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Abstract— Present the availability of the waste plastics is 

enormous, as the plastic materials have become part and 

parcel of daily life and also become a serious problem with 

the apparent disposal, leads to the environmental pollution. 

Utilization of waste plastic bags in bituminous mixes has 

proved that these enhance the properties of mix in addition to 

solving disposal problems. They either get mixed easily with 

Municipal Solid Waste and/or thrown over land area. Plastic 

waste which is cleaned and cut into a size such that it passes 

through 2.36mm sieve using shredding machine. The bitumen 

is heated and further added with plastic. Different grades of 

bitumen like 30/40, 60/70 and 80/ 100 are available on the 

basis of their penetration values. The steady increase in high 

traffic intensity in terms of commercial vehicles, and 

significant variations in daily and seasonal temperature 

demand improved road characteristics. If any improvement in 

the binding property, that can be utilized in further more. The 

plastic waste is mixed with hot bitumen and the new product 

can be used for the road construction. The use of innovative 

technology plays a vital role in the cost effective. It is not only 

strengthening the road construction but also increase the road 

life as well as will help to improve the environment. 
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I. INTRODUCTION 

Today the availability of the waste plastics is enormous, as 

the plastic materials have become part and parcel of daily life. 

They either get mixed with municipal solid waste and/or 

thrown over land area. If not recycled, their present disposal 

is either by land filling or by incineration. Both the processes 

have certain impact on the environment. Under this 

circumstance, an alternate use for the waste plastics is also 

the needed. Thinner polythene carry bags are most 

abundantly disposed of wastes, which do not attract the 

attending rag pickers for collection for onward recycling, for 

lesser value. Again, these polythene/polypropylene bags are 

easily compatible with bitumen at specified conditions. The 

waste polymer bitumen blend can be prepared and a study of 

the properties can throw more light on their use for road 

laying. 

II. REVIEW 

Nellensteyn (1924) introduced the concept that petroleum 

residua (e.g. bitumen’s) are colloidal dispersions of 

asphaltenes in maltenes (which serve as a solvent phase) 

peptized by polar materials called resins, which may be 

isolated from maltenes. Mack (1932) studied rheological 

properties of bitumens and also concluded that bitumens are 

colloidal. 

Pfeiffer and Saal (1940) suggested that bitumen 

dispersed phases are composed of an aromatic core 

surrounded by layers of less aromatic molecules and 

dispersed in a relatively aliphatic solvent phase. They did not 

claim that there are distinct boundaries between bitumen 

dispersed and solvent phases, as in soap micelles, but that 

there is a continuum from low to high aromaticity from the 

solvent phase to the centers of the entities making up the 

dispersed phase (FIG.1). 

 
Fig. 1: Bitumen Colloidal Model (Pheiffer & Saal, 1940) 

Peptized asphaltene micelles Flocculated asphaltene 

micelles Gel structure of an asphaltic bitumen. During the 

Rozeveld et al. (1997) investigations, a three-dimensional, 

entangled network of arranged fibrils was observed in all 

asphalt films after several minutes of beam exposure. In the 

strained sample AC-10 the network structure was much more 

ordered than the network observed in the unstrained AC-5 

bitumen. The fact that network could be modified prior to 

beam exposure suggests that the network is more than simply 

a beam-induced artefact and may provide insight into the 

asphaltene dispersion as a function of the processing. 

(Rozeveld et al., 1997). During testing of bitumen with the 

environmental scanning electron microscope (ESEM), the 

exposure of the bitumen surface to the electron beam reveals 

a random string-like network structure also found in the work 

of Stangl et al. (2006)bitumen is a complex chemical mixture 

of molecules that are predominantly hydrocarbons of 

different molecular sizes with a small amount of structurally 

analogous heterocyclic species (heteroatoms) and functional 

groups containing sulphur, nitrogen and hydrogen atoms 

(Redelius, 2004). Bitumen also contains trace quantities of 

metals such as vanadium, nickel, iron, magnesium and 

calcium, which occur in the form of inorganic salts and oxides 

or in porphyrine structures. Elementary analysis of bitumens 

manufactured from a variety of crude oils shows that most 

bitumens contain carbon, hydrogen, sulphur, oxygen and 

nitrogen (Read and Whiteoak, (2003). 

