting the 

damage caused by water. In this paper, the Direct 

Shear Test was conducted on soil with varying 

amount of Cationic Bitumen Emulsion (0%, 2%, 5%, 

6% and 7%) to study the effect on Shear Strength 

parameters of the soil. The maximum shear strength 

of the soil was observed at 6% Bitumen Emulsion 

from the laboratory tests performed on the soil i.e. 

approximately 65% more shear strength by 

increasing Angle of Internal Friction but reduced 

Cohesion than the soil without any Emulsion. 

Farrar, Salmans and Planche This study 

involves application of two new test methods to the 

recovery of asphalt emulsion residue, long-term 

oxidative aging of the residue, and mechanical testing 

of the unaged and aged residue to determine low and 

intermediate temperature rheological properties. The 

two new methods are: (1) the simple aging test (SAT) 

which is a thin-film (300 µm) oxidative aging test, 

and (2) a dynamic shear rheometry (DSR) technique 

(commonly referred to as 4mm DSR) that allows 

testing to -40°C, and requires only ~ 25 mg. Three 

polymer modified emulsions are recovered by two 

methods: (1) AASHTO PP 72-11 - Method B, and (2) 

using a SAT plate. Both methods use the same 

evaporative technique to recover the residue (6 hours 

at 60°C in a forced draft oven). The rheological 

properties (m-value, G* sin δ, and ductility) of the 

recovered emulsion residues by both methods are 

reported as well as the rheological properties of the 

aged emulsion using the SAT. The rheological 

properties of the unaged emulsion residues recovered 

by both methods are roughly equivalent. The 

proposed SAT recovery method and application of 

4mm DSR offer significant improvements over 

Method B and current DSR methodology. The 

recovery process is simpler with the SAT plate than 

Method B, and the SAT plate has been designed so 
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that it can be placed directly in a standard PAV for 

long-term aging and the time required for standard 

PAV aging is reduced from 20 to 8 hours. There is no 

extrapolation of intermediate temperature DSR data 

to low temperature. The error due to instrument 

compliance at low temperature is corrected in the 

4mm DSR procedure. 

Chinkulkijniwat and Man-Koksung (2010) 

directed a test research on compaction aspects of 

non-gravel and gravelly Soils using a little 

compaction device. The standard delegate test has 

been broadly utilized and acknowledged for 

characterizing soil similarity for field compaction 

control. Here additionally indicates about the 

influence of gravel size and gravel content on 

standard delegate test results. In this study a 

relationship developed between the summed up 

optimum water substance of the fine division in the 

gravelly soil and the gravel content in standard molds 

using compaction results from the proposed little 

device. 

J.P. Serfass et al (2004) said that cold mixes 

are evolutive materials in their early life. The author 

prepared two types of cold mixes and evaluated 

material characteristics at different states: fresh, 

mature and aged. The author incorporated different 

curing procedures and the effect of temperature, 

relative humidity and time have been evaluated. The 

mechanical behavior has been characterized by 

compressive strength and stiffness modulus. The 

author used 0/14 mm grave-emulsion, made of semi 

crushed alluvial aggregate, with 4.0% of 70/100 

residual bitumen and 0/10 mm dense-graded asphalt 

concrete made of crushed gneiss with 5.0% of 70/100 

residual bitumen. The results obtained from the tests 

the author concluded that to obtain cold mixes in a 

mature state, it is proposed that they are cured 14 

days at 350c – 20% relative humidity as this 

procedure does not cause any deterioration to the 

specimens and he also proposed to keep the existing 

standardized curing 14 days at 180c – 50% relative 

humidity as curing to fresh state. 

Paul et al. (2011) suggested an introduction 

to soil stabilization in pavement taking a mixture of 

bitumen and well-graded gravel or crushed aggregate. 

After compaction it gave an exceedingly steady 

waterproof mass of subbase or base course quality. 

The fundamental system involved in asphalt 

stabilization of fine-grained soils is a waterproofing 

wonder. Soil particles or soil agglomerates were 

covered with asphalt that forestalls or abates the 

entrance of water which could regularly bring about 

abatement in soil quality. What's more, asphalt 

stabilization can enhance durability qualities by 

making the soil impervious to the unfavorable 

impacts of water, for example, volume. In non-iron 

materials, for example, sands and gravel, pounded 

gravel, and smashed stone, two fundamental systems 

are dynamic: waterproofing and adhesion. The 

asphalt coating on the union less materials gives a 

film which anticipates or hinders the entrance of 

water; subsequently reducing the inclination of the 

material to lose quality in the vicinity of water. The 

second instrument had been distinguished as 

adhesion and characteristics of gravelly soils.  