Tapase and Kadam, 2014, were performed the 

evaluation of polymer modified bitumen in flexible 

pavement, use of plastic waste as partial replacement to 
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bitumen in flexible pavement. It is experimental approach 

towards waste management and finding alternative to 

conventional materials in flexible pavements. To simulate 

with the field conditions Marshall Stability method is 

considered to carryout experimental work. The objective of 

work is to investigate the effect of plastic waste in flexible 

pavement and to suggest the optimum percentage of bitumen 

that can be replaced by plastic waste for the improvement of 

roads. Number of laboratory tests has been carried out by 

replacing bitumen by plastic waste. The results obtained in 

laboratory investigation indicate major gain in strength with 

substantial saving in cost. 

Anzar, 2015 explained about Use of Plastic Waste in 

Pavement Construction: An Example of Creative Waste 

management. : Plastic which is toxic in nature is found to be 

nearly 5% in Municipal Solid Waste (MSW). A major 

problem nowadays is the disposal of plastic wastes. These 

wastes are non-biodegradable in nature causing 

environmental pollution and hygiene problems. The 

experimentation at several institutes indicated that waste 

plastic can be utilized in Asphalting of roads. The use of these 

wastes in road construction is based on Economic, Technical 

and Ecological criteria. Taking an example of INDIA 

(Authors native land) several million metric tons plastic 

wastes are produced every year. If these wastes can be 

suitably utilized in road construction, the disposal and 

pollution problems can be minimized to a large extent. In road 

making process bitumen is used as binder. The bitumen can 

be modified with plastic waste pieces forming a mix which 

can be used as a top layer of flexible pavement, showing 

better binding property, stability, density and which is more 

resistant to water. 

Chavan, 2013, explained about use of plastic waste 

in flexible pavements. Disposal of waste materials including 

waste plastic bags has become a serious problem and waste 

plastics are burnt for apparent disposal which cause 

environmental pollution. Utilization of waste plastic bags in 

bituminous mixes has proved that these enhance the 

properties of mix in addition to solving disposal problems. 

Plastic waste which is cleaned is cut into a size such that it 

passes through 2-3mm sieve using shredding machine. The 

aggregate mix is heated and the plastic is effectively coated 

over the aggregate. This plastic waste coated aggregate is 

mixed with hot bitumen and the resulted mix is used for road 

construction. The use of the innovative technology will not 

only strengthen the road construction but also increase the 

road life as well as will help to improve the environment. 

Plastic roads would be a boon for India‘s hot and extremely 

humid climate, where temperatures frequently cross 50°C and 

torrential rains create havoc, leaving most of the roads with 

big potholes. In my research work I have done a thorough 

study on the methodology of using plastic waste in 

bituminous mixes and presented the various tests performed 

on aggregates and bitumen. 

Prof. Justo et al [2002] has established that the 

penetration and ductility values of the plastic modified 

bitumen decreased with the increase in proportion of the 

plastic additive, up to 12% by weight. The softening point of 

the modified bitumen increased with the addition of plastic 

additive, up to 8.0% by weight. 

Putman and Amirkhanian (2004) used waste tire and 

carpet fibres in SMA and compared the performance of these 

stabilized mixtures with cellulose and polyester fibre 

stabilized mixtures. The outcomes showed that adding wastes 

increases the toughness of SMA mixtures, without making 

any significant difference in permanent deformation. 

Richard et al. (2009) reported that the volume of 

waste polymer produced is increasing rapidly and the 

disposal is very difficult resulting in exceeding the waste 

beyond the acceptable levels. The possibility of incorporating 

waste polymer into bitumen as a modifier was examined. A 

wide range of recycled polymers were tested, including 

polyethylene, polypropylenes, polyether polyurethane, 

ground rubber, and truck tire rubber. Tests included viscosity, 

penetration, softening point, ageing, and rheology. Stiffness 

tests on samples of bituminous mixes were made using 

different grades of binders. The blend with 3%   low density 

polyethylene substituted for 1% styrene butadiene had similar 

properties to that of Polyflex 75, although it had lower 

stiffness. The most impressive was a combination of low 

density polyethylene, bitumen and ethyl vinyl acetate. 