Marandi and Safapour (2012) worked on 

Base Course Modification through Stabilization using 

cement and bitumen. The main objective of this 

research was to analyze the use of bitumen emulsion 

in base course stabilization. So that it was examined 

as replacement with conventional pavement in 

regions with low quality materials. Stabilization of 

soils and aggregates with bitumen shows it differs 

greatly from cement stabilization. The basic 

mechanism involved in bitumen stabilization was a 

waterproofing phenomenon.  

Michael (1993) had proposed about Bench-

Scale Evaluation of Asphalt Emulsion Stabilization 

of Contaminated Soils. In this study, it was discussed 

about the application of ambient temperature asphalt 

emulsion stabilization technology and discussed to 

the environmental fixation of soils contaminated by 

organic contaminants. 

Jones et al. (2012) conducted an 

experimental study on bitumen soil stabilization. 

Here asphalt emulsion is a mix of asphalt binder, 

water, and emulsifying agent. In this case, a series of 

Indirect Tensile Strength (ITS), Unconfined 

Compressive Strength (UCS) and Marshal Tests were 

carried out. It is liquid at ambient temperature to 

facilitate handling at lower application temperatures. 

It accelerates breaking of the emulsion and for 

additional early strength to accommodate traffic 

during curing of the layer. 

Cokca et al.(2003) concentrated on the 

impacts of compaction dampness content on the shear 
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quality of an unsaturated mud. In this study, the 

impacts of compaction dampness substance and 

soaking on the unsaturated shear quality parameters 

of mud were investigated. Experiments were carried 

out on specimens compacted at optimum dampness 

content, on the dry side of optimum and on the wet 

side. It was found that edge of erosion reductions 

quickly with increasing dampness substance, the 

union segment of shear quality attained its top worth 

at around optimum Moisture substance and afterward 

diminishes. 

Hussain (2008) did an excellent work to 

establish the correlation between CBR value and un-

drained shear strength value from Vane Shear Test. It 

was shown that un-drained shear strength value and 

CBR value increased with increasing plasticity index. 

Finally it was achieved that shear strength and CBR 

value is inversely proportional to the water content of 

that material. 

L. Lauren (2011) performed an experimental 

take a shot at soil stabilization products like the 

polymer emulsion for having all the earmarks of 

being the stabilization executors for what's to come. 

Every one of the three polymer-emulsions was 

utilized as a part of this testing project performed 

eminently making solid examples that all gave 

suitable CBR qualities to ways. The CBR test was 

utilized for this venture on the grounds that it has 

been effectively related with quality capability of the 

subgrade, subbase, and base course material for 

utilization in street and runway development. 

A.P.Chritz (2006) discussed about 

performance evaluation of mixed in place bituminous 

stabilized shoulder gravel. Here it was showed an 

economical maintenance of gravel shoulders, a very 

common problem is facing by highway agencies. 

3. MATERIAL AND METHODOLOGY 

3.1 Bitumen Emulsion: 

Bituminous materials or asphalts are 

extensively used for roadway construction, primarily 

because of their excellent binding characteristics and 

water proofing properties and relatively low cost. 

Bituminous materials consists of bitumen which is a 

black or dark colored solid or viscous cementitious 

substances consists chiefly high molecular weight 

hydrocarbons derived from distillation of petroleum 

or natural asphalt, has adhesive properties, and is 

soluble in carbon disulphide. Tars are residues from 

the destructive distillation of organic substances such 

as coal, wood, or petroleum and are temperature 

sensitive than bitumen. Bitumen will be dissolved in 

petroleum oils where unlike tar. 

3.2 Tests for Bitumen Emulsion: 

Time in seconds as determined by the above 

described procedure, with the proper calibration 

correction, is the Saybolt Furol Viscosity of the 

material at the temperature at which the test is made. 

Report the results to the nearest 0.1 s for viscosity 

values below 200s and to the nearest whole second 

for values 200s or above. As per IS: 8887 -2004, the 

acceptance limits of viscosity for different types of 

emulsion are as follow. 

Type of Emulsion 
Acceptance Limits 

at 500C 

Rapid Setting (RS-1) 20 – 100 

Rapid Setting (RS-2) 100 – 300 

Medium Setting (MS) 50 – 400 

Slow Setting (SS-1) 20 – 100 

Slow Setting (SS-2) 30 – 150 

3.3 Determination of penetration: 

This test is done to determine the 

penetration of bitumen as per IS: 1203 – 1978. The 

principle is that the penetration of a bituminous 

material is the distance in tenths of a mm, that a 

standard needle would penetrate vertically, into a 

sample of the material under standard conditions of 

temperature, load and time. The apparatus needed to 

determine the penetration of bitumen is 

i) Penetrometer 

ii) Water bath 

iii) Bath thermometer 
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Fig-1: Testing Machine 

 

3.4 Determination of Ductility: 

This test is done to determine the ductility of 

distillation residue of cutback bitumen, blown type 

bitumen and other bituminous products as per IS: 

1208 – 1978. The principle is: The ductility of a 

bituminous material is measured by the distance in 

cm to which it will elongate before breaking when a 

standard briquette specimen of the material is pulled 

apart at a specified speed and a specified temperature. 