Recycled plastics comprising predominantly of 

polypropylene and low density polyethylene can be 

incorporated into conventional bituminous road surfacing 

mixtures. Greater durability and fatigue life have been 

reported for these modified mixes as compared to 

conventional mixes (Zorrob, 2000). It is hoped that in near 

future we will have strong, durable and eco-friendly roads 

which will relieve the earth from all type of plastics. The use 

of the innovative technology not only strengthened the road 

construction but also increased the road life as well and will 

help to improve the environment. 

Fundamentally, fibre improves the different 

properties of the resulting mix. It changes the viscoelasticity 

of the modified bitumen (Huang and White 1996), increases 

dynamic modulus (Wu, Ye and Li,2007), moisture 

susceptibility Putman and Amirkhanian, 2004), creep 

compliance, rutting resistance (Chen et al., 2004) and freeze– 

thaw resistance (Echols, 1989), while reducing the reflective 

cracking of bituminous mixtures and pavements (Echols, 

1989; 

Tapkın et al., 2009, Maurer and Malasheskie, 1989). 

Goel and Das (2004) reported that fibre-reinforced materials 

develop good resistance to ageing, fatigue cracking, moisture 

damage, bleeding and reflection cracking. 

Simpson et al. (1994) conducted a research on 

modified bituminous mixtures using polypropylene, 

polyester fibres and polymers. Two blends of modified binder 

were evaluated. An unmodified mixture was used as a control 

sample. Mixtures containing polypropylene fibres were 

found to have higher tensile strength and resistance to 

cracking than the others. 

Studies by Brown et al. (1990), showed that some 

fibres have high tensile strength relative to bituminous 

mixtures, thus it was found that fibres have the potential to 

improve the cohesive and tensile strength of bituminous 

mixes. They are believed to impart physical changes to 

bituminous mixtures by the phenomena of reinforcement and 

toughening. This high tensile strength may increase the 

amount of strain energy that can be absorbed during the 

fatigue and fracture process of the mix. Finely divided fibres 
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provide a high surface area per unit weight and behave much 

like filler materials. Fibres also tend to bulk the bitumen so it 

will not run off from the aggregates during construction. 

Previous researches (Marais, 1979; Chen and Lin, 

2005; Amit and Animesh 2004; Tapkin, 2008) showed that 

the addition of fibre into bitumen increases the stiffness of the 

bitumen binder resulting in stiffer mixtures with decreased 

binder drain down. The fibre modified mixtures showed 

improved Marshall Properties with increased stability and 

bulk specific gravity values compared to the control mix. 

Fibres appear to have the potential to improve fatigue life and 

deformation characteristics by increasing rutting resistance. 

The tensile strength and related properties of mixtures 

containing fibres were found to improve. In terms of 

workability, mixtures with fibres showed a slight increase in 

the optimum binder content compared to the control mix. 

This is similar to the addition of very fine aggregates. The 

proper quantity of bitumen needed to coat the fibres is 

dependent on the absorption and the surface area of the fibres 

and is therefore affected not only by different concentrations 

of fibres but also by different fibre types (Button and Lytton, 

1987). According to Mills and Keller (1982), the degree of 

homogeneity of dispersion of the fibres within the mix will 

determine the strength of the resulting mixtures. The results 

obtained from the different field studies showed that the 

addition of fibre have a benefit since it will help to produce 

more flexible mixtures with more resistant to cracking (Jiang 

et al., 1993). 

The design methods of bituminous mixtures 

primarily include the well-known Marshall Design method 

and Superpave design method. In the design procedure 

bitumen content plays a key role in determining the 

engineering properties of mixture, which is determined in 

terms of the volumetric properties of mixture (specific 

gravity, air void, etc.) in both the Marshall and Superpave 

mixture design procedures. However, the volumetric 

properties of fibre-reinforced bitumen mixture are different 

from that of the ordinary bituminous mixture (Serfass and 

Samanos, 1996). Therefore, it is essential to investigate the 

volumetric properties of these mixtures to design more 

reliable ones. Fibre content plays an important role in 

determining the volumetric and engineering properties of 

bituminous mixtures. It was reported that there exists some 

optimum fibre content to achieve the maximum tensile 

strength and toughness (Chen et al., 2004). In many cases, 

fibre content is determined only according to the engineering 

practices or manufacturer‘s recommendation. 

The history of adding recycled tyre rubber to 

bituminous paving material can be traced back to the 1940s 

when the U.S. Rubber Reclaiming Company began marketing 

a devulcanized recycled rubber product, called Ramflex, as a 

dry particle additive to bituminous paving mixture. In the 

mid-1960s, Charles McDonald developed a modified 

bituminous binder with the addition of crumb rubber called 

Overflex (Weidong, 2007). Huang et al., (2007) have 

reported on the incorporation of a number of waste streams 

into bitumen, including glass, steel slag, tyres and plastics. 

Dry process involves direct incorporation of waste plastics 

which is blended with aggregate before adding in bitumen, to 

prepare a plastic modified bituminous mix. Wet process 

involves simultaneous blending of bitumen and waste 

plastics. 

Denning (1993) reported that asphalt concrete which 

employ polyethylene modified binders are more resistant to 

rutting during elevated seasonal temperatures. Goodrich 

(1998) reported that generally a modifier improves the 

properties of bituminous mixtures in many ways. Some of the 

improvements in the properties are improved elastic 

properties to withstand severe loading conditions, increase in 

resistance to deformation, smoother riding surface, increased 

stability of the mix, higher retained strength after exposure to 

moisture, improved skid resistance to ageing caused by 

atmosphere, improved resistance to low temperature 

cracking, higher softening point etc.. Zoorab and Suparma 

(2000) reported the use of recycled plastics composed 

predominantly of polypropylene and low density 

polyethylene in plain bituminous concrete mixtures with 

increased durability and improved fatigue life. Resistance to 

deformation of asphaltic concrete, modified with waste 

plastics consisting predominantly of low density polythene, 

was improved in comparison with unmodified mixes (Little, 

1993) Coating of waste plastics on stone aggregate improved 

the physical properties of aggregates and significant 

improvements were observed in Marshall Stability, indirect 

tensile strength and rutting of bituminous concrete mixes 

(Sabina et al., 2009). 

Justo and Veeraraghavan (2002) compared the 

properties of the waste plastic modified bitumen with 

ordinary bitumen. It was observed that the penetration and 

ductility values of the modified bitumen decreased with the 

increase in proportion of the plastic additive, up to 12 % by 

weight. The softening point of the modified bitumen 

increased with the addition of plastic additive, up to 8.0 % by 

weight. Studies were carried out on Bituminous Concrete 

(BC) mixes using 80 / 100 grade bitumen. Further studies on 

BC mixes were carried out using the modified binder 

obtained by the addition of varying proportions of processed 

plastic bags (percentage by weight of bitumen) with the 

conventional 80 /100 grade bitumen. The optimum modified 

binder content fulfilling the Marshall mix design criteria was 

found to be 5.0 % by weight of the mix, where the bitumen 

consist of 8% of processed plastic (by weight of bitumen). 

Three fold increases in stability value is showed by the BC 

mix. 

Bindu and Beena (2010) studied the feasibility of the 

use of shredded waste plastics in semi-dense bituminous 

concrete with 60/70 penetration grade bitumen employing dry 

process of mixing. On heating the softened plastics, provide 

a thin coating on the aggregate. Marshall Stability and flow 

values, over a 50 samples with varying percentage bitumen 

by weight of mix and percentage plastics by weight of binder 

were evaluated. There was a 10% saving in the bitumen 

content which leads to a saving in national economy and also 

an eco-friendly method for the disposal of waste plastics. The 

stability value of the mix was increased by about 30%. There 

is also less ageing of bitumen and no bleeding. The plastic 

coated aggregates showed no stripping even after 96 hours of 

water immersion and hence avoid the use of antistripping 

agents in bituminous mixes. Water absorption was found to 

be less as compared to uncoated aggregates indicating its 

higher degree of water susceptibility. 
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