3.5 Determination of Softening Point: 

This test is done to determine the softening 

point of asphaltic bitumen and fluxed native asphalt, 

road tar, coal tar pitch and blown type bitumen as per 

IS: 1205 – 1978. The principle behind this test is that 

softening point is the temperature at which the 

substance attains a particular degree of softening 

under specified condition of the test. 

 

4. RESULTS AND DISCUSSION 

1. The increase in percentage of polymer decreased 

the penetration value. This shows that the addition 

of polymer increases the hardness of the bitumen. 

2. The penetration values of the blends are 

decreasing depending upon the percentage of 

polymers and the type of polymer added. 

3. The ductility decreased by the addition of plastic 

waste to bitumen. The decrease in the ductility 

value may be due to interlocking of polymer 

molecules with bitumen.  

4. Flash and fire point increased with the increase in 

the percentage of polymer .The polymer bitumen 

blend road surfaces are less affected by fire 

hazards.  

5. This shows that the blend has better resistance 

towards water. This may be due to better binding 

property of the polymer bitumen blend. 

6. The softening point increased by the addition of 

plastic waste to the bitumen. Higher the 

percentage of plastic waste added, higher is the 

softening point.  

7. The influence over the softening point may be due 

to the chemical nature of polymers added. 

8.  The increase in the softening point shows that 

there will be less bleeding during summer. 

Bleeding accounts, on one side, increased friction 

for the moving vehicles and on the other side, if it 

rains the bleedings accounts for the slippery 

condition. Both these adverse conditions are 

much reduced by polymer-bitumen blend. 

4.1 Penetration Values: 

Addition of Plastic 

Waste  

Penetration 

Value in mm 

Bitumen 9.00 

Extract Bitumen 68.00 

1% of Plastic Waste 7.30 

2% of Plastic Waste 6.00 

3% of Plastic Waste 5.30 

4% of Plastic Waste 4.60 

5% of Plastic Waste 4.00 

6% of Plastic Waste 3.30 

7% of Plastic Waste 3.00 

8% of Plastic Waste 2.60 

9% of Plastic Waste 1.90 

 
Fig-2: Penetration Value of Bitumen 
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4.2 Ductility of Bitumen: 

Addition of Plastic 

Waste  

Ductility of 

Bitumen mm 

Bitumen 1.20 

Extract Bitumen 5.20 

1% of Plastic Waste 4.90 

2% of Plastic Waste 4.80 

3% of Plastic Waste 4.30 

4% of Plastic Waste 4.00 

5% of Plastic Waste 3.40 

6% of Plastic Waste 3.00 

7% of Plastic Waste 3.00 

8% of Plastic Waste 2.30 

9% of Plastic Waste 1.20 

 
Fig-3: Ductility of Bitumen 

 

Addition of Plastic 

Waste  

Temp @ 

1st Ball 

Touch the 

Bottom 

Temp @ 

2nd Ball 

Touch the 

Bottom 

Bitumen 95 96 

Extract Bitumen 81 82 

1% of Plastic Waste 83 84 

2% of Plastic Waste 85 86 

3% of Plastic Waste 87 88 

4% of Plastic Waste 90 91 

5% of Plastic Waste 92 93 

6% of Plastic Waste 94 95 

7% of Plastic Waste 96 97 

8% of Plastic Waste 98 99 

9% of Plastic Waste 99 100 

 

 

 
 

CONCLUSION 

The addition of plastic waste modifies the properties 

of    Recycled bitumen. 

• The resultant mix obtained after the addition of 

plastic waste showed good result when compared 

to standard results. 

• The optimum content of waste plastic to be used 

is in between the range of 5% to 10%. 

• The problems like bleeding are reduced by the 

addition of plastic waste. 

• Thus the waste plastics can be put to use and it 

ultimately improves the quality and performance 

of road. 

• Total material cost of the project is reduced by 

7.99%. 

• As the bitumen is a non-renewable resource it is 

very important to store it for our future 

generations. 

• Characteristic’s   of   recycled   bitumen   is 

analyzed after the addition of plastic wasteand  

from  analysis  we  came  to  know  that recycled   

bitumen   is   suitable   for   road construction  

after  the  addition  of  plastic waste. 
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